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ABSTRACT

Recent studies have produced an increasing
body of evidence that the intestinal micro-
biome plays an essential role in modulating
systemic inflammation and skin diseases. The
gut microbiome influences and modulates the
host immune system, enabling immune toler-
ance of environmental and dietary antigens and
protecting against pathogens. Emerging scien-
tific evidence has demonstrated that oral pro-
biotics can help treat certain skin diseases, such
as acne, atopic dermatitis, photoaging, psoria-
sis, and wound healing. The aim of this paper is
to review the current scientific evidence on
topical probiotics and their effects on derma-
tological diseases and skincare and to clarify if
the application of exogenous probiotics could
also have the same benefit as oral probiotics in
promoting positive bacterial balance to treat
dermatologic conditions.
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Key Summary Points

Over the past decade, there is an increased
interest in oral and topical probiotics for
skincare and treatment of skin diseases

This paper reviews the current scientific
evidence on the use of topical probiotics
for the treatment of acne, atopic
dermatitis, photoaging, skin aging,
psoriasis, and wound healing.

While new products are released in the
market, research groups have been trying
to determine their efficacy, mechanism of
action, safety, and indications.

As science continues to explore the
interesting gut–skin axis and the effects of
the microbiome on the skin, new studies
will clarify the role of topical probiotics on
skin disorders and skincare.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide to facilitate under-
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INTRODUCTION

Probiotics are defined as ‘‘live microorganisms
which, when administered in adequate
amounts, confer a health benefit on the host.’’
In 1900 Louis Pasteur first identified the
microorganisms responsible for fermentation,
subsequently bringing health to and promoting
the longevity of Bulgarian rural people if they
consumed fermented foods such as yogurt and
the bacteria they contained. He suggested that
‘‘lactobacilli might counteract the putrefactive
effects of gastrointestinal metabolism that con-
tributed to illness and aging.’’ [1] Hippocrates
said, ‘all disease begins in the gut,’ and over
2000 years later, science continues exploring
this concept [2]. Several basic science and clin-
ical studies have demonstrated that the gut
microbiome’s influence extends to distant
organs, such as the skin, through complex
mechanisms involved in the gut–skin axis. The
use of prebiotics, probiotics, and symbiotics has
shown promising effects on the prevention and
treatment of different inflammatory skin disor-
ders, such as acne and atopic dermatitis [3].

Over the past decade, interest in the use of
oral and topical probiotics for skincare and the
treatment of skin diseases has been increasing.
While new products are released in the market,
research groups have been trying to determine
their efficacy, mechanism of action, safety, and
indications. Lee et al. explain that they have
shown efficacy in a number of limited trials
involving acne treatment, atopic dermatitis,
and rosacea [4].

The U.S. Food and Drugs Administration
(FDA) categorizes probiotics into different cate-
gories, such as dietary supplements, foods, food
additives, cosmetics, or drugs, based on each
individual product. However, there is no regu-
lation for topical probiotics, and currently there
are no topical probiotic products approved by
the FDA, which shows a need to improve the
regulations for these products [4].

The aim of this article is to review the current
scientific evidence on topical probiotics and its
effects on dermatological diseases and skincare
and to clarify if exogenous probiotics applica-
tions could also have the same benefit as oral

probiotics in promoting positive bacterial bal-
ance to treat dermatologic conditions.

This article is based on previously conducted
studies and does not contain any new studies
with human participants or animals performed
by any of the authors.

ACNE

Acne is one of the most common skin diseases
with a lifetime prevalence of approximately
85%

It is caused by multiple factors, such as
alteration of follicular keratinization, increased
and altered sebum production under androgen
control, follicular colonization by Propionibac-
terium acnes, and complex inflammatory mech-
anisms that involve both innate and acquired
immunity [5].

There is scientific evidence pointing out that
the interaction between the skin microbes and
host immunity plays a significant role in thep-
athogenesis of acne. Propionibacterium acnes is
commonly found in sebum-rich areas and par-
ticipates in the skin’s microbiome, interacting
with other common microorganisms, such as
Staphylococcus epidermidis, Streptococcus pyogenes,
and Pseudomonas species, and its over-prolifer-
ation has long been thought to contribute to
the development of acne [6]. The microbiota of
patients with acne differs from patients without
acne. Individuals with acne have a unique
microbial signature, and the use of systemic
antibiotics can modulate the microbiota,
changing its composition and diversity, espe-
cially of P. acnes, which correlates with acne
severity. Challenges in current acne treatment
include compliance with topical treatments
that can commonly disrupt the skin barrier,
causing dryness and skin irritation. Park et al.
noted that probiotics modify several factors in
the pathophysiology of acne development and
can potentially improve compliance as well [7].
The connection between gut microbiota and
acne has attracted attention. Authors of
emerging studies focusing on the gut–brain–
skin connection and the immunobiology of
acne have hypothesized that stress influences
gut microbiota, leading to skin inflammation
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and thereby triggering acne, and that diet
modifications and probiotics could change the
gut microbiota and improve acne [8].

In 1912, a study published in the Journal of
Cutaneous Diseases first reported that ‘‘topical
bacteriotherapy’’ could be helpful to treat dif-
ferent skin disorders, including acne [9].

The term ‘‘bacteriotherapy’’ is currently re-
emerging among the scientific community, and
it encompasses a variety of bacterial products
and application modalities involving isolated or
diverse bacterial species. It can be used broadly
to describe any use of bacteria or bacterial
components for therapeutic benefits and
includes not only probiotics but also different
types of bacteria-derived enzymes and bacterial
transplant [9, 10].

The benefits of applying lactic acid bacteria
to skin continued to be investigated decades
later by Di Marzio et al. who showed that
Streptococcus thermophilus, which can be found
in yogurts, could increase the production of
ceramides when applied topically to the skin for
7 days [11]. Bowe et al. highlighted that this
work was relevant to acne therapy, particularly
when one considers that some of the ceramides
(e.g., phytosphingosine) provide both antimi-
crobial activity against P. acnes and also provide
anti-inflammatory activity [12]. The topical
application of phytosphingosine has been
shown to reduce papules and pustules on acne
patients [13]. An in vitro study evaluated the
symbiotic ability of probiotic bacteria and kon-
jac glucomannan hydrolysates (GMH) to inhibit
P. acnes growth. The authors found that differ-
ent probiotic bacteria strains were able to inhi-
bit the growth of this skin bacterium species
and that the presence of the GMH prebiotic
significantly enhanced the inhibition [14]. A
lactic acid bacterial strain isolated from a
human fecal specimen and identified as Entero-
coccus faecalis SL-5 showed antimicrobial activ-
ity against Gram-positive pathogens assayed,
especially against P. acnes. A lotion containing
E. faecalis significantly reduced pustules com-
pared to placebo lotion. Kang et al. consider
that the anti-P. acnes activity produced by E.
faecalis SL-5 has a potential role in the treat-
ment of acne and could serve as an alternative
to topical antibiotics [15].

Another species that has shown a potential
to inhibit P. acnes is Streptococcus salivarius, a
prominent member of healthy humans’ oral
microbiota. In addition to possessing antimi-
crobial activity, it also acts as an immunomod-
ulator inhibiting different inflammatory
pathways [16,17].

Lopes et al. performed a study to check the
capability of different probiotic strains to
adhere to human skin and their antimicrobial
activity against selected pathogens. These
authors also evaluated cell-free culture super-
natants (CFCS) of probiotic strains for their
ability to prevent the formation or destruction
of an established biofilm by selected pathogens
and to search for potential quorum-sensing
antagonists. The authors found that antimicro-
bial activity of the CFCS of selected probiotic
strains was observed towards Escherichia coli, P.
acnes, and Pseudomonas aeruginosa; however,
none was able to inhibit the growth of Staphy-
lococcus aureus [18].

It is also important to note that probiotics
applied topically can also serve as a protective
shield by functioning as a competitive inhibitor
of binding sites, thereby preventing coloniza-
tion by other potential pathogens [4, 19].

ATOPIC DERMATITIS

Atopic dermatitis (AD) is a chronic inflamma-
tory skin condition that can cause intense pru-
ritus and scaly lesions. The current treatment of
patients with AD includes repair and protection
of the skin barrier with moisturizers, anti-in-
flammatory medications, antihistamines, bio-
logics such as dupilumab, and topical or
systemic antimicrobial therapies [20]. As these
traditional treatment options might be insuffi-
cient for certain patients or are associated with
side effects, other nonpharmacological treat-
ments, such as probiotics, are being investigated
to treat this skin condition [18, 21].

Di Marzio et al. investigated the effects of a
cream containing Streptococcus thermophilus on
the levels of ceramides in the stratum corneum
of patients with AD. A 2-week application of the
cream, which contained a sonicated preparation
of the lactic acid bacterium Streptococcus
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thermophilus, onto the forearm skin of 11
patients led to a significant and relevant
increase in the amounts of skin ceramides,
possibly due to the hydrolysis of sphingomyelin
by the bacterial sphingomyelinase. The patients
also showed improvement in terms of ery-
thema, scaling, and pruritus [21].

A prospective, double-blind, placebo-con-
trolled clinical study involving 75 volunteers
with AD aged 6 to 70 years who were random-
ized to receive either a cream containing a 5%
lysate of the nonpathogenic bacteria Vitreoscilla
filiformis or a vehicle cream for 30 days was
conducted. The authors found that the group
receiving the V. filiformis lysate cream showed a
significant improvement in their AD symptoms,
possibly partly due to the reduction of Staphy-
lococcus aureus but more likely related to a direct
immunomodulatory effect on skin-associated
immune responses [22]. It is known that S.
aureus is predominant in the skin microbiota in
patients with AD at bacterial loads correlating
with disease severity.

The effect of a lotion containing the heat-
treated probiotic strain Lactobacillus johnsonii
NCC 533 on Staphylococcus aureus colonization
in 31 individuals with AD has also been inves-
tigated. The authors found that applying the
lotion for 3 weeks controlled S. aureus colo-
nization and was associated with local clinical
improvement according to SCORAD (SCORing
Atopic Dermatitis tool) [23].

A trial investigating the use of Roseomonas
mucosa for AD treatment involved ten adult and
five pediatric patients. Treatment with R.
mucosa was associated with significant decreases
in disease severity, topical steroid requirement,
and S. aureus burden with no adverse effects or
complications. The early results of this study
support continued evaluation of R. mucosa
therapy with a placebo-controlled trial [24].

Although research on topical probiotics for
AD remains in its early stages, many trials so far
have shown positive results.

PHOTOAGING AND SKIN AGING

One of the latest skincare trends for fighting
photoaging and skin aging is probiotic skincare.

Although research on this subject is still in ini-
tial stages, new products are being launched
onto the market at speed.

Initial studies in animal models and human
clinical trials show that these products can slow
the intrinsic and extrinsic aging process.
Sharma et al. explain that probiotics can restore
acidic skin pH, alleviate oxidative stress, atten-
uate photoaging, improve skin barrier function,
and enhance hair quality [25].

Ultraviolet exposure is an environmental
factor that triggers abnormal production of
reactive oxygen species and the expression of
matrix metalloproteinases that are responsible
for photoaging and skin aging. Plant extracts
fermented with Lactobacillus buchneri (PELB),
found in Kimchi, were evaluated regarding their
anti-photoaging effects. The authors investi-
gated the anti-photoaging effect of PELB in
ultraviolet light (UVB)-induced photoaging in
in vitro models. They pre-treated normal
human dermal fibroblasts and epidermal ker-
atinocytes with PELB and that had been
exposed to UVB. They found that PELB
decreased elastase activity and increased type I
collagen expression in the UVB-induced pho-
toaging in vitro model, reduced collagenase
activity, and promoted the expression of mois-
ture factor and antioxidant enzymes. The study
results show that the PELB could be useful in
the cosmetic industry due to its protective
effects against UVB-induced photoaging [26].
Notay et al. investigated the use of topical
Nitrosomonas eutropha for cosmetic improve-
ment of facial wrinkles. They found a significant
improvement in wrinkle depth severity, hyper-
pigmentation of the forehead and glabella in
the group receiving high topical concentration
of the probiotic formula [27].

PSORIASIS

Psoriasis is an immune-mediated, chronic
inflammatory, genetic disease manifesting in
the skin. Changes in the local microbiota have
been implicated as a potential contributor to
the disease as psoriatic lesions have shown a
local microbiota distinct from that of healthy,
unaffected skin [28]. The decrease of bacteria
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such as Staphylococcus epidermidis and P. acnes in
the psoriatic skin microbiome may lead to
higher Staphylococcus aureus colonization, caus-
ing cutaneous inflammation [29]. Firmicutes,
Proteobacteria, Acidobacteria, Schlegelella, Strepto-
coccaceae, Rhodobacteraceae, Campylobacteraceae,
and Moraxellaceae species are present at higher
levels in these patients, while Actinobacteria
species are present at lower levels [30]. Group A
b-hemolytic streptococcal infections are linked
to guttate psoriasis [31].

Although data on probiotic supplementation
in psoriasis treatment are limited, promising
outcomes have been documented with oral
probiotics interventions, and more studies are
needed to explore the role of topical probiotics
in psoriasis therapy [32].

WOUND HEALING

As wounds are associated with changes to local
microflora due to injury and activation of the
immune responses, topical probiotics have been
investigated for infection prevention, inflam-
mation regulation, and healing augmentation.
They have been shown to be effective in a few
studies involving human and animal models;
however, there is significant variability among
the studies [33].

The use of Lactobacillus plantarum as a
potential therapeutic agent for the local treat-
ment of Pseudomonas aeruginosa burn infections
have shown positive results [34, 35]. The same
bacteria has been investigated for the treatment
of non-diabetic and diabetic ulcers. Peral et al.
found that it reduced bacterial load, neu-
trophils, and apoptotic and necrotic cells,
modified interleukin-8 production, and induced
wound healing [36].

FINAL CONSIDERATIONS

Despite the promising results of the studies
presented in this review, particularly on acne
and atopic dermatitis, research on topical pro-
biotics in skincare and dermatological therapy
is still in the initial stages, and further studies
are necessary to demonstrate their safety,

efficacy, and the mechanism of action in dif-
ferent skin diseases. Potential side effects that
need to be further investigated include allergic
reactions to inactive ingredients, bacteremia,
and antibiotic resistance transfer among
pathogens [4]. Furthermore, there is a need for
improved regulation and guidelines for product
safety and use. As science continues to explore
the interesting gut–skin axis and the effects of
the microbiome on the skin, new studies will
clarify the role of topical probiotics on different
skin disorders skincare.
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