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INTRODUCTION

This informational guidance serves as an
introductory reference document for the
United States Personal Care Product in-
dustry, on the study of Skin Microbiome
and its application in the industry. Its pur-
pose is to provide a high-level overview
of this rapidly developing area. This guid-
ance offers insights into relevant defini-
tions, current research, and technologies
pertaining to the microbiome, as well as
regulatory and manufacturing concerns
for cosmetic products in this space. This
document does not intend to directly
cover product-related claims related to
skin microbiome.

There has been growing interest in the mi-
crobiome field, especially around the ben-
efits of the skin microbiome to overall hu-
man health. The term “microbiome” was
first introduced and defined in 1988 as “a
characteristic microbial community occupy-
ing a reasonably well-defined habitat which
has distinct physicochemical properties” [1].
The human microbiome refers to a diverse
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The human microbiome is an insepara-
ble part of the human body. As a result,
the personal care industry is increasingly
focused on the potential cosmetic bene-
fits of addressing the microbiome. Prod-
ucts with microbiome-focus ingredients
such as prebiotics, probiotics, and post-
biotics may have a direct cosmetic ben-
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collection of microorganisms that live on the
surfaces or linings of the human body, such
as the skin and gut. This community includes
their collective functions and roles at specific
host sites. The microbiota is the collective
term for all the regionalized microbial com-
munities based on taxonomic classification.
Each microbial community is uniquely spe-
cific to each person and varies depending
on the location of the body. Research into
the diverse and unique microbial dermal en-
vironments has demonstrated that resident
microbial communities play a significant role
in health and have functions yet to be dis-
covered or fully elucidated.

A key aspect of microbiome communities
is their diversity. For instance, the human
skin microbiome is estimated to harbor
hundreds (>600) of bacterial species [2, 3].
One of the main drivers of this diversi-
ty within the human microbiome is the
“environment” of different body regions,
such as the skin, oral cavity, gastrointesti-
nal tract, urogenital tract, and respiratory
tract, which each has an established sub-
specialty of microbes.

efit or may act on the skin microbiome
to result in a cosmetic benefit. This in-
formational guidance provides an intro-
duction to the skin microbiome and its
applications in the Personal Care Product
Industry. It offers insights into relevant
definitions, current research, technolo-
gles, and requlatory and manufacturing
concerns for cosmetic products with a
microbiome focus.
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The skin is the body’s largest organ that
functions to protect and support the body
with the aid of a microbiome community to
protect against pathogens and environmen-
tal insults. In some instances, microorgan-
isms are critical components of the function-
ing skin [4-6]. Expectedly, the personal care
industry is invested in the skin microbiome.

The growing trend in developing personal
care products with a microbiome focus in-
cludes prebiotics, probiotics, and postbiot-
ics, which may also have a direct cosmetic
benefit or may act on the microbiome to
result in a cosmetic benefit. The human
microbiome is an inseparable part of our
bodies thus, product developers should
consider the potential benefits and their
implications of addressing the microbiome
to improve skin health. The industry is in
the early stages of discovering and un-
derstanding the importance of the skin
microbiome and its role in skin health and
personal beauty. As such, it is increasingly
necessary to approach this field with a
certain level of due diligence.

The overall purpose of this document is to
introduce the skin microbiome, laying the
foundations for further exploration in the
personal care product industry.

Terminology

As the cosmetic industry leverages micro-
biome science to develop new products, it
is essential to establish a clear and shared
understanding of the microbiome, its
function, and the impact of these inter-
ventions. Although several microbiome-
related terms are in use today, including
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prebiotic, probiotic, and postbiotic, there
is currently no universally recognized glos-
sary that defines these terms as it pertains
to personal care products.

To address this gap, the International Co-
operation on Cosmetic Regulations (ICCR),

a voluntary international group comprised
of cosmetic regulatory authorities from
various countries, has developed a set of
definitions for the cosmetic industry based
on the scientific understanding of the skin
microbiome (ICCR; www.iccr-cosmetics.
org/topics-documents/ 14-microbiome).

Table I: List of International Cooperation on Cosmetic Regulations (ICCR) defined terms

with additional insights and terminology

digestive tract.

Microbiota

content as noted below.

The assemblage of microorganisms, such as bacteria, fungi, archaea, microalgae and protists present

in a defined environment. This can be the human body or individual body sites, like the skin or the

Although the terms microbiota and microbiome are sometimes used interchangeably,

the term microbiome refers to microorganisms primarily identified by their genomic

polysaccharides.

Microbiome

A characteristic microbial community occupying a reasonably well-defined habitat which has distinct
physio-chemical properties. The microbiome not only refers to the microorganisms involved but also
encompasses their theatre of activity, which results in the formation of specific ecological niches. This

includes their genetic material, and structural molecules, like enzymes, membrane lipids or

SKIN MICROBIOME: The skin microbiome is present on the whole skin surface, including oral cavity
and mucosal surfaces of the external genital organs. The composition of the skin microbiome is

dynamic, site-specific but also differs from individual to individual.

The microorganisms found in a particular microbiome are primarily identified by analyzing their
genomic material. A microorganism’s genomic material determines its function or “theatre of
activity” which includes its metabolic processes, the facilitators of those processes such as

enzymes, and the related metabolic byproducts or metabolites.

Probiotic

but keep their metabolic activity.

Viable (active or dormant) microorganisms added to a cosmetic product with an intended cosmetic
benefit to the host at the application site, either directly or via an effect on the host microbiome,
when utilized in adequate amounts. Active microorganisms are usually defined as growing organisms,

which increase their number and/or biomass. Consequently, dormant microorganisms do not grow,

Prebiotic

Substrates (e.g., carbohydrates or other nutrients) added to a cosmetic product to be utilized by the

host microbiome, with an intended cosmetic benefit to the host. Whereas pro-, post- and

Postbiotic
benefit.

Inanimate ingredients of microbial origin added to a cosmetic product with an intended cosmetic

Parabiotic/

Paraprobiotics

paraprobiotics are a subgroup of postbiotics.

Ingredients derived from inactivated probiotic microorganisms added to a cosmetic product with an
intended cosmetic benefit. Paraprobiotics can either be inactivated microbial cells or components of

cellular structures (e.g., cell walls), with or without metabolites. Based on the definition,

Dysbiosis

An imbalance in the resident microbial population leading to possible loss of beneficial microbial
organisms, increase in harmful microorganisms, change in the overall microbial diversity and/or

change in functional composition and metabolic activities.

Synbiotic

The combination of a probiotic and its specific prebiotic(s) that promotes the metabolism and

survival of the probiotic in a target environment.
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The ICCR addresses common cosmetics
safety and regulation issues and engages
in constructive dialogue with relevant cos-
metics industry trade associations from
their respective countries (www.iccr-cos-
metics.org/about-us). In the United States,
the representative trade association is the
Personal Care Products Council (PCPC).
The ICCR definitions provide a shared
vocabulary for cosmetic industry stake-
holders (Table 1). To further promote the
adoption of these definitions across the
industry, this guidance document also
provides additional insights and terminol-
ogy listed in Table I (in bold).

A universally accepted set of definitions
of microbiome-related terms will facili-
tate transparent communication amongst
cosmetics industry stakeholders including
manufacturers, regulators, and consum-
ers, and lays the groundwork for future
innovation.

The Skin Microbiome: Composition,
Distribution, and Physiology

The skin acts as a physical barrier that pro-
tects the body from harmful environmen-
tal factors, foreign organisms, and toxic
substances. On average, the skin covers an
area of about two square meters (m?2), but
if the skin appendages are included, the
total surface area is approximately 25m?2
[7]. This large surface has a multitude of
diverse skin environments and is colonized
by a wide range of microorganisms such as
bacteria, archaea, fungi, viruses, and mites,
most of which are harmless and beneficial
to their host. The factors that drive mi-
crobial colonization of the skin by these
microorganisms include skin ecology, host
factors, and environmental factors. Ad-
ditionally, the skin’s innate and adaptive
immune responses can modulate the skin
microbiota, while inversely, the microbiota
can also educate the immune system [5].

The human skin microbiome refers to the
entire genomic collection of known or un-
known microbes that reside in and on hu-
man skin. An important goal of cosmetic
skin microbiome research is to understand
the role microorganisms play in the well-
being and homeostasis of skin. A more
thorough understanding of skin microbial
inhabitants, including commensals, sym-
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bionts, and pathogens, provides a foun-
dation for future research regarding the
interactions between humans, microbes,
and inter-microbial communities.

The skin is home to microorganisms that
can be categorized as either resident or
transient and are associated with the skin
in either commensal, symbiotic, or patho-
genic relationships. Resident microbiota
are consistently found members of the
skin microbiome and have a competitive
advantage over the introduction of new
microorganisms. These members include
Cutibacterium acnes (formerly Propioni-
bacterium acnes), Staphylococcus epider-
midis, Corynebacterium diphtheria, Cory-
nebacterium jeikeium, Pseudomonas ae-
ruginosa, among other species. Whereas
transient microbiota are temporary mem-
bers that only colonize under conditions
favorable to their survival. For example,
clostridia that colonizes in the perineal
area of the skin. Commensal microbiota
use the material and nutrients supplied
by the host without reciprocal benefits or
harm to the host, such as Staphylococ-
cus epidermidis Symbiotic microbiota are
mutualistic for both the host and the mi-
croorganism can benefit from the associa-
tion, such as Cutibacterium. Pathogenic
microbiota, on the other hand, can cause
disease, for example, Staphylococcus au-
reus. Opportunistic pathogens can cause
infections under the right conditions, such
as Haemophilus ducreyi. Genomic analy-
sis has revealed an even greater diversity
of bacteria, belonging to the phyla Ac-
tinobacteria, Firmicutes, Bacteroides, and
Proteobacteria (Figure 1; [5]). In addition
to the bacterial microbiota, there is also
a fungal component associated with the
skin. Like bacteria, the presence of various
fungi occurs because of favorable condi-
tions that promote their growth and per-
sistence. Those predominately found on
the skin include Malassezia spp. which are
lipid-dependent yeasts. Like bacteria, Mal-
assezia has been shown to provide a mu-
tual benefit as skin commensals [2, 8, 9].
Other genera of fungi that have been de-
tected on the skin include Debaromyces,
Cryptococcus, and Candida [5].

The skin’s surface supports distinct sets
of microorganisms at different skin re-
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Figure 1: Distribution of bacteria on various skin sites. Adapted from source: [5].

gions (Figure 1) that are favorable for
specific microenvironments, such as dry
(low humidity), moist (high humidity), or
sebaceous environments. Dry skin regions
have a diverse collection of microbiota
including Actinobacteria, Proteobacteria,
Firmicutes, and Bacteroidetes, but fewer
numbers of bacteria than moist skin re-
gions [5,10-12]. Dry skin sites include
forearms, hands, legs, feet, and various
parts of the face while moist skin areas
include the perineal region, axillary vault,
and interdigital spaces of the foot. Moist
skin sites have higher humidity and tem-
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peratures and are colonized by Staphylo-
coccus and Corynebacterium species [13].

The distribution of sebaceous glands also
affects the types of microorganisms that
reside at different skin sites [5]. Areas with
a high density of sebaceous glands, like
the face, chest, and back, encourage the
growth of lipophilic microorganisms such
as Cutibacterium and Malassezia species
[14]. Variations in sebum production in
the cutaneous environments partially ac-
count for microbial differences between
biological sexes [5].
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Figure 2: Factors contributing to variation in the skin microbiome. Adapted from source [5].

While the roles of resident microorgan-
isms on human skin have yet to be fully
understood, several endogenous and ex-
ogenous factors are known to affect the
skin microbiome’s composition (Figure 2).
Endogenous factors, such as skin site, age,
and biological sex, are specific to the host
and play a role in determining the normal
resident microbiota of the skin.

Advancing age during human develop-
ment is an important factor that affects
the skin microbiome composition at dif-
ferent skin sites and, thus, the colonizing
microorganisms [5]. Prior to birth, research
suggests that fetal skin is microbiota-free
in utero, however, microbial colonization
begins at birth, which is influenced by the
method of delivery, either vaginal or cesar-
ean section [5,15]. Further changes occur
during puberty, where there is a consid-
erable increase of Corynebacterium and
Cutibacterium species and a decrease of
Firmicutes, including Staphylococcus and
Streptococcus species [9]. Once in adult-
hood, and under normal physiological
conditions, the skin microbiome compo-
sition remains mostly stable despite the
skin’s continuous exposure to the environ-
ment [16].

Other extrinsic factors specific to the indi-
vidual, such as location and environment,
occupation, societal interactions, sanitary
practices, and even choice of clothing,
may influence the skin microbiota com-
position. For example, ultraviolet (UV)
light from sun exposure may impact the
skin microbiome; indeed, geographical
locations with longitudinal and latitudinal
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variation in UV exposure correlate to vari-
ability in skin microbiota [5].

The use of antibiotics, cosmetics, and per-
sonal care products also contributes to the
variation of the skin microbiome. However,
in vivo research has shown that using per-
sonal care products may be possible with-
out significant detrimental effects on the
skin microbiome [17,18]. In an exploratory
study by Kromidas et al., a commercial per-
sonal care product designed to not impact
bacterial microbiota was shown to signifi-
cantly improve the recovery of face bacteria
after insult with a soap, which is known to
lead to bacterial cell death and injury [17].

After considering the factors that influence
the composition of the skin microbiome at
various skin sites, another area of inter-
est is the mechanisms by which the skin
microbiota colonizes the skin. Here, we
highlight one such mechanism, the for-
mation of biofilms. Bacterial colonization
of the skin is known to occur via biofilms
[19]. A biofilm is an aggregation of micro-
organisms that adhere to each other and
a substrate such as the skin. The microor-
ganisms adapt to the skin by undergoing
metabolic changes, producing a gel-like
matrix consisting of extracellular polymer-
ic substances (EPS). EPS typically consist of
proteins, DNA, lipids, and polysaccharides,
and help the organisms attach to living
or inanimate surfaces, optimize nutrient
cycling, coordinate communication be-
tween cells, and protect against mechani-
cal forces and chemical changes [20,21].
Microorganisms in biofilms often respond
differently to external factors than their

free-floating (planktonic) counterparts.
Furthermore, microorganisms in estab-
lished biofilms tend to persist and survive
decontamination processes.

Biofilms are also known to have a sig-
nificant impact on various skin disorders.
Many skin microbiota have been studied
to understand their biofilm-forming abili-
ties and to develop strategies to inhibit
biofilm production pathways to alleviate
certain infections [22]. For example, bio-
films have been found to play a significant
role in the development of acne. Cutibac-
terium acnes reside in pores or piloseba-
ceous glands and can form biofilms in this
environment [23]. These biofilms can have
several distinct bacterial phylotypes that
may cause specific outcomes [24]. Stud-
ies have shown that the IA1 phylotype of
C. acnes recovered from individuals with
acne is more efficient in early adhesion,
biofilm biomass development, and signifi-
cant antibiotic resistance.

The discovery that microorganisms in and
on the skin can be present in biofilms also
has implications for cosmetics. Biofilms on
the skin can help bacteria tolerate exter-
nal stressors such as exposure to UV light
and pollution or various hygiene practices,
including using soaps, skin abrasives, or
astringents.

Microbiome Analysis

Skin microbiome studies in the personal
care industry primarily focus on identifying
and characterizing the microbiota present
on the skin and understanding itsimpact on
skin health. A skin microbiome study typi-
cally involves collecting microbiome sam-
ples from specific skin sites, detecting, and
identifying microorganisms present in the
samples, and understanding the relation-
ship between the identified microorgan-
isms and the skin site. This guidance docu-
ment highlights the key considerations for
sample collection and the sequencing tools
used to identify and detect microorganisms
from the collected samples.

The choice of sampling method s critical to
ensure successful detection and identifica-
tion of the skin microbiome of a site due
to the skin’s low microbial biomass [4].
Various sampling techniques are used in
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skin microbiome studies, from minimally
invasive skin swabs or tape-stripping to
skin-destructive scrapes and biopsies. The
most common technique for collecting
skin microbiome samples is swabbing,
which is simple to perform and causes
minimal discomfort with minimal epider-
mal injury [25]. A pre-moistened swab is
rubbed across the skin surface to collect
skin microbiome samples. Numerous op-
tions are available for the swab tip material
(polyester, cotton) and fiber application
(spun or flocked). Additionally, a moisten-
ing solution, typically saline, is used to pre-
moisten the swab before collection, and
a storage and transport tube, which may
alsoinclude a transport medium, is used to
store the sample. These components are
easy to assemble for microbiome studies
and are commercially available as kits.

Tape stripping is another simple and mini-
mally invasive sampling technique. A spe-
cially designed adhesive tape is applied to
a selected section of skin with gentle and
uniform pressure and then swiftly pulled
from the skin [26]. Unlike swabbing, as the
name implies, tape stripping removes stra-
tum corneum cell layers and, therefore,
may access deeper layers of skin. Tape
striping may provide a reproducibly high
amount of biomass [27]. Although tape
stripping is minimally invasive, repeated
application to the same section of skin in
a brief period may cause transient trauma
to the epidermal layers [26].

Skin biopsies are a less frequently used
sampling technique for skin microbiome
studies. Biopsies are used to profile the mi-
crobiome at deeper epidermal layers [28].
During the biopsy, a tool such as a skin
punch, scalpel, or razor is used to remove
layers of the skin at various depths. Skin
biopsies provide microbiome profiles at
even greater depths of the skin than tape
striping. However, the invasive nature of
the procedure and the potential for dis-
comfort make it less suitable for repeated
samples from the same or multiple skin
sites from an individual [25].

Regardless of the method of collection,
samples may be transported and stored
for future processing. Swabs, for instance,
are stored in a transport solution that ei-
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ther preserves the viability of the microor-
ganisms (which is required for any cultur-
ing methods) or the integrity of nucleic
acids (DNA, RNA) or does both. Depend-
ing on the transport solution, samples can
be transported at room temperature or
frozen. For storage, samples are typically
stored at or below -80°C. Additionally,
a swab may be snap-frozen in its trans-
port tube without any additional media,
although this method may not preserve
viability as well as a transport media or
cryopreservation solution [12, 25].

Once collected, a sample must undergo
several steps to identify the microorgan-
isms present at the skin site, estimate their
prevalence, and characterize their impact
on the site under investigation. Today, the
process primarily includes the extraction
of the genomic content (most often DNA)
of the sample, several steps to prepare
the DNA for sequencing, sequencing the
DNA, and finally bioinformatics to assign
decoded DNA sequences to a microbial
identity or gene function. A detailed dis-
cussion of each step in the process of ana-
lyzing the microbiome is beyond the scope
of this review. Here, we highlight common
strategies for identification.

The traditional benchmark for identify-
ing microorganisms is Sanger sequencing
which is now also known as first-gen-
eration sequencing [29]. As a first step,
Sanger sequencing and other identifica-
tion methods, such as MALDI-TOF mass
spectrometry (MS), have traditionally re-
quired culturing the microorganisms in a
laboratory setting. Culture-based identi-
fication methods require single isolated
colonies of a microorganism to perform an
identification. The Sanger-based method
determines the nucleotide sequence of a
single DNA template at a time [30]. An
identification is made by comparing the
unknown sequence to known reference
sequences. MALDI-TOF MS determines
identification by comparing whole-cell
protein spectral profiles to reference
spectra from known species and strains.
Most microorganisms, however, are un-
culturable [31], which limits the discovery
of the full spectrum of microbial diversity
within a skin microbiome community us-
ing culture-based identification methods.
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Two significant advancements have revolu-
tionized the study of the microbiome. The
first was the development of high-through-
put sequencing (HTS) or next-generation
sequencing (NGS) technologies, also
known as second-generation sequencers
[30]. The second was the creation of the
Human Microbiome Project Consortium
[32]. These advancements have made mi-
crobiome analysis primarily culture-free
and have introduced a new tool in micro-
biome studies called metagenomics.

NGS allows for the high-throughput se-
quencing of the entire genomic content
of a microbial community in a sample.
It removes the need for an isolation and
culture step, which makes it possible to
detect microorganisms that cannot be
cultured in a lab. Second-generation se-
quencers decode millions of short DNA
sequences (<450 bp) per run. Currently,
most second-generation sequencers avail-
able for commercial use rely on a sequenc-
ing method called sequence by synthesis
(SBS). The fundamental principle behind
SBS involves fixing billions of DNA frag-
ments to a solid support, converting dou-
ble-stranded DNA into single-stranded
templates, attaching a primer, incorporat-
ing complementary nucleotides via DNA
polymerase to a new DNA strand, and
detecting this incorporation. Instruments
mainly vary based on their sequence de-
tection method, including fluorescence
imaging from fluorescently labeled nucleo-
tides or measuring changes in pH [30, 33].
Third- and fourth-generation sequencers
are also now available that sequence lon-
ger reads (up to 1 Mb) in a shorter amount
of time and utilize different chemistries
to detect the sequence reaction [33, 34].
NGS has significantly reduced the time
and cost to sequence entire genomes.
While the Human Genome Project took
15 years to complete 92% of the human
genome, today, with NGS, this can be ac-
complished in a day. (www.genome.gov/
about-genomics/educational-resources/
fact-sheets/human-genome-project).

The second advancement, the Human
Microbiome Project Consortium (HMP),
was an NIH initiative launched in 2007.
Deploying NGS, the HMP successfully
characterized the microbiome of three
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hundred (300) healthy individuals across
various body sites and gained insights
into the functions of the human micro-
biome [32]. The project facilitated the
development of metagenomic studies
and bioinformatic analysis of microbial
sequence data (hmpdacc.org/hmp/).

In skin microbiome studies, there are two
sequencingapproaches: targeted orampli-
con sequencing and whole metagenomic
or shotgun metagenomic sequencing. In
amplicon sequencing, only a single marker
gene or region of a gene is sequenced. The
targeted gene or region is isolated from
the remainder of the genome through
polymerase chain reaction (PCR) ampli-
fication. The 16S ribosomal RNA (rRNA)
gene, found only in bacteria, is used to
identify bacteria, while the internal tran-
scribed spacer (ITS) region between the
fungal rRNA genes is used to identify fungi
[4]. The 16S rRNA gene has evolutionarily
conserved regions present in all bacteria
and nine variable elements specific to
individual species. When the 16S rRNA
gene of a bacterium is fully sequenced,
the bacterium can often be taxonomically
classified to the species level [35,36]. In
amplicon sequencing to identify bacteria,
only a portion of the 16S rRNA gene, cov-
ering a subset of the variable regions, is se-
guenced. In skin microbiome studies, the
preferred region includes variable region
1 (V1) to variable region (V3). In amplicon
sequencing to identify fungi, the preferred
targeted region includes the internal tran-
scribed spacer regions 1 or 2 (ITS1, ITS2)
[4]. Once amplified, the select portions of
rRNA genes or gene regions (16S rRNA for
bacteria, ITS for fungi) are sequenced us-
ing one of the available NGS technologies.

The sequence data generated (reads) are
analyzed to determine the identity of
the microorganisms present in a sample.
Various computational tools are available
that automate the process. The process
involves quality control steps to remove
erroneous or non-relevant reads (low-con-
fidence nucleotide or base calls, primer
and adaptor sequences, untargeted eu-
karyotic DNA sequences, etc.) followed
by assigning a taxonomic classification
to accepted reads to determine the mi-
croorganisms present in a sample (taxo-
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nomic assignment). There are currently
two methods for taxonomic assignment:
clustering similar sequences with >97%
similarity into operational taxonomic units
(OTU) or grouping identical (100% match)
sequences using the amplicon sequencing
variants (ASV) method. The OTU clustering
method is more widely used and assigns
taxonomic classification by either de novo
approaches, which attempts to classify
previously unencountered sequences, or
reference-based assignment in which the
OTU sequence is compared to sequences
of known taxa in a reference database.
OTU assignment typically yields genus-lev-
el identification. In contrast, ASV takes an
exact sequence read and the frequency at
which it occurs in the sequencing dataset
to determine the probability that the read
is not due to a sequence error. Only reads
with high statistical confidence are com-
pared to a reference database to provide
identification at the species level [37].

In shotgun or whole metagenomic se-
quencing (WMGS), all the genomic con-
tent (and not just a single gene or region)
present in a sample is sequenced. Shot-
gun sequencing provides a comprehensive
profile of the microbial community at a site
and insights into their function.

Second-generation sequencers are rou-
tinely used in wMGS, which requires the
microbiome genomic DNA to be frag-
mented into short DNA fragments. Simi-
lar to amplicon sequencing, in WMGS,
the generated sequence reads are pre-
processed to remove unwanted reads
before taxonomic classification, which is
accomplished through assembly-based or
assembly-free methods [38].

In assembly-based methods, overlapping
regions in sequence reads are pieced to-
gether to produce a consensus contigu-
ous sequence called a contig. A wMGS
dataset typically contains multiple con-
tigs belonging to the original genomes
of the different microorganisms. Related
contigs of a single microorganism are ar-
ranged onto a scaffold that includes gaps
of unresolved sequences to reconstruct
the original genome. This scaffold is clus-
tered or binned into a taxonomy group,
such as a species [38].

In assembly-free methods, reads are di-
rectly mapped to genomes in reference
databases. Assembly-free methods also
include mapping reads to discriminative
marker genes from reference sequences.
Both assembly and assembly-free meth-
ods have several computational programs,
each with its own advantages and draw-
backs, that perform the steps necessary to
yield a taxonomic assignment [38].

In addition to identifying microorganisms
present in a sample, NGS techniques al-
so estimate the prevalence of identified
microorganisms. It is important to note
that no NGS technique provides abso-
lute quantification of microbial species in
a sample. Instead, the number of reads
assigned to each identified microorgan-
ism determines the relative abundance of
microorganisms in the sample. The rela-
tive abundance represents the proportions
of microorganisms in a sample, reflecting
how common or rare a microorganism is
relative to other microorganisms [39]. The
relative abundance represents normalized
values and the fraction of the organism
observed relative to the sum of all ob-
served organisms [40].

Measures of diversity are also determined
when evaluating the skin microbiome. Al-
pha diversity and beta diversity are the
two most used diversity metrics. Alpha
diversity measures the biodiversity within
a sample and includes richness and even-
ness (Figure 3). Richness is the sum of
observed features (OTUs, genus, spe-
cies, genes) in the sample while evenness
measures the proportion or distribution of
each observed feature within the sample.
Statistical indices used to measure alpha
diversity include Chao 1, Shannon, and
Simpson indices. The Chao 1 index incor-
porates only richness, while the Shannon
and Simpson indices consider richness and
evenness (reviewed in [41]).

Beta diversity describes the diversity among
samples within a study (Figure 4). The two
most used methods are Bray Curtis and Uni-
Frac (unweighted and weighted). Bray Cur-
tis compares the presence and frequency of
an observed taxon shared among samples.
Unweighted UniFrac incorporates the phy-
logenetic diversity between samples and
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Figure 3: Example alpha diversity plot adapted from:
Human Microbiome Project Consortium. Structure, function,
and diversity of the healthy human microbiome [32].

focuses only on richness, while weighted
UniFrac incorporates both richness and
evenness (reviewed in [41]).

NGS remains the tool of choice to sur-
vey the microbiome, detailing the iden-
tity, relative abundance, and diversity of
microorganisms in skin samples. Increas-
ingly, microbiome studies are focused on
determining the role or function of skin
microorganisms in skin health. Shotgun
metagenomic sequencing provides some
insight into the functional profile of the mi-
crobial community by analyzing all genes
in a sample. To gain deeper insights into
function, technigues such as metatran-
scriptomics, which profiles genes that are
expressed, and metabolomics, which pro-
files the metabolites present in a sample,
can be used [42]. One way to better under-
stand the function of microorganisms is to
have a culture of those microorganisms to
conduct phenotypic analyses. This has led
to the development of culturomics, which
creates high throughput culturing condi-
tions to identify the conditions needed
to grow microbial community members,
especially previously unknown members,
identified in metagenomics [43].

Safety and Regulatory Considerations
As with any other cosmetic and personal
care product, cosmetic products with pre-
biotic, probiotic, or postbiotic ingredients
must be safe for consumer use throughout
their entire life cycle. Each ingredient type
presents unique safety and regulatory chal-
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lenges; some challenges will significantly
differ from those of current non-micro-
biome-related ingredients. Safety should
be established as currently practiced for
other cosmetics while introducing new
safeguards where necessary. This may in-
clude expert development, validation, and
application of new test methods.

Prebiotic or postbiotic ingredients are not
fundamentally different from any other
cosmetic ingredient. In fact, many pre-
biotic ingredients, such as sugars, amino
acids, vitamins, and minerals, are already
commonly used as cosmetic ingredients.
Postbiotic ingredients are protein-based
materials, which are also a well-estab-
lished ingredient in the industry.

Onthe other hand, probioticingredients and
cosmetics pose a more significant challenge
to evaluate for safety, produce, and mar-
ket. Probiotic cosmetics will contain viable
(active or dormant) microorganisms, which
may exceed established microbial limits for
cosmetics. According to the FDA's Bacte-
riological Analytical Manual (BAM) and 1SO
Standard 17516:2014, the acceptable lim-
its for total non-pathogenic microorganisms
in cosmetics are 100 CFU/g or mL in eye
area products and 1000 CFU/g or mL for
other products. Furthermore, the US Food,
Drug, and Cosmetic Act (FD&C) considers
a cosmetic product to be contaminated or
adulterated "if it contains any poisonous or
deleterious substance which may render it
injurious to users under the conditions of use

© 2024 International Federation of Societies of Cosmetic Chemists

Figure 4: Example beta diversity plot adapted from:
Human Microbiome Project Consortium. Structure, function,
and diversity of the healthy human microbiome [32].

prescribed in the labeling thereof, or under
such conditions of use as are customary or
usual...”. Microbial contamination that s in-
jurious to health is considered a ""poisonous
or deleterious substance”’. Therefore, a pro-
biotic or any other microbial-based ingre-
dient that is proven safe, non-pathogenic,
and within the established microbial limits
would be considered uncontaminated or
unadulterated.

To ensure the safety of probiotic prod-
ucts, manufacturers should ensure the
formulated microorganism strain is free
of any contaminating strains, especially
pathogens, and establish the product’s
use-life during which the strain maintains
its characteristics. If needed, the manufac-
turer should also address required storage
conditions and consider detailed and clear
use instructions and any significant cau-
tions on the product’s label.

Manufacturers of probiotic cosmetics must
ensure and justify the safety of their prod-
ucts and demonstrate that the added pro-
biotic strains are not acting as inoculation.
Additionally, preserving cosmetic products
with probiotics will be challenging as our
current standard preservative systems will
likely render strains inert. To overcome the
challenge of preserving probiotic cosmetics,
formulators, and microbiologists will need
to develop innovative solutions. This may
involve using a combination of gentler pre-
servative systems, as well as adjusting pH
levels or water activity. Packaging solutions
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such as lyophilization, single-use contain-
ers, airless pumps, bag-on-valve packag-
ing, manufacturing processes like aseptic
processing, and proper storage conditions
like refrigeration, can also play a vital role in
preserving the quality and safety of probiotic
cosmetics. It is worth noting that selective
prebiotic substances may enhance the po-
tential for contamination in the manufactur-
ing and production environment. Therefore,
tighter standards in storing and compound-
ing these substances may be required to
avoid contamination.

Currently, no global regulations or require-
ments specifically address microbiome-fo-
cused cosmetics or cosmetic ingredients
intended to provide a cosmetic benefit. As
discussed above, the ICCR’s Microbiome
and Cosmetics taskforce represents an in-

ternational effort to increase understand-
ing of cosmetics products that focus on
the skin microbiome. In the United States,
the FDA will categorize skin microbiome
products as either cosmetics, drugs, or
other categories based on their overall po-
sitioning or claim. The FDA defines a cos-
metic as “a product (excluding pure soap)
intended to be applied to the human body
for cleansing, beautifying, promoting at-
tractiveness, or altering the appearance”.
A drug is any product “intended for use in
the diagnosis, cure, mitigation, treatment
or prevention of disease” or any product
“intended to affect the structure or any
function of the body of human or other
animals” (FD&C Act, 201 (g) (1)).

Manufacturers may face legal, regula-
tory, and public relations challenges if

Categorization of Microbiome Focused Ingredients

s it Intended to
be utilized by the
in Microbiome

s it of Microbial
Origin

sit Intended to
be utilized by the
in Microbiome?

PROBIOTIC POSTBIOTIC

ORDINARY

RREBIOTC INGREDIENT

Figure 5: Schematic to determine if an ingredient is a prebiotic, probiotic, postbiotic, or just an

ordinary cosmetic ingredient. (See definitions in Table ). For ingredient examples that may be

pre-, pro-, and postbiotic refer to Table II.
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they use unsubstantiated or vague skin
microbiome-related claims. Companies’
marketing, regulatory, and legal entities
must work together to ensure the validity
of promoting their microbiome-themed
products to consumers, which is crucial in
building consumer trust in science. Under-
standing the regulatory framework early
in marketing these products can minimize
commercial risk and ensure regulatory
compliance. Itisimportant to keep in mind
that the recent enactment of the Mod-
ernization of Cosmetics Regulations Act
of 2022 (MoCRA) indicates that govern-
mental review may increase in the future.

DISCUSSION AND CONCLUSION

Research has shown that the diverse
and unigue microbial communities con-
stituting the human microbiome play a
significant role in health. The skin and
its microbial community protect and sup-
port the human body, protecting against
pathogens and environmental damage.
As the importance of the microbiome to
human health is increasingly recognized,
this informational guidance is intended
as an introductory reference to facilitate
further exploration of the potential ben-
efits of microbiome-based ingredients
and products on the skin. Personal care
or cosmetics products can be designed to
maintain the skin microbiome by incorpo-
rating prebiotics, probiotics, or postbiot-
ics ingredients.

In addition to claim substantiation, the
regulation of microbiome technologies
and products will be partly driven by a
material’s ingredient or product catego-
ries, which fall into those described by the
flowchart below (Figure 5). Those materi-
als composed of live microorganisms (i.e.,
probiotic category) may also be consid-
ered in a separate category with biologi-
cally sourced products. Some examples of
prebiotic, probiotic, and postbiotic ingre-
dients are shown in Table Il below.

Even as this guideline provides high-level in-
sight into the rapidly evolving market by de-
fining terminology and currently available
technologies for products that enhance or
modify the skin microbiome, it raises aware-
ness for future regulatory and manufactur-
ing concerns for these cosmetic products.
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Table II: Example Ingredient Types. The skincare market has embraced distinct approaches,

targeting the skin microbiome on three different fronts in the market and using multiple types

of ingredients or strategies. Examples are listed below.

Ingredient Type

Examples

Probiotics

Probiotics of lactic acid-forming bacteria like Lactobacillus, non-lactic acid forming
bacteria like Staphylococcus epidermidis, and yeast such as Saccharomyces.
Proprietary mixtures (viable or likely viable): e.g., a preparation containing Bacillus
coagulans, a mixture of Lactobacillus acidophilus and Bifidobacterium bifidum.
Viable undefined microorganisms such as yogurt or yogurt powder that were not

heat-inactivated.

Prebiotic

Carbohydrates: Alpha-glucan oligosaccharide, Fructooligosaccharides (FOS), Fructose,
Inulin, Fiber, Beta-glucans, Maltodextrin, Mannose, Inositol, Galactoarabinan.
Plant- or Algae-derived ingredients: Avena sativa (oat) kernel extract/flour/oil, Viola
tricolor (wild pansy) extract, Cocos nucifera (coconut tree) extract, Salvia hispanica
(chia) extract, Allantoin, Polymnia sonchifolia (yacén daisy) root juice, Cyathea
cumingii (fern) leaf extract, Morinda citrifolia callus (noni) culture lysate, Chlorella
vulgaris extract, Parachlorella beijerinckii exopolysaccharides (alguronic acid),
Kappaphycus alvarezii extract, etc.

Vitamins or pro-vitamins: Tocopherol, Niacinamide, Panthenol.

Postbiotic derivatives: Rhamnose-rich polysaccharide, Ectoin, Saccharomyces/rice
ferment filtrate, Pseudoalteromonas exopolysaccharides.

Amino acids and peptide derivatives: Hydrolyzed yeast protein, Glutamic acid.
Organic acids: Lactic acid, Citric acid.

Minerals and metals: Selenium, Oligo-elements, Strontium.

Postbiotic

Ferments, lysates, extracts, filtrates, or any combination of these ingredients that
have been obtained by means of probiotic bacteria (Bacillus, Bifidobacterium,
Lactobacillus, Lactococcus, Vitroscilla, Streptococcus thermophilus, Leuconostoc) or
fungi used primarily as fermentation facilitators (Saccharomyces, Candida bombicola,
Kloeckera, Hansenula-Pichia, and Aspergillus).

Non-viable microorganisms (inactivated/heat-killed), mostly lactic-acid forming
bacteria: Enterococcus faecalis, Lactobacillus (paracasei, casei, acidophilus),
Lactococcus, or Vitroscilla filiform. Non-viable microorganisms may also have a
prebiotic effect.

Metabolic products/by-products (isolated): bacteriocin extract, endolysins, Ectoin,
succinic acid, lactic acid, sodium hyaluronate, and milk proteins.

Bioferments: Microbial products obtained via enzymatic actions, typically by bacteria
and yeast, which break large, complex molecules into smaller, simpler ones.

Filtrate: Bioferment filtrates are another variation of bioferments. Most are water-
soluble and hence, can be readily incorporated into a wide range of skin and hair care
formulations.

Cell lysate: Bacterial lysates are produced by inducing stress and rupturing the
bacterial cell, rendering it non-viable. The ruptured cell then releases its valuable
intracellular components, providing the benefits of the live bacteria without the live

bacteria.

Manufacturers of cosmetics and personal
care products are aware that depending on
the product category and claims, the regu-
lation of these products can differ. Some
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may be regulated as cosmetics, and some as
drugs. Therefore, the functions of products
that modify or enhance the skin microbi-
ome should be well-defined.

© 2024 International Federation of Societies of Cosmetic Chemists

Products that support the microbiome
by adding a prebiotic or postbiotic will
perhaps have simpler designs and fewer
hurdles than products containing live pro-
biotic organisms. Some questions have
been raised regarding probiotics in cos-
metics, and many of these guestions still
need to be answered. For example, many
global regulatory agencies and pharma-
copeia, such as the FDA, EMA, USP, and
Ph. Eur., require the characterization of
the microbial profile (bioburden) of prod-
ucts and documentation of the efficacy of
preservatives. If the product is designed
to contain a live organism, traditional mi-
crobial limits, and bioburden assays will
not be appropriate or sufficient. The NGS
technologies discussed herein may offer
the solution for necessary testing, and an
additional validation burden for this alter-
native test would need to be assumed.
Likewise, evaluating the use and necessity
of preservatives is essential to determine if
they are needed in the case of probiotic-
based products and if they are detrimental
to the product and claims of safety or effi-
cacy. The extent of these safety or efficacy
claims will also determine how a product
is reqgulated, whether as a cosmetic or a
drug. In addition to the consideration of
safety for the consumer, there are consid-
erations such as shelf life and storage con-
straints for these products, the impact on
the live organisms, or even the presence
of spores, and the critical quality attributes
of the products.

It is becoming increasingly common to find
personal care and cosmetic products that
contain prebiotics, probiotics, or postbiot-
ics in the market. However, the use of such
products can have both intentional and
unintentional effects on the skin micro-
biome. Given that the microbiome plays
a crucial role in maintaining healthy body
functions and that it persists throughout
our lifetime, it is important to exercise
diligence when developing microbiome-
focused personal care products.
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