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Abstract: In this paper we aim to help topical probiotics research and development achieve its po-
tential as an incredible future solution for skin problems by investigating whether the current prod-
ucts on the market satisfy criteria for safe and effective use on the skin microbiome. As previously
defined, this includes whether they use microbes known to be part of a healthy skin microbiome
and in healthy amounts. In addition, we evaluate whether they contain live microbes, and therefore
can be classified as probiotics according to the WHO’s definition. Using recent market analysis at
least 84% of products do not contain live microbes. Of the products that appeared to use live mi-
crobes, they contained those used in research and development of probiotics for the gut. Due to the
varying composition of each person’s microbiome, there is not a one size fits all probiotic solution.
Personalisation of probiotics products is essential to satisfy the criteria for safe and effective use, but
none of the products on the market, understandably, offer this. Upsetting the delicate ecosystem
balance of the skin microbiome could have damaging effects and regulation could help to stop a
loss of trust between consumers and cosmetics industry. Future work will perform an in-depth eval-
uation of the topical probiotics on the market in the EU, USA, and Canada. We will also investigate
how to move the topic closer to achieving its potential by updating the criteria, including by dis-
cussing how to measure the success of a probiotic solution.

Keywords: topical probiotics; skin microbiome; probiotics; biodiversity; microbiome; skin allergy;
cosmetics

1. Introduction

In this paper, we analyse the current commercial topical probiotics on the market to
determine whether they pass the criteria for the safe and effective use as defined in previ-
ous work [1]. We also discuss whether they contain live microbes, can therefore be called
probiotics in accordance with the WHO'’s definition, and the implications of this. The
growth in commercial topical probiotics brings with it the responsibility for companies to
develop products that will, at the very least, do no harm. More importantly they should
be shown to benefit the skin. Currently, it is a mistaken assumption that anything mar-
keted under the “probiotics’ banner is immediately health giving [2].

But what is the end goal for probiotics? Without this definition, there is no way to
objectively determine and improve their efficacy. We believe that the overall aim of pro-
biotics should be to improve the health and diversity of the microbiome because ecosys-
tems across nature exhibit higher biodiversity when healthier [3,4]. A damaged skin mi-
crobiome, decreased in biodiversity, has been linked to most common skin problems [3,5-
12], however, whether it is a cause or a symptom remains to be determined.

Probiotics in the gut have been linked with beneficial effects, including the preven-
tion of pathogen adherence, antimicrobial properties and controlling illness [13,14]. In
comparison, the same research focus the skin is virtually unheard of [15-18]. Topical pro-
biotics, or the application of live microbes to the skin, is a method that has incredible
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potential for restoring our skin to levels of health and biodiversity seen on our ancestors
and as a treatment for skin diseases linked to a dysbiotic microbiome [1,14]. Recently, their
use has been linked to improving skin conditions such as acne, atopic dermatitis, wound
and burn healing, psoriasis, and rosacea [15,19,20].

However, it is important to note that probiotics could also potentially disrupt the
delicate microbiome balance and reduce biodiversity. The artificial addition of organisms
to an ecosystem without understanding the exact numbers and which type to introduce,
has produced catastrophic effects across nature throughout human history [1]. For hu-
mans, this is made even more complicated by the fact that everyone possesses a “virtually
unique’ microbiome that also varies between body sites [21-23].

Previous work has warned against the use of probiotics without proper implementa-
tion [1,24], that universal health benefits are a falsehood [2], that side effects remain a
concern [16,25], and a growing problem is unsubstantiated therapeutic claims [16,26].

Therefore, we begin the paper with an analysis of current commercial probiotic prod-
ucts.

2. Analysis of Commercial Topical Probiotic Products in North America

Previous work summarised 50 of the products on the market in North America cate-
gorised as ‘probiotics’ using two of the largest cosmetics retailers’ databases [27]. As this
work was published in 2021, the analysis is recent enough to give an accurate representa-
tion of the market. Table 1 is taken from their paper, and we added extra columns to indi-
cate whether products contain live microbes and whether they have been personalised.

The term “personalised” used in column five of Table 1 is used to indicate whether
the probiotics products are tailored to individual consumers’ microbiomes. The skin mi-
crobiome varies so drastically from person to person that each human is thought to pos-
sess a ‘virtually unique’ microbiome and there is also large variation between body sites
[21-23]. Therefore, adding the same microbe(s) to two different microbiomes would not
necessarily have the same outcome. Ecosystems are governed by non-linear physics prin-
ciples and therefore there are no foregone conclusions nor are reproducible results ex-
pected [3,28]. To sum up, a successful probiotic solution for one person will not necessarily
be a success for another. Therefore, it will be crucial to tailor probiotic solutions to the
individual in the future [1].
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Table 1. A list of commercial topical probiotic products in the EU and UK adapted from previous
work [27]. * “Bifida ferment lysate” is the name given to a lysate from Bifidobacterium longum reuter

[29].

PrCoodduect Type ‘Probiotic’ Used Live/Non-Live Pes:;,?al-
1 Balm Lactococcus ferment lysate Non-Live No
2 Balm Lactobacillus ferment Non-Live No
3 Cleanser Bifida ferment lysate * Non-Live No
4 Cleanser Lactobacillus ferment Non-Live No
5 Cleanser Lactobacillus ferment Non-Live No
6 Cleanser Bifida ferment lysate * Non-Live No
7 Cleanser Lactobacillus ferment Non-Live No

Lactobacillus ferment, Lactococcus ferment lysate, Bifida ferment lysate .

8 Cream . . . Live? No

, Lactobacillus, Streptococcus thermophilus ferment
9 Cream Lactobacillus ferment Non-Live No
10 Cream Lactobacillus ferment Non-Live No
11 Cream Lactobacillus ferment Non-Live No
12 Cream Bifida ferment lysate * Non-Live No
13 Cream Lactobacillus ferment Non-Live No
14 Cream Bacillus coagulans Live? No
15 Cream Lactococcus ferment lysate Non-Live No
16 Cream Lactobacillus ferment Non-Live No
17 Cream Lactobacillus ferment lysate Non-Live No
18 Cream Lactobacillus ferment Non-Live No
19 Cream Bifida ferment lysate * Non-Live No
20 Deodorant Saccharomyces ferment filtrate Non-Live No
21 Foundation Lactobacillus ferment Non-Live No
22 Foundation Lactobacillus Live? No
23 Foundation Lactococcus ferment lysate Non-Live No
24 Gel Lactococcus ferment lysate Non-Live No
25 Gel Lactobacillus, Lactococcus ferment extract Non-Live No
26 Gel Leuconostoc ferment filtrate Non-Live No
27 Gel Lactococcus ferment lysate Non-Live No
28 Gel Lactobacillus, Greek yogurt, yogurt, yogurt powder Live? No
29 Mask Lactobacillus, Greek yogurt, yogurt, yogurt powder Live? No
30 Mask Bifida ferment lysate * Non-Live No
31 Mask Lactococcus ferment lysate Non-Live No
32 Mask Lactococcus ferment lysate Non-Live No
33 Mask Lactobacillus ferment Non-Live No
4 Mask Luctobacillzs fermentf Lactococcus ferment lysate,' Bifida ferment lysate Live? No

, Lactobacillus, Streptococcus thermophilus ferment
35 Exfoliant Lactobacillus ferment Non-Live No
36 Exfoliant Lactococcus ferment lysate Non-Live No
37 Primer Saccharomyces ferment filtrate Non-Live No
38 Exfoliant Lactobacillus ferment lysate, Leuconostoc ferment filtrate Non-Live No
39 Exfoliant Saccharomyces ferment filtrate Non-Live No
40 Exfoliant Lactobacillus ferment lysate, Leuconostoc ferment filtrate Non-Live No
41 Serum Lactococcus ferment lysate Non-Live No
o Serum Luctobacilli:s fermentf Lactococcus ferment lysate,' Bifida ferment lysate Live? No

, Lactobacillus, Streptococcus thermophilus ferment
43 Serum Lactobacillus bulgaricus ferment filtrate Non-Live No
44 Serum Bifida ferment lysate * Non-Live No
45 Serum Lactobacillus ferment extract Non-Live No
46 Serum Bifida ferment lysate * Non-Live No

47 Serum Lactobacillus Non-Live No
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48 Serum Bifida ferment lysate * Non-Live No
49 Soap bar Bifida ferment lysate * Non-Live No
50 Soap bar Yogurt Non-Live No

3. Are These Products Probiotics?

The World Health Organisation (WHO) defines probiotics as “living microorganisms
which, when administered in adequate amounts, confer a health effect on the host” [19].
We explain in the subsequent sections, some products on the market call themselves the
name without containing live microbes or passing a universal test to determine whether
they will confer a health benefit to each individual consumer. This means many products
using the title do not qualify as a probiotic and mislead consumers who often immediately
associate them with health benefits.

The first and most important prerequisite of probiotics is that they contain live mi-
crobes. Therefore, in this section we answer the following two questions regarding the
products in Section 2: Do they contain live microbes? Why is this important?

3.1.84%. of Products Do Not Contain Live Microbes

Of the products listed in Table 1, only 16% of products appeared to contain live mi-
croorganisms and the other 84% contained ingredients like ferments, lysates and extracts,
common in so-called probiotic products [30]. The results are depicted in Figure 1. So, if
they don’t contain live microbes, what does that classify them as? These ‘probiotic-de-
rived’ compounds all appear to fall under the postbiotics banner. This term means “effec-
tor molecules derived from probiotics by bacterial secretion or released after lysis” [31].
They can have similar properties to their parent probiotics [15,32,33] and the idea behind
their use is to obtain the benefits of probiotics without the risk of administering living
microbes [15]. Lysates contain the products of lysis, which is the breaking down of the
membrane of a cell, often using strong detergents, high-energy sound waves or infection
with a virus that compromise its integrity [34]. These are contained in a fluid and is classed
as a bacterial ‘extract’ [35]. They do not contain live organisms [36]. Future work will elab-
orate on the different probiotic derived compounds.

There are transparency issues that arise from the issues described here; if the con-
sumer receives a product containing microbes that are dead, it is significantly different to
their perception based on the ‘probiotic’ name tag and official definition. Misleading mar-
keting also exists in the ‘natural” cosmetics industry, where ‘natural’ cosmetics products
have been found to contain over 70% synthetic ingredients [11]. Labelling and claims reg-
ulation could help prevent a disconnect between consumers and the cosmetics industry.
The food industry is ahead in this regard; the European Food Safety Association (EFSA)
does not allow health claims attached to probiotic products and the sale of any products
called a “probiotic’ because it constitutes an “unauthorised health claim” [37].

Figure 1. Graph (a) shows the percentage of products summarised in Section 2 which contain live
(light blue) and non-live (red). (b) shows the products broken down into what they contain.

3.2. Why is This Important?

While the differentiation between live and non-live microbes may seem pedantic, the
difference between live microbes, which have the ability to colonise the skin surface [14],
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and dead ones appears significant. Microbes on a healthy skin microbiome live in mutual
symbiosis with the host which means that the interactions with the ecosystem are benefi-
cial to both parties [38—40]. Although there have been many beneficial health outcomes
associated with their use [41,42], we argue it could be a natural hypothesis to suggest that
probiotic-derived substances may not have the long-lasting effects on the ecosystem that
live ones would have if introduced correctly [1]. This would need to be investigated in
more detail in future work. To offer a perspective on this issue which may aid visualizing
the difference, previous work used the re-introduction of the wolves to Yellowstone Park
as an example of an incredibly successful “probiotic” solution that transformed the ecosys-
tem [1,3]. Where the wolves represented live microbes being introduced to the skin Even
though the mechanisms are different, the analogy of adding carcasses of dead wolves in-
stead of live ones to Yellowstone Park conveys the idea of postbiotics. It might have some
benefit in the short term by providing food for various animals, but in the long term,
would dead wolves lead to the systemic and far-reaching ecosystem transformation trig-
gered by the re-introduction of the wolves? When the wolves died out, the Elk were one
of the main sources of damage to the park, mainly because their swelling population re-
sulted in overgrazing. Dead wolves would likely do little to curb this, as only living
wolves would have been able to keep their numbers at a non-pathogenic level, and keep
the ecosystem balance in check.

If the industry is to evolve as is needed, the research that underpins its ideas should
lead the way. Just like in the industry, the conflation of probiotics and postbiotics is also
apparent in some research. The use of ‘heat-treated’, ‘denatured’, ‘deactivated’, or ‘soni-
cated’ microbes in topical probiotics studies implies there may be some confusion about
the importance of live microbes and their incredible potential for transforming the skin’s
ecosystem [15,43-47]. Some studies explicitly define probiotic solutions as those that use
‘inactivated microbial biomass of beneficial bacteria’ [48]. A further study which used a
Lactobacillus strain as a “probiotic’ described the microbes as ‘heat-treated” and ‘non-repli-
cating’ [43].

Further confusion might arise from the lack of a clear goal. One study stated that
probiotics are not intended to take a foothold on the skin [49]. In this case, what is their
purpose apart from a small, short-term effect that may require ‘topping up’? The example
of the re-introduction of the wolves to Yellowstone Park shows how the colonisation of
healthy amounts of known beneficial organisms can transform the health of an ecosystem
including the skin microbiome [1,3]. Therefore, it is vital that scientists and companies
understand the importance and potential pitfalls of the addition of live microbes.

3.3. Formulation Issues with the Inclusion of Live Microbes in Commercial Products

The regulations for selling cosmetics in the EU state that they must pass microbiolog-
ical and stability tests [50]. This means products must have effective preservatives and
other additives that inhibit the growth of microbes and keep the formulation stable. As a
result, it makes the production of a commercially viable cosmetics product that contains
live microbes for the duration of its shelf life very difficult. Furthermore, it remains chal-
lenging for products containing live microbes to successfully deliver them to the skin.

In the USA, the FDA states “Neither the law nor FDA regulations require specific
tests to demonstrate the safety of individual products or ingredients." [51]. Even though
the same regulations as in the EU don’t exist, products often contain many ingredients
that would inhibit live microbes, as a way of extending shelf life. Counter-intuitively, the
antimicrobial effect may be even more pronounced in some American products because
fewer regulations on ingredients may allow the use of harsher preservatives and addi-
tives. These reasons highlight why commercial probiotics often contain no live microbes
and instead contain ‘denatured” heat-killed versions, or bacterial lysates and extracts [27].
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4. Do Probiotics Products Satisfy the Criteria for Safe and Effective Use?

The addition of organisms can be beneficial or detrimental to an ecosystem depend-
ing on how it is implemented [1]. The addition of incorrect numbers or the wrong type of
microbe can damage the microbiome. Therefore, in this section we review the products
which appear to contain truly live microbes Section 2 to investigate whether they are ac-
ceptable under the guidelines of a previous set of criteria for safe and effective use of top-
ical probiotics.

4.1. The Criteria

The re-introduction of wolves to Yellowstone Park is a macro-scale example of an
extremely successful probiotics solution to a damaged ecosystem [1]. It was a success be-
cause of two reasons. Firstly, the Wolves were known to be an integral part of the ecosys-
tem before being re-introduced. Secondly, the park rangers knew the exact number of
wolves that were stable in the ecosystem and that contributed a positive effect to it.

It could also very easily could go the other way and cause significant damage. Exam-
ples of this are the introduction of Japanese knotweed (Fallopia japonica) and the ash die-
back (Hymenoscyphus fraxineus) fungus to the UK [1,52,53]. Based on the lessons learned
from the two opposing outcomes, the following set of criteria was created which the au-
thors stated should be satisfied to ensure that administering live microbes firstly does no
harm, and secondly increases biodiversity and positively impacts skin microbiome health.
These are as follows:

1. Make sure that the microbes to be introduced are known to be important constit-

uents of a healthy skin microbiome on the specific person and body site.

2. Make sure that the microbes are introduced in numbers that are known to be

stable on a healthy skin microbiome of the individual and specific body site.

In this section, we evaluate whether the products in Section 2 satisfy these criteria.

4.2. Are the Microbes Used in the Products in Section 2 Known to be Important Constituents of a
Healthy Skin Microbiome?

According to the previous work the evaluation of commercial probiotics was taken
from, 8 of 50 products contained live microbes. This is shown in Figure 1. For the purposes
of this study, we take their assessment at face value, despite the difficulties surrounding
the inclusion of live microbes in commercial topical probiotics due to formulation issues
we described in Section 3. In future work, we will conduct a larger study of the commer-
cial topical probiotics on the market in the UK, EU and USA which will properly evaluate
live microbe claims. Table 2 and Figure 3 show that, of the eight products containing live
microbes, seven of them, 87.5%, were Lactobacillus and one product, 12.5%, contained Ba-
cillus coagulans.

4.2.1. Lactobacillus

There is some debate on the topic, with some work stating it is potentially endoge-
nous [54,55] but contrasting research describes how it is thought Lactobacillus is rarely
found and may not primarily belong on a healthy skin microbiome [56]. An argument for
Lactobacillus being an important constituent of healthy skin is that, as an integral part of
the vaginal microbiome, babies have the bacteria transplanted onto their skin by their
mother at birth [57]. However, questions remain around whether it would remain on the
skin as children grow up, or it is depleted. It has also been shown that Lactobacillus strains
were not able to colonise the skin for a long period of time [58]. This could suggest that it
may not be an important part of a healthy skin microbiome.

It is the most commonly used microbe in ingestible probiotics for the gut microbiome
and has been subject to a large amount of research with many positive study outcomes
observed, such as enhancing the integrity of the intestinal barrier, modulating intestinal
immunity, improving neurological conditions, sleep quality, diversity of the gut microbi-
ome, and helping alleviate skin problems [59,60]. Therefore, is it used in topical products
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because it was used for the gut microbiome? The skin and the gut microbiome, despite
being governed by the same non-linear physics principles, are different in composition
[61].

Topically applied live Lactobacillus strains have been associated with improvements
in skin conditions such as reducing acne lesions, improving burn and wound healing and
their infections, foot ulcers, and more [19,45,54]. Further work has investigated the effect
of topically applied heat-treated, non-live Lactobacillus johnsonii NCC 533. The first found
“applying the lotion for 3 weeks controlled S. aureus colonization and was associated with
local clinical improvement” [43], and the second reported a lotion could benefit atopic
skin by enhancing the skin’s innate immunity and reducing S. aureus colonization [62].
More work is needed; a successful solution should be assessed by its ability to provide
lasting beneficial effects, instead of short-term ones which may cover up symptoms in-
stead of deal with the underlying cause.

4.2.2. Bacillus coagulans

Bacillus coagulans is another example of a microbe that has been used in research and
development for ingested probiotics [63]. It is thought to be used due partly to its high
tolerance of extreme environmental conditions compared to more conventional probiotics
such as Lactobacillus spp. [64]. It was found to be stable in static gut model conditions [65].
Research has reported beneficial effects of its use internally, such as the promotion of in-
testional digestion, the inhibition of pathogenic bacteria, the boosting of the immune sys-
tem, and the alleviation of human diseases such as IBS, obesity and depression [66]. How-
ever, several studies have reported that it struggles to colonise in the mammalian intesti-
nal tract and therefore has only a transient effect [67,68]. So, if it does not properly take a
foothold internally where it is more suited, then would it not encounter the same problem,
if not more exaggerated, on the skin?

We only found one study which dealt with topically applied Bacillus coagulans; it re-
ported that application with a cream containing the microbe exhibited antimicrobial ef-
fects and reduced acne symptoms [69]. However, it was a ‘ferment filtrate extract’ which
means it was not in live form.

Its use in topical applications would need to be assessed because of the differences
between the skin and gut microbiomes. The pH which allows optimum Bacillus coagulans
growth is 5.5-6.5 and the optimum temperature is 35 to 50-C [63,70]. The pH of healthy
skin is much lower at 4-4.5, so this could signal that Bacillus coagulans may not be a part of
healthy skin, neither would it be likely to take a foothold if the conditions on the skin are
so different to those that promote its growth [11,40]. Maybe the aim is not for it to colonise
at all?

4.2.3. What Works in the Gut May Not Benefit the Skin

Decisions on which microbes to use in topical probiotics research and product devel-
opment appear to be based on results from the gut microbiome. Comparisons between
the skin and gut are useful for conveying concepts to a wider audience because the gut
microbiome is far more familiar to consumers. However, microbes display different be-
haviours under different ecosystem conditions and their behaviour depends on the over-
all health and biodiversity of the microbiome [3,71,72]. Therefore, applying the same mi-
crobes used in probiotics for the gut, to the skin, may not be useful, and could be damag-
ing.

More work would be needed to confirm whether Lactobacillus and Bacillus coagulans
are part of a healthy skin microbiome, and that they are safe. However, if not, it is difficult
to predict how the resident microbial communities would react when repeatedly intro-
ducing microbes that are not part of a particular region. The assumption that what works
for the skin will also work for the gut misunderstands that the two ecosystems are pro-
foundly different in composition [61]. The same is true for the introduction of any organ-
isms that are non-native to an ecosystem. Previous work describes the catastrophic
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damage done to ecosystems by the introduction of non-native species, whether it was ac-
cidental or intentional [1,3,73,74]. Well-known examples of this ecosystem interference in-
clude the introduction of Japanese knotweed (Fallopia japonica) to the UK and the cane
toad to Australia [52,75]. It is likely that the skin is no different.

Lastly, if these microbes used internally may not be suitable for the skin, which ones
could be used? This may depend on the person, body site and particular issue. For exam-
ple, sebaceous areas of the body such as the glabella (forehead) crease are dominated by
Propionibacterium species, with Staphyloccocus second with regards to relative abundance
[76]. In moist areas, bacteria that thrive in humid environments, such as Staphylococcus
and Corynebacterium species, were more abundant in moist areas such as the feet [76].
Research for the gut has suggested that, just like in Yellowstone Park, a solution to biodi-
versity loss and problems could be re-introducing “key bacterial predators” that have
been reduced by western lifestyle [77]. Further work would be needed to investigate this
novel idea for the skin and identify potential ‘predators’.

Table 2. The products from Table 1 which contain live microbes according to the study it was
adapted from [27].

Product Code Microbe

8 Lactobacillus
14 Bacillus coagulans
22 Lactobacillus
28 Lactobacillus
29 Lactobacillus
34 Lactobacillus
42 Lactobacillus
43 Lactobacillus

Figure 2. Types of microbes within the products containing live microbes.

4.3. Are the Microbes Within the Products in Section 2 Being Introduced in Healthy Amounts
that are Tailored to the Individual?

Understandably, each product described in Table 1 has not been tailored to the skin
microbiome and body site of the individual using it. We note it is incredibly difficult to
create a mass market product that can be tailored to each individual and the body site
being targeted [27].

It remains to be concluded whether the repeated introduction of large numbers of
microbes to the skin, especially non-native and potentially invasive ones, would have
some transient benefit, or whether in the long run, the biodiversity would be reduced, and
its colonisation resistance would break down. The latter is a possibility as the introduction
is blind and without careful calculation. Upsetting the delicate balance can have cata-
strophic effects and could potentially lead to dysbiosis on the skin, a condition linked to
many skin ailments [3]. Therefore, future work should investigate what benefit could be
achieved by doing this?

Furthermore, at our current level of knowledge the exact composition of a healthy
skin microbiome is unknown, which means a safe and effective solution would be difficult
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to achieve [1,3,88]. This is because every human has a virtually unique microbiome and
high intra-personal variation between body sites [3,21-23,89]. Therefore, it is likely, per-
sonalised or not, that the wrong amounts of microbes are being added to the skin from
topically applied commercial probiotic products.

4.4. Preservatives and Other Cosmetic Ingredients

Another concern is the potential allergic reaction caused by consistent contact with
synthetic ingredients that make up the remaining cosmetic formulation [16]. The use of
preservatives and other additives in everyday cosmetics are thought to damage the skin
microbiome because the human body has not encountered these substances for the ma-
jority of our c. 300,000 years of existence, and could interpret them as “alien’ [3,11,81,90].
Using synthetic ingredients in ‘probiotic’ cosmetics every day could further upset the del-
icate skin microbiome balance. For example, they can raise the skin’s pH, which decreases
the biodiversity [91] and leads to dispersal of resident bacteria from the skin which allows
pathogenic bacterial and fungal growth [3,10].

4.5. Regulation

Regulation is needed to make sure consumers know exactly what they are purchas-
ing [16]; a first step could be to mirror the food industry standards [92]. If left un-
addressed, it could lead to divide between consumers and the industry.

5. Alternatives to Topical Probiotics and Questions to Answer in Future Work
5.1. What are the Alternatives to Topical Probiotics?

While the knowledge gap regarding the composition of a healthy microbiome is filled
in, it could be beneficial to pursue some other skin microbiome enhancing techniques. The
main one is very simple. If plants are struggling to grow in a garden, the gardeners often
replace the soil to create the right conditions. The “probiotic’ route of planting more flow-
ers may not be successful if the conditions are not right for their growth. The same may
be possible on the skin, by creating the right conditions for biodiversity to thrive.

A first step could be by stopping exposure to factors in the western world that are
thought to be contributing to biodiversity loss on the human microbiome. The overuse of
antibiotics and steroids, our hypersanitised indoor living environment and overexposure
to everyday cosmetics which contain 21+t century synthetic chemicals, are all thought to
be contributing [3,11,17,23,71,78-85].

Secondly, it may be possible to further recreate the skin’s natural environment
through balancing of the skin’s natural pH and electrolyte levels, re-balancing sebum pro-
duction and regulation (that is crucial to the immune symbiosis), skin cell regeneration
and immune system regulation [40,56,86,87].

5.2. Future Work

One of our goals is to make scientific research more accessible and easier to read.
Research filled with impenetrable scientific jargon is not only off-putting but studies have
shown that it receives fewer citations from fellow researchers too [93]. Therefore, we have
decided to answer just two questions per review.

In follow-up work we will do a larger evaluation of the commercial topical probiotic
products on the market in the EU, USA, and Canada, where there are different regulations.
We will also answer the following questions about the topical probiotics research and de-
velopment. This can assist us in updating the criteria and moving the topic closer towards
fulfilling its incredible potential.

How do we measure the success of a topical probiotics solution? Does focusing on
one aspect out of thousands to do so, misinterpret the true effect [90]? Are observed ‘ben-
eficial’ effects useful if they are only temporary? As demonstrated in Yellowstone Park,
should the long-term effects of probiotics be a priority? Are in vitro studies sufficient to
draw conclusions about a complex ecosystem?
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Are topical probiotics pointless if there are environmental factors in the western
world that will immediately strip the skin microbiome of its biodiversity after application?
Would it be like throwing grass seed on a desert? How do we create the right conditions
on the skin for biodiversity to thrive, if not through topically applying microbes? Due to
the gut-skin axis, would strengthening the gut and skin microbiome together have greater
benefits than one in isolation?

6. Conclusions

In this review of commercial topical probiotic products for the skin microbiome, we
found that the majority, 84%, do not contain live microbes and do not satisfy the WHO'’s
definition to be named probiotics. Furthermore, there is an understandable lack of per-
sonalisation due to difficulties with mass market products, and an incomplete under-
standing of the composition of a healthy skin microbiome. The use of microbes used in
probiotics for the gut that could be alien to the skin also means that current topical probi-
otics products may not fulfill the criteria for safe and effective implementation laid out in
previous work. There is not a ‘one size fits all’ probiotic solution because every human
possesses a virtually unique microbiome and solutions appear to work best when tailored
to the individual. Regulation could help the development of new products along with
protecting consumers and making sure they don’t lose trust in the cosmetics industry.
Despite it having enormous future potential, there is a long way to go before topical pro-
biotics are an effective solution for skin problems and it is proven to be safe and effective
for a mass market. Therefore, in follow-up work we will update the criteria by discussing
how to measure the success of a solution, the need to assess long-term effects as well as
immediate, and alternative restorative methods for the skin microbiome while science
catches up with the idea.
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