
hr'fC

TESTING 141

Efficacy testing of
microbiomeskin care

Christiane Uhl - Courage + Khazaka, Germany
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Figure 1: Skin is a natural habitat for a rich variety of microorganisms.

For years now, we have accepted the idea
that we can nourish our intestinal tract with
dedicated bacterial ingredients from food
supplements and thereby improve our
general health. Books written on this
subject have become bestsellers. But why
should we focus only on our intestinal tract?

There are so many different microbial
communities that can be found on and
inside our body. Especially the colonisation
of the skin being our largest organ, tangible
to the hands, visible to the eye, and in
constant contact with the outside
environment has moved to the front of
cosmetic research. The idea of being a
complex ecosystem is adding to the
existing trend of personalised cosmetics,
and will confirm the customer in their
feeling of uniqueness.

The human microbiome is the collection
of all microorganisms associated with the
human body. It consists of a wide variety of
microscopic life forms, including
eukaryotes, archaea, bacteria and viruses.
The count of microorganism cells in an
average human body is at least as high as
the amount of human cells. The reported
ratio varies, depending on the scientific
sources 1-23

"Because of their small size, however,
microorganisms make up only about 1-3
percent of the body mass," amounting to 1-
3 kilograms in a 100 kg adult.4 These
microbes are generally not harmful to us. In
fact, they have turned out to be essential
for maintaining health. We need them for
breaking down and digesting food and
extracting nutrients indispensable for
survival and wellbeing. They also support
our organism to produce all the vitamins
that we need.5 Recent studies have even
shown that they teach the immune system
how to recognise dangerous invaders and
produce helpful anti-inflammatory
compounds that fight off disease-causing
microbes.6

Even though bacteria represent the
highest number of all life forms on earth, we
only learnt about them in the past
approximately 350 years. The development
of microscopes made them visible to the

eye. Only about 150 years ago, the subject
of medical microbiology was introduced by
renowned scientists such as Louis Pasteur,
Ignaz Philipp Semmelweis, Joseph Lister,
Friedrich Loffler,Paul Frosch and Robert Koch.

Traditional microbiology focuses on the
study of individual species. They are
sampled by biopsy, impression, tape-
stripping, swabbing or rinsing. After
sampling, the retrieved sample is cultured
in different conditions according to the
microorganism that is researched,
sometimes for several days. When the
culturing has been successful, and the
sampled organisms have sufficiently
multiplied for analysis,microscopy and
electron microscopy are the most common
traditional methods applied for
identification. They are combined with
numerous detection methods depending on
the researched species such as Gram staining
and other staining techniques, as well as tests
with fluorescent markers or biochemical tests
that rely on the reaction of the bacterial
enzymes to different reagents. Different
testing methods can also be combined in
available ready-to-use sets.

The culturing conditions will determine if
an organism will survive and multiply. When
the culturing process is stopped, we are
looking at isolated bacterial species flourishing

under the experimentally-produced
conditions, and not at the community of all
bacteria that have been originally sampled.
Only a small portion of bacteria can be
cultured this way. The vast majority has never
been successfully cultured.

The Human Microbiome project,7 started
in 2008, has driven the development of new
analysis techniques, especially advances in
DNA sequencing techniques. Instead of
looking at isolated species, the newly
developed metagenomic methods examine
the entire collection of genomes from a
microbial community sampled straight out

of its natural habitat. There is also no need
for time-consuming cultivation promoting
growth of only specific organisms. Over the
past years, researchers have rapidly
developed ever newer and more advanced
methods for metagenomic tests that have
become relatively easy to use and
inexpensive. The calculation of the results is
widely automatic.

The rapid advancement in the
development of metagenomic methods has
enabled researchers to gain insight into the
microbial associations of the skin and their
functions. Many publications describe the
microbial interaction to create a stable
environment and protect their community
and thereby also the human body from the
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invasion of foreign and potentially harmful
microbes. Other articles examine the
communication of the microbiome with the
human immune system. Many studies have
proven that there is a close link between
skin diseases such as acne and atopic
dermatitis and the skin microbiome. Recent
research indicates that no presence of a
single clearly defined microbial species will
turn out beneficial or harmful, but that it is
the diversity of the microbiome that is
essential for maintaining skin health.8

From these insights, we can conclude that
by strengthening and balancing the microbial
diversity on the skin, skin condition and
health can be improved. On the other hand,
it seems clear that the use of antibiotics and
strong disinfectants and cleaners may lead to
a disruption of the microbial associations and
impair skin health.

Even though the most common
organisms colonising the skin are identified,
the microbiome is dynamic overtime and
diverse within and between individuals.9
You will not find two individuals with exactly
the same microbiome composition, still
their skin in both cases may be quite
healthy. This diversity is attributed to
genetic and demographic properties, age,
gender, ethnicity, skin type, lifestyle,
hygiene, underlying conditions such as
diabetes, immune system, intake of
medication, geographic differences,
environmental stress by temperature,
humidity, seasonal variation, radiation
exposure and pollution, cohabitation with
animals, profession, BMI and many more.
Even short-term contact of the skin with
different materials, for example during the
preparation of meals or exercising a job, or
by touching different surfaces like the
handles of doors or support straps in the
tram, will result in the transfer of transient
and potentially harmful microorganisms. If
these microbes manage to settle and infect
the skin, depends mainly on the resistance
of the resident microorganisms and the
integrity of the skin surface.

Also, differences in skin condition across
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Figure 3: Tewameter measurement with open
measurement chamber does not influence the
natural evaporation from the skin.
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Figure 2: Culture of sampled microorganisms is the basis for most traditional microbiological tests.

the body are the reason of there being
completely different microbial associations
at different skin sites.10 The face offers home
to microbes that enjoy or at least tolerate
high skin surface moisture and higher
sebum production. On the other hand, the
extremities are rather dry and offer no such
optimal conditions for most bacteria. Then,
there are also the moist areas in the arm
pits and at body folds that offer a
completely different environment to
microorganisms. The dry versus the moist
areas "are likely as ecologically dissimilar as
rain forests are to deserts".11 It has also
become clear that the skin pFI-value is of
huge impact for the ability of different
microbes to survive or even flourish.
Bacteria regarded as harmful seem to be
especially affected by acidic conditions
whereas the healthy microbiome is stable in
more acidic environments.12- 13' 14

Trials have been undertaken to analyse
the microbial colonisation in various
diseases such as acne and atopic
dermatitis. Identifying the predominant
species related to this disease, such as

-

Figure 4: The Corneometer allows quick and easy
hydration measurement at different skin sites.

staphylococcus aureus to atopic dermatitis
might assist in curing the skin by changing
the skin conditions, so that this special
species is at a disadvantage. Several ideas
have been proposed regarding probiotic
and prebiotic treatments and have been
controversially discussed.15

Despite the extensive research on skin
microbiome, there is no scientific consensus
or even an indication about the
composition of the perfectly healthy
microbiome. This is mainly due to the
described inter-individual variations.

Proving cosmetic claims of
microbiome products
Bacterial analysis can be very useful to
measure the effect of antibacterial washes,
presumably showing a reduction of the
bacteria on the skin. Also, the amount of
specific bacteria species present is
interesting for studying the effect of anti-
acne or antibiotic products. It remains in
any case difficult to compare the full scope
of microbial compositions of different
individuals. Therefore, many cleansing

Figure 5: Sebum measurement with theSebumeter takes approximately 30 seconds.
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daims are proven by traditional methods
focusing on defined species of bacteria.

For cosmetic care products, bacterial
analysis might show if the bacteria of

probiotic products or the nutrition for
special bacterial species in prebiotic
formulations will lead to a shift in the

microbiome composition. It will however

yield very little information if a product with
a microbiome claim will improve the skin

condition.
For skin health claims, despite of all

microbiome research, we still need to revert

to the traditional methods of skin testing.

Assessment of the skin barrier by
transepidermal waterloss (TEWL)

measurement
The skin works as a barrier between our

inner body and the environment. The
measurement of the emission of water

through the skin into the environment, the
so-called transepidermal waterloss (TEWL),
is one of the most-used methods to assess

the skin barrier quality.16 The skin protects
the inner body from losing a huge amount

of water by evaporation. Healthy skin at
most skin sites shows at ideal ambient
conditions of 20-22°C with a relative
ambient humidity between 40-60% a TEWL
between 7-15 g/h/m2. If the barrier is
damaged, a higher loss of water will be
measured. The Tewameter® with its open
measurement chamber is the most-used
probe for this kind of measurement.

Studying repair effect of products by
TEWL measurements
The TEWL measurement can also be used
to assess the barrier repairing or protecting
effect of products. The skin is artificially
damaged by creating small wounds or by
standardised tape stripping, often using
Corneofix® or Desquame®. The damage will
show in an increased TEWL and can be
evaluated as well as the time the skin takes
to recover to healthy TEWL values.17

Measurement of the skin surface hydration
Healthy skin should have a higher surface
water content, not wet, but by no means
dry. Together with the skin lipids (sebum)
present and cell aggregates from the
desquamation process, the water forms an
emulsion called the hydrolipic film that
covers the skin surface, protecting it and
keeping it supple.

The water content of the hydrolipidic
filni is related to the water binding faculty
within the upmost skin layers of the stratum
corneum. The deeper you dive into the
stratum corneum, the higher the water
content. The upper layers of the stratum
corneum contain less water and are most
susceptive to the effects of moisturising
products. Therefore, the measurement of
hese outer skin layers is very important for
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Figure 6: Strong fluorescence of the
Propionibacterium acnes under UV-illumination
of the Visiopor camera,

the assessment of skin health and the
hydrating influence of applied products.

The moisture measurement should be
done swiftly, preventing the collection of
water from the TEWL between the skin
surface and the measurement contact area
(occlusion). The Corneometer® is the world's
most-used instrument to determine stratum

corneum hydration in the most important
upper layers by capacitance. The moisture
measurement with the Corneometer takes
less than one second. The result is
immediately displayed in arbitrary units and
can be interpreted and compared. Also the
L'Oreal Skinchip® or the MoistureMap®

device are based on capacitance
measurement. They display the distribution
of the water on the contact site by imaging
the capacitance readings. Other techniques
of assessing the water content of the skin
that have been applied are impedance
measurement, evaluation of scaliness and
desquamation, infra-red measurement or
Raman spectroscopy.

Sebum content
The Cambridge Dictionary describes the
lipids excreted by the sebaceous glands as
"an oil-like substance produced by the
sebaceous glands in the skin that makes
hair shiny and prevents skin from becoming
dry".19 The role of sebum in atopic
dermatitis has been dismissed by different
investigations in the past. More recent

studies however, have shown that in
diseased skin conditions such as atopic
dermatitis, sebum levels are considerably
lower than in healthy individuals.20 On the
other hand, increased sebum production is
correlated to the occurrence of acne.21 In
ophthalmology, a reduction of lipids
produced by the meibomian glands is
linked to dry eye indication.22 The amount

of lipids on skin, hair and also in the tear

film according to these findings will also
offer information on their health state.

Sebum is very different at different skin
areas. In the face and on the scalp sebum
levels are highest.23 Other skin sites show
much lower values. The Sebumeter® is the
standard device to measure the sebum

r

SEr
SEsc
SEsm
SEw

(Roughness)

(Scaliness)

(Smoothness)

(Wrinkles)

1.26
2.46
334.37
39.98

Figure 7: Calculation of skin texture with Visioscan.

secretion on the skin surface. The special
matte tape will become transparent by
absorbing sebum present on the skin
surface. The transparency will be measured;
the more transparent, the higher the sebum
level. Other methods like Sebufix® or
Sebutape® use special microporous tapes
that show the sebum pits on the skin
surface as dark blotches of different sizes.
These blotches can be evaluated according
to their portion of the measurement area,
their sizes and numbers.

Evaluation of skin blemishes
Blemishes are usually an indication that the
skin condition is not ideal. They especially
occur in acne and are often correlated to an
increased sebum production.

The occurrence of pimples and
blackheads can be visually assessed and
graded. This can be done based on direct
inspection or for better comparison by the
evaluation of high resolution photographs.21

The turn-out of photographs is strongly
influenced by ambient light not only in
reference to the light colour and intensity but
also to the angle of light. Additionally, the
position of the face and the angle of
photographing as well as the distance
between camera and face will have a huge
impact on the outcome.

Therefore, simple mobile phone
cameras or even high-end consumer
cameras are not the best-suited tools for
taking such pictures. There is dedicated
equipment available on the market that
provides a homogeneous illumination,
sometimes even the use of different light
sources and a fixed positioning of face and
other body sites for taking standardised
photos. With such equipment, very
reproducible and comparable images can

be taken that are evaluated either by
subjective scoring or by automatic
calculation of the size of the pores and the
amount of impurities.

Sebum levels are highest in the face and
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Class 1

Class 2
Class 3
Class 4
Class 5
All

Area (%)

12.21
28.34
37.9

13.62
6.02

98.09

Area(mm2)

3.52
8.16

10.91
3.92
1.73
28.24

Figure 8: Desquamation measurement with Visioscan using corneofix tape.

on the scalp. Especially, Propionibacterium
acnes, preferring anaerobic environments,
thrive in oily conditions and, combined with
other factors, can cause acne. The
porphyrins produced by the
Propionibacterium acnes will show an
autofluorescence when exposed to UV light
of special wavelengths.24 Using cameras
providing such light sources can therefore
demonstrate the activity of the
Propionibacterium acnes and show the
effect of products. Special software can
evaluate the number, area and intensity of
such fluorescences for comparison of
untreated to treated skin.

Evaluation of skin irritation
Skin irritation will show in increased
microcirculation visible as an increased
redness.25 Its intensity can be assessed by
subjective scoring by experienced
scientists. The human eye is however not
able to evaluate very small differences and
compare them to colours that have been
previously seen at a different examination
day. Photographs, taken in standardised
conditions, will assist the researchers in
grading of redness. Instead of subjective
grading, image colour analysis can also be
automatically performed by special software.

Besides comparing pictures, colour
measurement to assess redness is often
done by probes that are quicker and easier
to use.

Skin Colorimeter® and Chromameter®

probes are emitting white light and apply
colour detection sensors to determine the
colour, transferring the results to Cie L*a*b*
units. These values describe the colour in its
brightness (L-value), its position on a red-green
(a-value) and a blue-yellow axis (b-value).

Since the main chromophores in the skin
are hemoglobin from the blood and the
melanin, narrow-band spectrometers such
as the Mexameter® use only specific
wavelengths that offer a clear distinction
between melanin and erythema. The
Mexameter results for redness and pigment
are displayed as arbitrary units with a high
resolution between 0-1000 and can be very
easily interpreted and compared.

Skin topography
Of course, healthy skin should show a
regular texture and no open cuts or
increased cornification providing a stiff skin
surface and hiding the fine texture lines.
Assessment of the skin texture using
imaging techniques will show if there is an
improvement of the skin condition.
Different methods such as fringe projection
(PRIMOS®, FOIDS®), Visioscan® or shadow
analysis of silicone replica can be applied to
assess changes in the skin texture.

Desquamation assessment
From the depth of the epidermis, new

keratinocytes are constantly produced and
migrate slowly to the outer skin layers.
During their journey, they will undergo
several processes and will end up as flat
corneocytes in the stratum corneum that
will finally be shed from the skin surface.
This shedding process is called
desquamation. It is an indicator for
enzymatic processes taking place in the skin
and has also been linked to skin barrier
quality.’7 The desquamation of healthy skin
should be fine and regular. To the eye, it is
invisible. If the desquamation process is
disrupted, some only partially detached
corneocytes will accumulate either as
isolated islands or as a whole combined
with a thickening of the stratum corneum.
The severity can be graded, from barely
visible flaking and a slightly rough skin
surface to the collection of very thick flake
aggregations, clearly visible to the eye.26

The desquamation of the skin surface
can be determined using imaging
techniques, applying special sticking tapes
to the skin and removing them. The loose
corneocytes will stick to the tape and their
distribution and thickness can be
calculated.

Determination of the skin-pH-value
Skin pH is essential for the wellbeing of

specialised bacterial communities.
The body's internal environment retains

a more or less neutral pH value of 7-9. From
neutral pH values in the lower epidermis,
there is a steep decrease of pH values
towards the skin surface. Depending on the
body site, age, gender and many other
intrinsic and external factors, values of the
surface mainly range between pH 4-6.27
The acidic pH-value towards the skin
surface and in the hydrolipid film is
attributed to different factors such as free
fatty acids from the lipidic excretions of the
sebaceous glands, lactic acids from the
sweat glands, microbial and endogene
processes and other influencing
parameters. Cleaning the skin with soaps
will lead to a short term shift of the pH
value, but healthy skin will be able to
balance this disruption within a certain time
span. Frequent washing can however lead
to cumulative effects and can seriously
harm the skin barrier.28

The acidic pH environment on the skin
surface is not only, as previously assumed, a
protection against invading organisms.
More recent studies have demonstrated
that the formation of important enzymes
necessary for triggering barrier-related
processes is very much dependant on
specific pH-values.
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Higher pH values at certain body sites
like the axilla or the interdigital areas
promote the colonisation of certain odour-
producing or harmful bacteria and fungi/"

In particular, atopic dermatitis is often
linked to increased pH-values and at the
same time a different composition of the
bacterial associations with an increased
presence of Staphylococcus aureus.v Skin
pH measurement can show whether a shift
of the pH value could be obtained by the
product application.

There are also other measurement
parameters that can be used to show a
positive effect on skin health.

Conclusion
Research on the skin microbiome is a
fascinating and trendy topic and will
probably evolve further. However, despite
the intense research, the microbiome shows
huge inter- and intra-individual variation
and there has been until now no scientific
consensus on its perfect composition.

An aspect that still needs more research
effort is the influence of cosmetic products
on the resident microbiome. What is
happening in the microbiome realm when
applying oily formulations on skin areas that
by nature do not have high sebum
production and feature an adapted healthy
microbiome? How can we ensure that
added microorganisms will survive in the
microbial communities on the skin surface?

And might it be possible that the well-
meant application of probiotic products
might have an adverse effect on the skin
microbiome, destroying the adapted
balance by adding more species of certain
bacteria?

The findings that the skin microbiome is
essential for skin health pose a challenge to
cosmetic industry to develop new products
that not only consider traditional skin types
such as oily or dry but to widen their
understanding of skin types to certain
microbiome types.

Since the claim behind using
formulations modifying, enhancing or
feeding the microbiome, is the
improvement of skin health and especially
the strengthening of the skin barrier
function, traditional biophysical testing
methods and imaging are well-suited to
substantiate health-related claims of such
products. fpc ]
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