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Abstract

The human organism is inhabited by very diverse microorganisms, which constitute the so-called human microbiome
and are necessary for the proper functioning of the macroorganism. The correct microbiome ensures homeostasis
of the body. A disturbance in its homeostasis leads to dysbiosis. Such deviations may also be related to the develop-
ment of inflammatory skin diseases, including atopic dermatitis and psoriasis. This review aims to analyse the most
current published data on the microbiome of the human skin and examine its role in cutaneous skin diseases, such
as atopic dermatitis and psoriasis. This review was compiled by collaborating dermatologists specializing in atopic
dermatitis and psoriasis. A comprehensive review of current literature was done using PubMed and limited to rel-
evant case reports and original papers on the skin microbiome in atopic dermatitis and/or psoriasis. It has not been
yet established whether changes in the microbiome are the cause or consequence of disease (atopic dermatitis/
psoriasis). However, it was found that in the cases where pathological microflora predominated, an intensification of
lesion severity is observed, while with clinical improvement, commensal microflora is restored. Modification of the
composition of the microflora may lead to changes in the activation of the immune system and eventually to the
development of inflammatory diseases. Adverse effects on the microbiome may include antibiotics, poor diet, stress
and adverse environmental conditions. However, more research is needed to identify exact details and mechanisms.
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Introduction

The human organism is inhabited by very diverse mi-
croorganisms, which constitute the so-called human mi-
crobiome and are necessary for the proper functioning of
the macroorganism [1, 2]. The term “microbes” was first
used by Nobel laureate Joshua Lederberg [3]. More and
more data on the human microbiome began appearing at
the end of the twentieth century, which was associated
with the development of molecular techniques that en-
abled the diagnosis and assessment of the composition
of the microbiome: skin, gastrointestinal, respiratory and
urogenital tracts [1]. The United States National Institutes
of Health (NIH) Common Fund’s Human Microbiome Proj-
ect (HMP), conducted in 2007-2012, provided very detailed
data on the human microbiome. The correct microbiome

ensures homeostasis of the body. A disturbance in its
homeostasis leads to dysbiosis. The topic of dysbiosis is
widely analysed in the etiopathogenesis of inflammatory
diseases, e.g. non-specific inflammatory bowel diseases.
Dysbiosis is associated with increased oxidative stress (in-
cluding increased production of nitric oxide — NO), damag-
ing DNA repair mechanisms and predisposing to the de-
velopment of pathological changes. Such deviations may
also be related to the development of inflammatory skin
diseases, including atopic dermatitis and psoriasis [3].

What is the skin microbiota?

The skin is colonized by many different microorgan-
isms. Species of these microorganisms and the ratios
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within each cluster are determined by the location, age,
occupation, environmental factors, cosmetics applied
and the coexistence of other diseases as well as the use
of topical drugs [4].

The microbiome of the human skin is a complex eco-
system consisting of commensal, symbiotic microorgan-
isms (bacteria, fungi, viruses, protozoa) that live in ho-
meostasis with the entire organism. It plays an important
role in providing protection against pathogenic strains
that may be responsible, among others, for skin diseases
[5]. In the situation of a disturbance in the composition
and functioning of the skin microbiome, there may be
increased susceptibility to the development of inflam-
matory diseases. It is known that the skin microbiome
depends on the local “microenvironment” of a given loca-
tion. In adults, there are differences in the composition
and concentration of the bacterial population between
sites that are relatively more sebaceous, moist or dry
[4]. The least amount of microorganisms can be isolated
from areas that are constantly exposed and in contact
with environmental factors (e.g. skin of the limbs) — the
most prevalent organisms found in these places are
Proteobacteria and Flavobacteriales. However, the oppo-
site is observed in intertriginous regions, where there is
a moist and relatively warm environment. Under such
conditions, Staphylococcus aureus and Corynebacterium
spp. are better able to thrive [6]. Alternatively, in areas
rich in sebaceous glands one will encounter more lipo-
philic yeast including Malassezia spp. and Pirynobacte-
rium spp. On the head, including the scalp, nose, ears and
hair, Propionibacterium predominate, which is much less
seen on the skin of the shoulders [7]. Different hormonal
influences in both women and men also determine the
dissimilarities between their skin microbiome [8]. Hol-
land and Bojar have stated that even the type of cosmet-
ics used may affect the composition and quality of the
skin microbiome [9]. The colonization of the skin surface
is also related to oxygen tolerance (aerotolerance), where
obligate aerobes or relatively anaerobic (facultative) mi-
croorganisms will prevail. In deeper layers where oxygen
is restricted, there are obligate anaerobes.

The main bacteria that colonize the skin are Staphylo-
coccus epidermidis and other coagulase-negative staphy-
lococci, as well as bacteria from the Actinobacteria spp.,
Corynebacterium spp., Propionibacterium spp., Brevibac-
terium spp., and Micrococcus spp. are other predominant
bacteria of the skin, which are considered to be perma-
nent skin microflora. On the other hand, Staphylococ-
cus aureus, Streptococcus pyogenes and Pseudomonas
aeruginosa are classified as transient microflora, which
are mainly seen during pathological conditions [10].
A study conducted by Iwase et al. showed that S. epider-
midis might inhibit S. aureus biofilm formation [11]. This
is most likely connected with the fact that S. epidermidis,
which dominate, are the first to populate the niches and
thus, do not allow S. aureus to flourish.
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The age of the patient is also an important factor in
the diversity of the microbiome composition. The ma-
jority of research on skin microbiology focused on the
skin of adults, and less attention was given to the skin
of children. Foetal skin in the uterus is sterile. Bacterial
colonization occurs during delivery. There is a signifi-
cant difference depending on whether the delivery was
a natural birth or caesarean section. The microbiome of
the newborn, which came into the world as a result of
a natural birth, is similar to the maternal vaginal micro-
biome, whereas the caesarean-born neonate is colonized
with microflora from skin of the mother or the person-
nel facilitating labour, whichever has the most significant
skin-to-skin contact first [12]. However, these initial dif-
ferences (within 24 h) resulting from the mode of child-
birth disappear within the first month of life. The way of
feeding the newborn also plays a huge role. Along with
rapid colonization of the surface, there are changes in
the function of the skin barrier (including reduction of
transepidermal water loss, skin pH and sebaceous activ-
ity) [13]. As it is known, the skin of an infant differs from
that of an adult in structure, function and biochemical
composition [14]. Kimberly et al. analysed whether the
microbiome of babies’ skin differs from that of an adult
and whether it evolves with the development of the
child’s skin. The horny layer (stratum corneum) of the in-
fant’s skin is more hydrated than in an adult, that is why
the infant’s microbiome resembles a more moist area of
the skin compared to adults (relatively higher numbers of
Staphylococcus spp. in infants) [5].

However, the skin-specific evolution of bacteria begins
in the first 3 months of life. Three regions were analysed
— buttocks, shoulders and forehead. The number of spe-
cies in a given area does not change significantly during
the first year of life, the relative density of bacteria in-
creased with the age of the child. In contrast to the skin
of an adult, in which Proteobacteria, Actinobacteria and
Firmicutes predominate, infants are mainly colonized by
Firmicutes, followed by Actinobacteria, Proteobacteria and
Bacteroidetes [15]. Depending on the location, the great-
est amounts of Clostridium bacteria (Phylum firmicutes)
occurred on the skin of the buttocks, while Bacilli and Fir-
micutes were more often isolated on the skin of the arms
and forehead. Additionally, it was shown that in the two
youngest groups of infants (1-3 months and 4-6 months),
Streptococcus spp. and Staphylococcus spp. dominate,
which constitute up to 40% of the total skin microbiome
[15]. In the examined children, an increase in Propionibac-
terium spp. was found in samples from the forehead in
the 4-6 months age group, which correlates with the pe-
riod in which infantile acne begins to appear [16]. The area
around the buttocks proved to be most unique in its mi-
croflora. The study discovered a kind of Finegoldia — these
are the newly described protease-producing commensal
bacteria, which due to their abundance on the skin of the
buttocks may play a role in the development of irritation
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in the diaper region. Early colonization of the skin of the
buttocks by Clostridium spp. and other microorganisms
belonging to the gastrointestinal microflora are associated
with the proximity of the anus and diaper region. The most
important difference between children and adults is that
the skin microbiome in adults is stable, while in children it
is unstable (because it is just forming), which can create
conditions in babies for abnormal skin development and
inflammation [5, 15].

The microbiome of the skin, in addition to bacteria,
also includes viruses, fungi and protozoa. Three dominant
virus families have been identified on the skin surface:
Papillomaviridae (B-, y-HPV), Polyomaviridae and Circo-
viridae, with the majority of individuals having Papilloma-
viruses B and y [17]. The presence of bacteriophages has
been determined, e.g. for Propionibacterium spp., Staphy-
lococcus spp., Pseudomonas spp., on the skin and the num-
ber of which varies depending on the location [18].

Most of the fungi on healthy skin are species of the
genus Malassezia: Malassezia restricta, Malassezia glo-
bosa, Malassezia sympodialis, Malassezia pachyderma-
tis and Malassezia furfur, with Malassezia restricta and
Malassezia furfur being the most numerous ones [19]. In
a study of 11 body locations (forehead, left and right ear,
left and right axillary region, left and right antecubitis,
left and right forearm, left and right legs), in eight of the
healthy adult participants, Malassezia spp. accounted for
about 80% of all fungi colonizing the skin [20].

In exceptional cases, Candida spp. can colonize the
skin, but their presence is more often associated with the
occurrence of infections, especially in immunocompro-
mised individuals or in patients with diabetes [21].

Microbiome in atopic dermatitis

An infant’s skin is sensitive and prone to the devel-
opment of inflammatory changes, including eczematous
lesions and diaper dermatitis. The currently observed
increase in atopic dermatitis (AD) is of particular im-
portance. Recently, the relationship between clinical
manifestations of AD and the skin microflora profile of
patients has been analysed. It was found that in the
cases where pathological microflora predominated, an
intensification of lesion severity is observed, while with
clinical improvement, commensal microflora is restored.
Itis also known that in patients with AD there is a dys-
function of the skin barrier function, which promotes the
colonization by Staphylococcus aureus. During exacerba-
tions of atopic dermatitis, microbiome changes involve
increased Staphylococcus aureus colonization. In addi-
tion, staphylococci modulate inflammatory responses
through various mediators and participate in the control
of skin inflammation [15]. Immunological pathways in the
skin, as in the gut, are associated with the development
of allergy or asthma [22]. The evolution of the skin micro-
biome together with the patient’s age can stimulate the
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maturation of the immune system by providing epitopes
for training for the immune system [23]. Some species
of bacteria produce proteases that can alter the barrier
function of the skin [24]. The microflora may also be af-
fected by the use of topical medicines (corticosteroids or
immunomodulators), as well as moisturizing and oiling
preparations (emollients) that are used as part of primary
or secondary prophylaxis. However, this requires more
detailed research with a control group. Generally, it is
believed that treatment favouring the growth of symbi-
otic bacteria can restore the balance of microflora, which
plays an important role in the course of AD. The presence
of various gram-positive bacteria, including from the ge-
nus Lactococcus, Streptococcus and Streptomyces, limits
the growth of other pathogenic bacteria, which has ben-
eficial effects on skin lesions. Some emollients contain
bacteria that can act on the skin like a probiotic.

Microbiome in psoriasis

Psoriasis is a chronic, recurrent inflammatory skin dis-
ease that occurs with excessive epidermal proliferation
and immunologic dysfunction. Factors that may exacer-
bate the course of psoriasis include infections: bacterial,
viral, fungal and parasitic. Already in the 1970s, there was
a connection established between streptococcal infection
(throat) and the development of disseminating psoriasis.
Fry and Baker showed that some bacteria, including Staph-
ylococcus aureus and Streptococcus pyogenes, viruses (hu-
man papillomavirus and endogenous retroviruses) and
fungi (Malassezia spp. and Candida albicans) can affect
the course of the disease [25]. Although further research is
required to establish the relationship between the cutane-
ous microbiome and psoriasis, current research suggests
that microbiota in patients with psoriasis differs from
healthy controls [26]. Alekseyenko et al. showed that in the
psoriatic plaques there are a higher number of bacteria:
Corynebacterium spp., Propionibacterium spp., Staphylo-
coccus spp. and Streptococcus spp. than in healthy skin
[27]. In the Fahlén et al. study, it was found that the most
common bacteria isolated from both lesions and normal
skin in psoriatic patients was Streptococci and Firmicutes,
whereas in comparison to the microbiome of healthy
controls, patients with psoriasis had a smaller number of
Staphylococcus spp., Actinobacteria and Propionibacterium
spp. [28]. Gao et al. also showed that Propionibacterium
spp. is much less abundant in psoriasis than in the control
group [29]. In addition, it was observed that with the im-
provement after a 3-week balneotherapy, a higher number
of Xanthomonadaceae bacteria were found, which belong
to the genus Proteobacteria [30]. Also, when analysing the
composition of fungi within the microbiome, Malassezia
spp. was found to be less frequent in patients with pso-
riasis than in healthy subjects, with a much greater vari-
ety of isolated fungi [31]. However, Gomez-Moyano et al.
showed that the increased concentration of Malassezia
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spp. in the skin of patients with psoriasis is observed only
in the period of exacerbations [32]. The role of Malassezia
spp. in psoriasis may be due to its ability to increase the
expression of TGF-B1, the integrin chain and HSP70, which
stimulates the migration of immune cells and results in
the hyperproliferation of keratinocytes [33]. Amongst the
entire Malassezia spp., the most isolated species is Mal-
assezia restricta [34]. Interestingly, it was shown that in
the circumstances of high concentrations of Malassezia
spp. within psoriatic lesions in patients, there is a greater
tendency to irritation after treatment with topical calcipot-
riol (analogue of vitamin D) [35]. Additionally, it has been
demonstrated that general antifungal drugs have benefi-
cial effects on the condition of nail plates in the course of
psoriasis, which may indirectly explain the role of fungi
in the severity of lesions [36]. Attention was paid to the
advantageous role of phototherapy, which, by improving
the oxidative stress parameter, causes significant changes
in the microbiota of the skin. It would be interesting to
investigate the relationship between clinical improvement
of psoriasis, changes in skin microbiology and systemic
oxidative stress parameters after NB-UVB therapy [37].

Conclusions

The microbiome of the skin is an interesting topic
that is more and more noticed and becoming the cen-
tre of attention for studies investigating its connection
and influence on the human immune system. It have
not been yet established whether changes in the micro-
biome are the cause or consequence of disease (atopic
dermatitis/psoriasis). However, the interaction between
microflora and the immune system is certainly important
for maintaining host homeostasis. Mechanisms related
to this role, however, remain unexplained; it is probably
related to the inhibition of the growth of pathogenic
microorganisms and the strengthening of the host’s in-
nate immunity [38]. Modification of the composition of
the microflora may lead to changes in the activation of
the immune system and eventually to the development
of inflammatory diseases. There are hypotheses that the
skin microbiome is closely related to the intestinal micro-
biome. Modification of the microbiome can be achieved
through diet and probiotics. Adverse effects on the micro-
biome may include antibiotics, poor diet, stress and ad-
verse environmental conditions. However, more research
is needed to identify exact details and mechanisms.
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