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Many relatively common chronic inflammatory skin diseases manifest on the face (seborrheic dermatitis, rosacea,
acne, perioral/periorificial dermatitis, periocular dermatitis, etc.), thereby significantly imparing patient appearance
and quality of life. Given the as yet unexplained pathogenesis and numerous factors involved, these diseases often
present therapeutic challenges. Changes in human skin microbiota composition and/or functionality are believed to
trigger immune dysregulation and, consequently, an inflammatory response, thereby playing a potentially
significant role in the clinical manifestations and treatment of these diseases. Although cultivation methods have
traditionally been used in studies of bacterial microbiome species, a large number of bacterial strains cannot be
grown in the laboratory. Since standard culture-dependent methods detect fewer than 1% of all bacterial species, a
metagenomic approach could be used to detect bacteria that cannot be cultivated. Studies on the possible
association between changes in the microbiome and their association with skin diseases have improved
understanding of disease development, diagnostics and therapeutics. Identification of the bacterial markers
associated with particular inflammatory skin diseases would significantly accelerate the diagnostics and reduce
treatment costs. Microbiota research and determination could facilitate the identification of potential causes of skin
diseases that cannot be detected by simpler methods, thereby contributing to the design and development more
effective therapies.

skin microbiota skin diseases facial skin inflammatory skin diseases atopic dermatitis
seborrheic dermatitis rosacea acne vulgaris perioral dermatitis periorificial dermatitis
periocular dermatitis psoriasis

1. Current Knowledge of the Characteristics of the Skin
Microbiome

The term “microbiome” comprises the totality of microorganisms (microbiota), their genomes, and environmental
factors in a particular environment . "Human microbiota”, on the other hand, refers to the sum of all the
microorganisms living on/in our body and is a source of genetic diversity, a modulator of health and disease, a
fundamental component of immunity and an entity that affects metabolism and modulates drug interactions. The
purpose of this review is to present the current knowledge on the characteristics of the skin microbiome in
inflammatory skin diseases, taking into consideration that therapeutic effects on microbiome imbalance could

contribute to disease improvement and sanitation.
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The specificity of the microbiome of the epidermis in relation to the microbiome of the dermis is also noted. While
the microbiome of the epidermis is strongly influenced by environmental factors, the microbiome of the dermis is
more stable and less susceptible to change. Initial research suggests that the microbiome of the dermis is of
uniform composition, regardless of body localization [&.The microbiome of the skin of newborns born vaginally is
similar to the vaginal microbiome of the mother, whereas the microbiome of children delivered by caesarean
section shows similarities to the skin microbiome of the mother 2. The skin microbiome of premature infants has its
own specifics. It is richest in bacteria of the phyla Firmicutes (genus Staphylococcus)
and Bacteroidetes (genus Flavobacterium). Compared to the skin of term infants, it contains a larger share of
bacteria belonging to the Firmicutes phylum. Those of the Proteobacteria phylum are relatively sparse.
Furthermore, the skin of preterm infants (samples collected from the forehead area, cubital fossa and gluteal
region) has relatively copious bacteria of the Staphylococcus, Corynebacterium, and Prevotella genera, and
sparse Brevundimonas, Flavobacterium, and Sphingobacterium species, compared to term-newborns’ skin 4.
Research has demonstrated that, the predominant phylum found on the skin of healthy infants is
the Firmicutes phylum (genus Staphylococcus and Streptococcus), followed by Actinobacteria, Proteobacteria,
and Bacteroidetes EI4IBIEIT],

It is also important to note that the microbiome of the skin, just like the microbiome of other areas, is a dynamic
structure that changes, depending on age, gender, environmental factors, and one’s habits, e.g., occupation, use of
cosmetics and antibiotics. In normal physiological conditions, the human ecosystem maintains a host—
microorganism balance. On the other hand, the interactions between individual microorganisms and those between
microorganisms and the host can be a cause of disease. Previous analyses have indicated that the four dominant
bacterial phyla living on the skin are: Actinobacteria, Firmicutes, Proteobacteria, and Bacteroidetes,
with Corynebacterium, Cutibacterium, and Staphylococcus being the most prevalent among over 40 identified
bacteria genera [&.The skin microbiome shows spatial distribution associated with the skin microenvironment
(sebaceous, moist and dry areas) €. Thus, in sebaceous areas (face, chest, back), the dominant bacteria are the
lipophilic species of the genus Cutibacterium and Staphylococcus. Bacteria that prefer a humid environment, such
as those of the Staphylococcus and Corynebacterium genera are found in abundance in moist areas (elbow, knee
and groin folds), whereas the dry areas of the skin (volar surface of the forearm and the hand) are replete with

species belonging to the Proteobacteria phylum BI19,

In addition to bacteria, other microorganisms, such as fungi of the Malassezia genus and parasites of
the Demodex genus, are normally found on human skin. Furthermore, a few studies on the viruses that potentially
inhabit the skin indicate that the human virome is also dependent on the skin microenvironment 29111,

The skin microbiome in healthy subjects, as well as the microbiome in inflammatory skin diseases (such as those
on the face), has rarely been studied with molecular methods and there is scarce information available. Future
research in that area could therefore play an important role in gaining knowledge about the healthy skin

microbiome and determining the presence of dysbiosis in patients.

Table 1. Microbiome shifts in most common inflammatory skin diseases.
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1 Staphylococcus spp. 1378 | Streptococcus spp. *
Atopic dermatitis 1 Staphylococcus aureus 1234568 | Cutibacterium spp. 13
1 Staphylococcus epidermidis 147 | Corynebacterium spp. 13
t Firmicutes ° 10 | Actinobacteria ° 1011 12
t Proteobacteria 11 14 | Gordoniaceae 11
1 Streptococcus spp. ° | Proteobacteria °
Psoriasis 1 Prevotella 19 | Staphylococcus epidermidis 1*
t Staphylococcus spp. 1013 | Cutibacterium spp. ° 1014
1 Staphylococcus aureus ** | Staphylococcus spp. 14
1 Staphylococcus pettenkoferi 11 | Cutibacterium acnes 1
t Staphylococcus sciuri 11 | Cutibacterium granulosum 11

i Staphylococcus spp. 15 1617181020 2122
1 Staphylococcus epidermidis 2°
Seborrheic dermatitis 1 Streptococcus spp. 18 | Cutibacterium spp. 151617192021
1 Pseudomonas spp. %2
1 Acinetobacter 18

i | Actinobacteria 2324
23 24 | Cutibacterium spp. 23
- | Cutibacterium acnes 23

| Cutibacterium granulosum 23

1 Firmicutes
Acne 1 Proteobacteria
1 Staphylococcus spp.

1 Corynebacterium kropp 2®
Rosacea 1 Gordonia %’ | Rosemonas spp. %8
1 Geobacillus 27
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