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Abstract

Streszczenie

The skin microbiota is a complex ecosystem consisting of bacteria, fungi and viruses. The role of the human skin microbiota
is to maintain homeostasis in the body. Disruption of the balance of the natural composition of the human microbiome can
lead to the development of inflammation and infection. Atopic dermatitis is a chronic and recurrent non-infectious,
inflammatory dermatosis characterised by erythematous and exfoliative skin lesions, accompanied by pruritus and a tendency
to superinfection. Defect in the epidermal barrier, immune dysfunction and changes in the composition of the skin
microbiome underlie the pathogenesis of atopic dermatitis. It has been found that the diversity of atopic skin microbiota is
significantly reduced, with a decrease in the number of Cutibacterium, Streptococcus, Acinetobacter, Corynebacterium and
Prevotella, and a concomitant increase in the percentage of Staphylococcus bacteria, especially S. aureus. It accounts for about
20% of skin microbiome in healthy people, while in patients with atopic dermatitis the percentage of S. aureus can increase
up to 30-100%. In addition, there is a positive correlation between S. aureus skin colonisation and disease severity. S. aureus
plays a key role in the development of skin inflammation in the course of atopic dermatitis, including through the induction
of lymphocyte expansion, release of cytokines, pro-inflammatory lipoproteins, and stimulation of mast cell degranulation.
Therefore, properly selected and regular treatment of atopic dermatitis diversifies the skin microflora, often leading to clinical
improvement in the patient.
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Mikrobiota skory to zlozony ekosystem, skladajacy si¢ z bakterii, grzybow i wiruséw. Rolg mikrobioty ludzkiej skéry jest
utrzymywanie homeostazy w organizmie, stad zaklécenie rownowagi naturalnego sktadu mikrobiomu cztowieka moze
prowadzi¢ do rozwoju zapalenia i infekcji. Atopowe zapalenie skory to nieinfekcyjna, zapalna choroba skory o przewlektym
i nawrotowym przebiegu, charakteryzujaca si¢ wystepowanie rumieniowo-ztuszczeniowych zmian skornych, z towarzyszacym
$wiadem oraz tendencjg do nadkazen. U podloza choroby leza przede wszystkim defekt bariery naskorkowej, zaburzenia
funkcjonowania uktadu odpornosciowego oraz zmiana skladu mikrobiomu skéry. Obserwuje si¢ wyraznie zmniejszona
réznorodnoé¢ mikrobioty skory atopowej — spadek liczby bakterii z rodzaju Cutibacterium, Streptococcus, Acinetobacter,
Corynebacterium i Prevotella, z rébwnoczesnym wzrostem odsetka bakterii z rodzaju Staphylococcus, zwlaszcza S. aureus.
Na skorze 0sob zdrowych stanowi on okoto 20% mikrobiomu, podczas gdy u chorych z atopowym zapaleniem skory odsetek
S. aureus potrafi wzrosna¢ nawet do 30-100%. Dodatkowo obserwuje si¢ dodatnia korelacje kolonizacji skory S. aureus
z ciezko$cig choroby. S. aureus odgrywa kluczowa role w rozwoju stanu zapalnego skory w przebiegu atopowego zapalenia
skory, miedzy innymi poprzez indukeje ekspansji limfocytéw, uwalnianie cytokin, prozapalnych lipoprotein, stymulacje
degranulacji komoérek tucznych. Mikrobiologiczna réznorodnos¢ flory bakteryjnej skory pacjentéw z atopowym zapaleniem
skory podczas zaostrzen choroby jest silnie skorelowana z zastosowanym leczeniem. Wynika z tego, ze odpowiednio dobrane
iregularnie stosowane leczenie roznicuje flore bakteryjng skory, niejednokrotnie poprzedzajac kliniczng poprawe u chorego.

Stowa kluczowe: atopowe zapalenie skéry, AZS, mikrobiota skdry, mikrobiom skéry, Staphylococcus aureus
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HUMAN SKIN MICROBIOTA

bacteria, fungi and viruses. The term “microbiome”

refers to the composition of all genes of microbes that
colonise the skin surface(.
The role of human skin microbiota is to maintain homeo-
stasis in the body by either direct killing or reducing the vir-
ulence of pathogens through secreting antimicrobial pep-
tides and other molecules. Additionally, many commensal
species that make up the skin microbiome are able to stim-
ulate keratinocytes to generate an immune response®.
Disruption of the natural composition of the human micro-
biome can lead to inflammation and infection®. Microbial
composition of healthy skin has been found to undergo fun-
damental changes with age. In newborns, it depends on the
route of delivery. Infants born vaginally acquire bacteria
primarily from maternal vagina, which is mainly colonized
by Lactobacillus, while those born by caesarean section are
colonised mainly by their mothers’ skin microbiota®®.
Children under 12 years have their skin mostly colo-
nized by Streptococcus, Granulicatella, Gemella, Rothia
and Haemophilus bacterial genera, along with fungal
genera of Ascomycota (Aspergillus, Epicoccum, Phoma),
Cladosporium and Cryptococcus. After the end of puber-
ty, when the production of sebum by the sebaceous glands
increases, Streptococci are gradually replaced by lipophilic
Cutibacterium and Corynebacterium .
The human skin microbiota is also shaped by different mi-
croenvironmental conditions characteristic for specific skin
sites, such as pH, humidity, and sebum content. Sebaceous
sites (face, chest, back) are dominated by lipophilic spe-
cies of the genus Cutibacterium, while Staphylococcus and
Corynebacterium are abundant in moist areas (the bends of
the elbows and the feet)®.
Much less data can be found in the literature on the hu-
man skin mycobiome. Fungi account for only 1-5% of
the skin microbiota”. Malassezia (M. dermatis, M. furfur,
M. globosa, M. restricta, M. sympodialis) is the most abun-
dant genus in the fungal microflora found on human skin®.
Only foot sites are colonised by a more diverse combina-
tion (Malassezia spp., Aspergillus spp., Cryptococcus spp.,
Rhodotorula spp., Epicoccum spp., etc.)®.
Unlike bacteria and fungi, skin colonisation by eukaryotic
viruses is specific to the individual rather than age or ana-
tomical site®.

E ; kin microbiota is a complex ecosystem consisting of

ATOPIC DERMATITIS

Atopic dermatitis (AD) is a chronic and recurrent non-in-
fectious, inflammatory dermatosis. It is characterised by
erythematous and exfoliative skin lesions, accompanied by
pruritus and a tendency to develop bacterial, viral and fun-
gal superinfections®. Symptom onset is usually observed
in the first year of life. Almost 70% of AD patients experi-
ence remission or complete resolution by adolescence®®,
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and only 25% of patients develop symptoms after the age of
18 years®. The prevalence of AD is estimated at 4.7-9.2%
in the paediatric population, and about 0.9-1.4% in adults.

PATHOPHYSIOLOGY
OF ATOPIC DERMATITIS

The pathophysiology of AD remains unclear. The under-
lying causes primarily include epidermal barrier dysfunc-
tion, immune dysregulation and altered composition of
the skin microbiome™*. Distinguishing between primary
events leading to AD and secondary events resulting from
the development of atopy remains controversial® (Fig. 1).
The skin is the first important line of body’s defence against
pathogenic microorganisms. The tightly packed cells that
make up the stratum corneum form a physical barrier to
pathogens, while the peptides and lipids secreted by kerati-
nocytes and glands provide a chemical barrier®.
Mutations in the FLG gene, which encodes the skin protein
filaggrin, are the main genetic risk factor®!?. Filaggrin is re-
sponsible for the aggregation of keratin filaments in corneo-
cytes, and its breakdown products act as natural moisturis-
ing factors, maintaining proper skin moisture and pH. Thus,
congenital or acquired filaggrin deficiency leads to disrup-
tion of both physical and chemical epidermal barrier?.
Additionally, increased skin pH creates more favourable
conditions for colonisation by Staphylococcus aureus™V.
Disruption of the mechanical epidermal barrier makes it
easier for bacteria to migrate to the deeper layers of the
skin®? and stimulates keratinocytes to release pro-inflam-
matory chemokines and cytokines. Atopic skin is also char-
acterised by a preferential differentiation of CD4 cells to-
wards the Th2 lineage. Overproduction of Th2 cells in turn
leads to increased production of IL-4, IL-5 and IL-13 cyto-
kines, which stimulate IgE synthesis and eosinophilia in pe-
ripheral blood and tissues®. Cytokines, which are released
as part of an inflammatory response, contribute to reduced
expression of antimicrobial peptides, such as defensins and
cathelicidins, making the skin even more susceptible to
increased colonisation by pathogenic bacterial strains®.

Geneti( factors

Th2and Th17 Filaggrin
action deficiency

Skin colonisation
with S. aureus

Epidermal barrier
» dysfunction

Skin penetration
by S. aureus

Skin inflammation

Fig. 1. Interactions between human factors involved in the patho-
genesis of atopic dermatitis and S. aureus colonisation and
virulence®
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Numerous publications describe a significantly reduced di-
versity of atopic skin microbiota - a decrease in the num-
ber of bacteria of the genus Cutibacterium, Streptococcus,
Acinetobacter, Corynebacterium and Prevotella, with a si-
multaneous increase in the percentage of Staphylococcus,
S. aureus in particular®*%. S, aureus accounts for about
20% of skin microbiome in healthy individuals compared
to 30-100% in patients with AD®.

Zheng et al. assessed perioral microbiome in a group of
48 infants with AD symptoms and a control group of 20
healthy children. The skin microbiota was less diverse in
AD patients compared to healthy infants. Streptococcus
was the most common genus on the healthy skin, account-
ing for even more than 40% of the microbiota. However,
in the severe AD patient group, the relative abundances of
Streptococcus spp. were significantly reduced and replaced
with Staphylococcus spp., S. aureus in particular(!®).

On the other hand, Kennedy et al. found lower baseline
counts of commensal Staphylococcus spp. in 2-month-old
infants who later developed AD than in children who did
not develop atopic lesions by the age of 1 year, confirming
the role of dysbiosis in initiating AD!®).

Furthermore, a positive correlation has been demonstrat-
ed between skin colonisation with S. aureus and AD severi-
ty. S. aureus was more common in affected skin regions, es-
pecially those with severe inflammation, than non-affected
areas. It has also been observed that untreated AD patients
have higher counts of S. aureus strains on their skin®.

S. aureus plays a key role in the development of skin inflam-
mation in AD, among others by inducing the expansion of
T cell-independent B cells, releasing cytokines and pro-in-
flammatory lipoproteins, and stimulating mast cell degran-
ulation, leading to the release of interleukins such as IL-31
(a cytokine associated with pruritus)®.

Additionally, S. aureus produces a number of proteolytic
enzymes and toxins that may disrupt the integrity of the
epidermal barrier, facilitating further penetration through
the stratum corneum and, as a result, additionally stimulate
the inflammatory reaction®.

The role of chronic, mainly nasal, skin colonisation by S. au-
reus in the development of AD is an interesting issue. Totté
et al. conducted a meta-analysis of 19 studies assessing na-
sal colonization with S. aureus (1,051 patients in the study
group and 1,263 controls). The study showed that 57% of
AD patients were nasal carriers of S. aureus compared to
only 23% of controls with positive carrier test!”. On the
other hand, Skov et al. showed no statistically significant re-
lationship between S. aureus colonisation in the first month
of life and the risk of AD in the first 3 years of life in their
study in 356 infants"®. Thus, the possible role of S. aureus
skin colonisation in the development of AD is still disput-
able and requires further research.

AD patients have been found to have increased counts of
other Staphylococcus species, such as S. epidermidis and
S. haemolyticus isolated from their skin®. Under normal
conditions, S. epidermidis, one of the primary human skin
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commensals, is involved in modulating the innate immune
response during skin tissue repair and wound healing.
However, the mechanisms utilised by S. epidermidis may
act against the host under certain conditions. Proteases pro-
duced by S. epidermidis can degrade the complement factor
C5, fibrinogen and antimicrobial peptides in the host, thus
avoiding elimination by immune cells®.

Byrd et al. found that the skin microbiome in patients
with less severe symptoms was dominated by heteroge-
neous S. epidermidis strain communities®. In their study
in a group of 12 children with moderate to severe AD and
a group of 11 healthy children, Kong et al. observed signif-
icantly more S. epidermidis strains on the skin of children
with AD during exacerbations than in the period between
exacerbations and in the group of healthy patients"?.
Many studies have shown that another skin commensal,
Cutibacterium acnes (formerly Propionibacterium acnes),
can also enhance cytolytic activity, promote aggregation
and biofilm formation by S. aureus*.

Significantly fewer authors focus on the diversity of the
fungal skin flora in AD patients. Atopic dermatitis patients
show a general increase in skin mycobiome diversity, with
increased counts of Malassezia strains, especially M. globo-
sa and M. restricta, as well as Aspergillus, Candida albicans,
Cryptococcus diffluens and Cryptococcus liquefaciens®*'920,

TREATMENT OF ATOPIC DERMATITIS
BY MODULATING SKIN MICROBIOME

The primary goal of AD treatment is to reduce the severi-
ty of disease symptoms and the frequency of exacerbations.
The multifactorial nature of the disorder requires a multi-
directional approach.

The microbial diversity of AD skin during exacerbations is
strongly correlated with the treatment used. This means that
the treatment of AD differentiates the skin microflora, often
leading to clinical improvement.

Emollients

Atopic dermatitis therapy is currently based on daily topical
application of emollients to restore proper epidermal bar-
rier function. The so-called emollients plus, enriched with
additional active substances, such as flavonoids, saponins
and bacterial lysates from Aquaphilus dolomiae, Vitreoscilla
filiformis are nowadays recommended. They show anti-in-
flammatory and anti-pruritic effects, as well as inhibit the
growth of S. aureus and restore homeostasis of skin micro-
biome in AD®.

In their study in 6-month-old infants with a positive family
history of AD, Glatz et al. showed a greater diversity of skin
microflora in the group of children treated with emollients
than in controls®V. A similar clinical study by Seite et al. in
a group of 49 AD patients showed an increase in the spe-
cies diversity of the skin microbiome and a decrease in the
number of Staphylococcus species®?.
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Topical anti-inflammatory treatment

In addition to emollient therapy, topical anti-inflammato-
ry drugs are used as second-line treatment. Topical gluco-
corticoids (GCs) have been proven to reduce skin colonisa-
tion with S. aureus. However, it should be remembered that
long-term steroid therapy, even topical, may be associated
with adverse effects. Therefore, intermittent use of topical
corticosteroids every 2-3 days alternating with emollients
is recommended®.

Topical calcineurin inhibitors (tacrolimus, pimecrolimus)
show anti-inflammatory effects by inhibiting T-cell activa-
tion and release of inflammatory cytokines®.
Wongpiyabovorn et al., who included a group of 9 AD pa-
tients undergoing 4-week monotherapy with tacrolim-
us in their study, also showed a significant increase in the
percentage of commensal species such as Dermacoccus,
Pseudomonas, Corynebacterium, Proteus, and a lower
count of Actinobacteria and Proteobacteria in the skin
microbiota®.

Antimicrobial treatment

The risk of coexisting bacterial, viral or fungal infections
and the need for antimicrobial therapy should be consid-
ered in patients with AD, especially during exacerbations.
Octenidine, chlorhexidine, mupirocin, fusidic acid and re-
tapamulin as well as antiseptic baths with sodium hypo-
chlorite have been shown to effectively reduce staphylococ-
cal skin colonisation and improve the clinical condition®.
However, it is important to note the possible development
of antibiotic resistance as a result of chronic therapy, as well
as the negative impact of prolonged antimicrobial treatment
on the natural skin microbiome™®. Oral or intravenous an-
tibiotic therapy is recommended only in patients with sys-
temic symptoms of bacterial superinfection®.

Probiotics

Currently, many clinical trials suggest the possible involve-
ment of the intestinal microflora in the modulation of sys-
temic inflammatory reaction and immunological processes,
and thus in the development of allergic disorders. Probiotics
may be a potential preventive measure against AD as they
improve the integrity of the epithelial barrier and restore
Th1/Th2 balance®.

In their 2019 meta-analysis of 28 articles, Li et al. found
a reduced incidence of AD in children who were supple-
mented with probiotics both in the prenatal and postna-
tal period®).

A study by Wu et al. in a group of AD children aged 4-48
months who were put on 8-week therapy with Lactobacillus
rhamnosus showed a significant improvement in symptoms
assessed with the SCORAD (Scoring of Atopic Dermatitis)
index®). A similar effect was reported by Niccoli et al. after
a 4-week oral therapy with Lactobacillus salivarius LS01%7),
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Some species of coagulase-negative staphylococci that nat-
urally colonise the skin inhibit the growth of their competi-
tors, such as S. aureus, by secreting antimicrobial peptides®.
The communities of strains producing these lantibiotics are
reduced on atopic skin, which is mostly colonised by S. au-
reus. Nakatsuji et al. pointed to the possibility of develop-
ing targeted antimicrobial therapy for AD based on the use
of specific commensal strains of coagulase-negative staph-
ylococci in the future®.

CONCLUSIONS

Atopic dermatitis significantly reduces the quality of life
of the affected patients. Therefore, it is essential to expand
knowledge about the pathophysiology of AD and possible
methods of preventing its future exacerbations. Currently,
an increasing number of authors focus on the role of ab-
normal skin microbiota in the pathogenesis of the disorder.
The key role in the development of skin dysbiosis in AD is
played by S. aureus, which is the most prevalent species in
the microbiome of atopic skin, especially during exacerba-
tions or after treatment discontinuation. The currently used
AD treatment approaches have a proven effect on reducing
skin colonization with S. aureus. Thus, it can be conclud-
ed that therapy based on restoring skin microbiota homeo-
stasis may be the key to treatment with long-lasting effects,
and perhaps it may also help prevent the development of
AD in the future.
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