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ABSTRACT

The skin microbiome is very diverse. Fungi are a mandatory part of it. The biological role of non-dermatophytic keratinolytic
saprophytic fungi is in the decomposition of keratinized skin debris and its appendages in the soil. Non-dermatophytic
keratinophils inhabiting human skin may be potential causative agents of opportunistic skin mycoses, making the findings
relevant. The aim of the study was to study the microbial landscape of the skin of the hands of adolescents among schoolchildren
and students and the keratinophilic properties identified by micromycetes. The object of the study were 43 healthy adolescents
aged 12 to 18 years, from whom samples of biomaterial were taken. The health status of young people with physical inactivity,
vitamin deficiencies, cases of acute respiratory viral infections and acute respiratory infections was studied by questionnaires.
A high rate of carriage of all representatives of pathogens of skin mycosis was established in school-age boys with prevalence
of mold (61.5%) and yeast (66.7%) fungi. Among students, carriers of classical dermatophytes were mainly girls (80.0%),
mold and yeast fungi - mainly young men (64.0%). A total of 35 isolates were isolated, 13 species of fungi were identified
to the genus: Penicillium spp. (11%), T rubrum (11%), Alternaria spp. (6%), T. mentagrophytes (8%), T. verrucosum (6%),
A. niger (9%), A. flavus (3%), M. canis (3%), Ch. globosum (3%), A. pullulans (3%), Cladosporium spp. (3%) and others.
The keratinophilic properties of micromycetes were confirmed by abundant mycelial growth, active spore formation, and
accumulation of spores both on the surface of the cuticle (ectothrix) and in the thickness of the hair (endothrix), which were
detected by microscopy.
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1. INTRODUCTION Depending on the cleanliness of the skin, 1 cm? can con-
tain from several hundred thousand to millions of microorgan-
isms. Most microorganisms inhabiting human skin are harm-
less, but some of them are associated with dermatological
diseases [2, 3, 4]. Skin microbiota can affect human health,

. . o . . and its imbalance and dysbiosis contribute to the development
and their composition and quantitative ratio are unique for o
each and determined by the genetic composition of the mi- of skin diseases [3, 6].
crobiome [1]. A properly functioning skin microbiome is a complex set
of microorganisms consisting of bacteria, fungi, viruses, mi-
croeukaryotes (mites), archaea and phages. Fungi are an es-
sential part of the skin microbiome, mainly belonging to the
Ascomycota and Basidiomycota phyla. The dominant genus is
Malassezia. The highest level of fungal diversity is observed
on the feet, where they are colonized by Aspergillus, Cryp-
tococcus, Rhodotorula and Epicoccum. Species composition,
abundance and distribution on the skin surface can vary de-
pending on internal and external factors [7]. The number of
fungi colonizing the skin of the feet reaches 80 on the sole

The skin is the largest organ of the human body, colonized
by a diverse environment of microorganisms, most of which
are harmless or even beneficial to their host. Human skin is
inhabited by a huge variety of bacteria, viruses, and fungi,

Microbial communities of the skin are very diverse and
complex. The qualitative composition of the microbiota pres-
ent on the skin and mucous surfaces of open cavities includes
tens and hundreds of different types of microorganisms. Col-
onization is determined by the ecology of the skin surface,
which varies greatly depending on the topographic location,
endogenous host factors, and exogenous environmental fac-
tors. Understanding the skin microbiome is necessary to un-
derstand the microbial involvement in human skin diseases

[2].
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of the heel. The most frequently isolated genera are Malas-
sezzia, Cryptococcus, Aspergillus, Rhodotorula, Epicoccum,
Candida, Saccharomyces, Epidermophyton, Trichophyton and
Microsporum [8, 9]. An analysis by McCall et al. [10] showed
that the fungal profile of human foot skin correlates with ur-
banization. Trichosporon, Debaryomyces, and Saccharomyces
are characterized by a decrease in the number of microorgan-
isms on the feet with urbanization, while an inverse correla-
tion was found for Candida and Aspergillus [7, 8].

Hands are the most important vector for the transmission
of microorganisms between people, pets, various objects, and
the environment [11, 12]. The hand microbiota shows high
stability over time, despite exposure to adverse environmen-
tal factors [13, 14].

Most fungal organisms identified on healthy skin belong
to the genus Malassezia. Candida spp. rarely colonize hu-
man skin, but can be determined, causing clinical symptoms
of candidiasis in conditions of immunodeficiency, diabetes,
or after the use of antibiotics [15, 16]. It is known that the
composition of the human skin microbiome is determined by
genetics, environmental factors, and the local microenviron-
ment [17, 18]. It is believed that the human skin microbiome
remains relatively stable over a long period, despite constant
contact with potentially contaminated sources and regular
hygiene procedures [6]. However, various publications indi-
cate that the composition of the skin microbiota is constantly
changing, with an increase in the number of yeasts and molds
in its composition [7, §, 9, 10, 15].

In turn, the composition of the microbiome can change
in the presence of any disease. Thus, the skin microbiome of
acne patients is represented by a mixed microbiota. The pres-
ence of bacterial biota (Cutibacterium acnes, Staphylococcus
epidermidis, S. aureus), fungal-bacterial associations, which
include the yeast C. albicans, is noted. In the microbiota of the
facial skin of patients with seborrheic dermatitis, the presence
of Malassezia furfur fungi in association with bacteriobiota is
dominant, mixed coccal-rod biota is found. A distinctive fea-
ture of the microbial landscape of patients with rosacea is the
presence of fungal-bacterial associations, mainly due to C. al-
bicans, or coccal biota, represented by S. epidermidis [19]. In
adolescents diagnosed with COVID-19, Streptococcus pneu-
moniae and Candida albicans were identified in the skin mi-
crobiota [20, 21].

Almost every fifth inhabitant of the Earth faces one or
another form of mycosis at least once in their life. Accord-
ing to various estimates, mycoses account for 37-70% of all
skin diseases, they are often associated with allergic derma-
toses, viral and bacterial infections [22]. The expansion of
the spectrum of pathogens of fungal infections is associated
with global climate change, with an increased number of pro-
fessions accompanied by physical inactivity, with a decrease
in the immune status due to refusal to vaccinate, the recent
COVID-19 pandemic and a number of others [3]. The main
pathogens of fungal infections are the genera Trichophyton,
Candida, Aspergillus and Cryptococcus [5]. In patients with
dermatophytosis (trichophytosis, microsporia, scab, rubromy-
cosis, epidermophytosis), the microbiota containing keratino-
philic fungi, especially imperfect filamentous fungi Micropso-
rum spp., Epidermophyton spp., Trichophyton spp., Nannizzia
spp., Arthroderma spp. and a number of other recently added

genera, prevails [23, 24, 25, 26, 27, 28]. It has now been es-
tablished that in addition to classical keratinophiles, or der-
matophytes, there are many other keratinophilic ecologically
significant species of fungi. Among them are Chrysosporium
spp., Psuedogymnoascus spp., Geomyces spp., Pectinotrichum
spp., Renispora spp. and a number of others [29, 30]. Re-
cently, there has been an increase in the number of cases of
detection of fungi of the genera Aspergillus, Alternaria, Cha-
etomium, Phoma, Penicillium, Cladosporium, Candida and
other representatives of mold fungi and yeast from affected
areas of human and animal skin [13, 14].

The biological role of these non-dermatophyte keratino-
Iytic fungi, which are saprophytes, is to decompose kerati-
nized remains of the skin and its appendages in the soil. The
ability of saprophytic fungi to destroy and absorb keratin lo-
cated in the surface tissues transfers them to the category of
opportunistic pathogens of skin mycoses and determines the
pathogenicity of these fungi [31, 32, 33].

The current state of the problem of skin mycoses, the iden-
tification of new pathogens colonizing the skin and causing
emergent mycoses in humans, the impact of changes in nat-
ural and climatic factors, physical inactivity of adolescent
students, COVID-19 and other infectious diseases make the
timely detection and identification of human skin microbiota
very relevant.

The purpose of the study is to study the microbial land-
scape of the skin of the hands of adolescents among school-
children and students and the keratinophilic properties of the
isolated micromycetes.

2. MATERIALS AND METHODS

For the period from 2023 to 2024, 43 healthy adolescents
with no skin complaints were observed. The health status of
the young people was assessed using questionnaires. The
questionnaire included questions regarding immune status,
premorbid condition, and the presence or history of chronic
non-communicable diseases. Inclusion criteria for the study
were age 12—18 years, the absence of complaints and clinical
signs of skin diseases at the time of examination, and consent
to participate in the study, approval by the ethics committee
(Local Bioethics Committee of Astana Medical University,
Decision No. 1, Meeting No. 4 dated 01.13.2024), as well
as information on the receipt of informed consent from par-
ents/legal representatives and the consent of the adolescents
themselves.

Microbiological and mycological studies of skin, nail, and
subungual tissue samples were conducted by the national lab-
oratory based at the microbiology laboratoryof the Depart-
ment of Microbiology and Virology named after Sh.I. Sar-
basova of the NJS «Astana Medical University» and the
microbiology laboratory of the Scientific and Production
Platform of Agricultural Biotechnology of the NJS «Kazakh
Agrotechnical Research University named after S. Seifulliny.

Sampling was carried out using a standard method [34] on
healthy areas of the skin, nails, and subungual space of the
hands of young people aged 12 to 18 years, of whom 25 were
schoolchildren and 18 were students. All samples from each
participant in the experiments were combined and labeled as
hand skin samples.
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Primary isolation of pathogens was carried out on Sab-
ouraud media: Sabouraud dextrose agar and Sabouraud me-
dium with the addition of chloramphenicol (Titan Biotech Ltd,
India) to suppress the growth of extraneous bacterial flora.
Cultivation was carried out at 28°C for 12-15 days. Isolation
of pure culture was carried out on Sabouraud medium, with-
out the addition of antimycotics [35].

Microscopic analysis of the morphological structures of
micromycetes was carried out on a trinocular transmitted light
microscope AxioScope Al (Zeiss, Germany) at a magnifica-
tion of x40 [36]. The keratinolytic properties were determined
using the classical hair perforation test, which was carried
out in accordance with standard mycological procedures [37].

Species identification was performed based on macro-
scopic and microscopic features visible in the obtained cul-
ture (characteristic hyphae and spores) using classical myco-
logical criteria, including colony morphology, pigmentation,
and microscopic characteristics [38].

DNA extraction and molecular genetic identification were
performed according to the method described by [39].

3. RESULTS

According to the set objectives, a total of 43 samples of
biomaterial were collected from young people aged 12 to 18,
schoolchildren and students, permanently or temporarily re-
siding in Astana. Of the total number of young people, 20
samples were collected from girls, 23 samples were collected
from boys. Of these, 25 samples were from schoolchildren, in-
cluding 40.0% from girls, 60.0% from boys; 18 samples were
from students, which amounted to 55.6% and 44.4%, respec-
tively. In the group of 25 schoolchildren, girls made up 40.0%
(10 people) and boys — 60.0% (15 people). In the group of 18
students, girls made up 55.6% (10 people) and boys — 44.4%
(8 people). In total, of all those examined, there were 20 girls
(46.5%) and 23 boys (53.5%). The age composition of the ex-
amined young people is presented in Figure 1. The health sta-
tus of the young people who took part in sampling and sur-
veys is presented in Figure 2.

Analysis of 43 samples of biomaterial collected from
healthy schoolchildren and students showed that young peo-
ple are carriers of micromycetes of various species, includ-
ing dermatophytes. It should be noted that 2 or more isolates
were obtained from some samples; the total number of iso-
lates amounted to 35 strains. No micromycete growth was de-
tected in 11 samples (Table 1).

Thus, the isolation of micromycetes from biomaterial of
healthy young people in Astana revealed that the prevalence
of dermatophytes on the skin of the hands and subungual area
was 22.3%, opportunistic mold fungi and yeasts — 58.1%, and
in 25.6% of cases, no fungal microflora was detected on the
skin of young people.

Analysis of the spectrum of isolated opportunistic mold
isolates revealed a high carriage rate of all pathogens caus-
ing skin mycoses in boys compared to girls, with molds pre-
dominating (61.5%). The distribution by group was as fol-
lows: schoolchildren (62.5%) and students (37.5%). Analysis
of the spectrum of isolated yeast isolates in the group of boys
compared to girls also revealed a high carriage rate of 66.7%
(Figure 3).

As can be seen from Figure 3, in schoolgirls these in-
dicators were found in values from 7.6% to 30.7%. Among
students, carriers of classical dermatophytes are mainly girls
(80.0%), mold and yeast fungi - mainly young men (64.0%).
It should be noted that in each group the number of samples
with no growth of micromycetes had quite high indicators:
schoolchildren (girls and boys) - 27.3%, students - from 9.1%
to 45.4%, respectively. There are publications on the appear-
ance in the skin microbiome of new representatives of the mi-
crobial world that have adapted to living on the skin. One of
the factors in the adaptation of microorganisms to living on
the skin is the presence of enzymes that promote the break-
down of human keratin [40]. In nature, there are saprophytic
microorganisms-biodestructors, such as Chrysosporium spp.,
Psuedogymnoascus spp., Geomyces spp., Pectinotrichum spp.,
Renispora spp. and a number of others, synthesizing the en-
zyme keratinase [32, 33]. The most well-known keratinolytic
fungi are of the genera Aspergillus, Penicillium, Fusarium,
Microsporum, Trichoderma and Chrysosporium [41]. There-
fore, their appearance in the microbiome is quite predictable,
especially since keratin is a structural component of skin, hair,
and nails in humans [42].

Our results are consistent with the data of foreign authors
who reported changes in the composition of the skin micro-
biota. Thus, from the total number of positive samples, a to-
tal of 35 isolates were isolated, 12 fungal taxa were identified
to the genus (Figure 4).

As can be seen from Figure 4, the detection rate of derma-
tophytes of the genus Trichophyton was 28%, including the
following species: T. rubrum — 11%, T. mentagrophytes — 8%,
T. verrucosum — 6%. The causative agent of microsporia M.
canis was isolated in 3% of cases.
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Figure 1 — Age and gender data of the examined groups of healthy youth in Astana.
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Figure 2 — Health status of the examined groups of healthy young people.

Table 1 — Isolation of pathogens from biomaterial of healthy young people in Astana.
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Figure 3 — Age and gender data of the examined groups of healthy youth in Astana: D — dermatophytes, MF — mold fungi,

Y — yeast, N —

The detection rate of mold fungi was 37%. Opportunis-
tic filamentous fungi had the following indicators: Penicil-
lium spp. — 11%, A. niger — 9%, Alternaria spp. — 6%, A.
favus — 3%, Ch. globosum — 3%, A. pullulans — 3%, Clad-
osporium spp. — 3%. As can be seen from the obtained data,
the highest percentage of isolation was recorded among rep-
resentatives of Penicillium spp., Aspergillus spp., Alternaria
spp. The remaining micromycetes were represented by one
strain each (37%).

The detection rate of Candida spp. yeasts was 34%, while
Rhodotorula spp. was 3%. C. albicans was the most com-
mon yeast species, at 17%. The high detection rate of the
opportunistic species C. parapsilosis was alarming, at 14%.
Rhodotorula spp. was detected in only one case (3%).

It should be noted that associations of dermatophytes with
molds and yeasts were detected in the skin microbiome of

no growth.

healthy adolescents: 7. rubpum + Penicillium spp. + Candida
spp. (1 case), T. verrucosum + Penicillium spp. (1 case), and
T. rubrum + Aspergillus spp. (2 cases).

Samples of micromycetes (10 samples) with cultural and
morphological characteristics that differed markedly from
widely known and easily identifiable saprophytes were sub-
jected to molecular genetic identification using universal /7.5/
ITS primers (Table 2).

Based on the results of molecular genetic identification,
new species of micromycetes were identified: P. rubens — 4
strains, A. alternata — 1 strain, G. galactomycetum — 1 strain,
C. sphaerospermum — 1 strain. One strain was identified to the
genus level — Cladosporium. Two strains were not identified.

Analysis of the keratinophilic properties of isolates raised
in pure culture revealed that 71.4% of all strains included in
the study possessed keratinophilic properties. The keratino-
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Figure 4 — Taxonomic composition and percentage ratio of fungi isolated from samples of biomaterial of healthy youth.

philic properties of micromycetes were confirmed by abun-
dant mycelial growth, active sporulation, and accumulation
of spores both on the surface (ectothrix) and in the thickness
of the hair (endothrix) (Figure 5).

As can be seen from Figure 5, 20% of the strains out of the
total number were characterized by active mycelial growth,
the ability to grow inside the hair and form spores is charac-
teristic of 13% of the strains, 60% of the strains could cause
melting and perforation of hair, mycelial growth on hair with
longitudinal spore placement on the surface and melting of
the hair - 7% of the strains.

The keratinophilic properties of the micromycetes were
confirmed by abundant mycelial growth, active spore forma-
tion, and spore accumulation both on the surface (ectothrix)

and within the hair shaft (endothrix). The pattern of lesions on
human hair was clearly visible, revealing both keratinophilic
and keratinolytic properties in the isolated isolates (Figure 6).

As Figure 6 shows, the activity of keratinolytic enzymes
of various dermatomycete fungi allows for the breakdown
of hair keratin, which is visually manifested by thinning and
melting of the hair, the appearance of darkening at the lateral
edges of the hair, foci of perforation in the form of charac-
teristic «pegs,» and uncharacteristic cup-shaped or acute-an-
gled lesions.

4. DISCUSSION

There are publications on the emergence of new microbial
representatives in the skin microbiome, adapted to life on the
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Figure 5 — The number of keratinophilic fungi isolated from the biomaterial of healthy young people and the hair lesions
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Table 2 — Molecular genetic identification of isolates was carried out based on sequencing of the /7S region.

Type

Sequence

26 Penicillium
rubens

ATCGATGAAGAACGCAGCGAAATGCGATACGTAATGTGAATTGCAAATTCAGTGAAT-
CATCGAGTCTTTGAACGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTC-
CGAGCGTCATTTCTGCCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCGATC-
CCGGGGGACGGGCCCGAAAGGCAGCGGCGGCACCGCGTCCAGGTCCTCGAGCG-
TATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGCTTGCCGATCAACCC

18B Penicillium
rubens

AACTTCACACAAGCTTCCCCGAGGAGGGAATATGAGAACAACCCGAAATCCACG-
CAAATTCGAACTATCTCCGCGGGTCTCCTAAGGAAGCATCGATGAACAACGCGC-
GAGTGCTTGCGAATTGTGAATTTCATATTCTCTTTTCATCGAGTCTTTCACCCCGATTG-
CGCCCCCGGGTATTCCGGGGGGCATGCTTGTCCGACTCAATTTCTGCCCTCATG-
CACGGTTGTGTGTTGGGCCCCGTCCTCAGATCCCGGGGGACGGTCCTGACAG-
CAGCGGTGGTCCGACTCTGGTCTTCAAGCGTATGGGGTTTGCCCCCGCTCTGTAG

18a Cladospori-
um sp.

TTGCGTAACTTTGCAGTCTGAGTAAATTTAATTAATAAATTAAAACTTTCAA-
CAACGGATCTCTTGGTTCTGGCATCGATGAAAAACGCAGCGAAATGCGATA-
AGTAATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTG-
CGCCCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACT-
CAAGCCTCGCTTGGTATTGGGCGACGCGGTCTGCCGCGCTCCTTAAATC-
GACCGGCTGGGTCTTCTGTCCCCCTCAGCGTTGTGGAAACTATCCCGCT

3 Penicillium
rubens

CTCCACGGGTCCTCTCTGGTTCAAGGCATCGATGAAGAACGCAGCGAAATG-
CGATACGTAATGTGAATTGCAAATTCAGTGAATCATCGAGTCTTTGAACGCA-
CATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTG-
CCCTCAAGCACGGCTTGTGTGTTGGGCCCCGTCCTCCGATCCCGGGGGACG-
GGCCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGC

18 cax

Cladosporium
sphaerospermum

TGCGTAACTTTGCAGTCTGAGTAAATTTAATTAATAAATTAAAACTTTCAACAAC-
GGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTA-
ATGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGC-
CCCCTGGTATTCCGGGGGGCATGCCTGTTCGAGCGTCATTTCACCACTCAAG-
CCTCGCTTGGTATTGGGCGACGCGGTCCGCCGCGCGCCTCAAATCGACCGGCT-
GGGTCTTCTGTCCCCTCAGCGTTGTGGAAACTATTCGCTAAGGTGCCACGGGA

14 Geotrichum
galactomycetum

ATATTTCTTGTGAATTGCAGAAGTGAATCATCAGTTTTTGAACGCACATTGCACTTTGGG-
GTATCCCCCAAAGTATACTTGTTTGAGCGTTGTTTCTCTCTTGGAATTGCTTTGCTCTTCTA-
AAATTTCGAATCAAATTCGTTTGAAAAACAACACTATTCAACCTCAGATCAAG-
TAGGATTACCCGCTGAACTTAAGCATATCATTAAGCGGAGGAACCCGCAGGTGCGC

010 Alternaria
alternata

AACTTAAATTTAGCTTCTCGGAGTCAGGGATATGAGAACATCACGAATTACACGTTA-
ATTCAACTGATCTCCGGGGGCTGGCCTAGAGAAAGAACGCAGCGAAATGCGATAAG-
TAGTGTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTG-
GTATTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTG-
GTGTTGGGCGTCTTGTCTCTAGCTTTGCTGGAGACTCGCCTTAAAGTAATTGGCAGC

13B Penicillium
rubens

ACACCCTCGTCCTCTGGCTGAAGATTGTAGACTGACCGAAAATATACATTATTTA-
AAACTTTCTCCACGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCGAAATGC-
GATACGTAATGTGAATTGCAAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCG-
CCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTTCTGCCCTCAAGCACG-
GCTTGTGTGTTGGGCCCCGTCCTCCGATCCCGGGGGACGGGCCCGAAAGGCAGCGGC-
GGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGC

skin. We identified dermatophytes at 28.6%, molds at 37.1%,
and yeasts at 34.3%. Our results are consistent with data from
international authors reporting changes in the composition of
the skin microbiota [7, 8, 9, 10, 15].

One factor in the adaptation of microorganisms to life on
the skin is the presence of enzymes that promote the break-
down of human keratin [40]. Saprophytic microorganisms that
are biodegraders exist in nature, such as Chrysosporium spp.,
Psuedogymnoascus spp., Geomyces spp., Pectinotrichum spp.,
Renispora spp., and several others, which synthesize the en-
zyme keratinase [32, 33]. The most well-known keratinolytic
fungi are of the genera Aspergillus, Penicillium, Fusarium,

Microsporum, Trichoderma, and Chrysosporium [41]. There-
fore, their presence in the microbiome is highly predictable,
especially since keratin is a structural component of human
skin, hair, and nails [42].

According to our results, dermatophytes were predomi-
nantly present on the skin of healthy young people in mono-
culture (31 samples). Dermatophyte growth in association
with molds or yeasts was detected in 4 cases.

Previously, dermatophytes were reported to be associated
with micromycetes (17.7%), less frequently with yeast-like
fungi (5.9%), and 2.2% of cases were associated with yeast-
like fungi and micromycete fungi. The authors also found that
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Figure 6 — Hair lesions caused by keratinophilic fungi: A — absence of lesions, B — ectothrix, C — endothrix, D — mycelium
growth + perforation, E — cuticle ruptures, F — capsule and hair perforation.

fungi of the genus Trichophyton, in monoculture or in associ-
ation with micromycetes and candida, were isolated from the
nails and skin of the hands in 8.1% of cases [34]. These data
are consistent with our results, where associations of derma-
tophytes with mold fungi and yeasts were detected in the skin
microbiome of healthy adolescents in four samples: 7. rubpum
+ Penicillium spp. + Candida spp.; T. verrucosum + Penicil-
lium spp.; T. rubrum + Aspergillus spp. — a total of 9.3% of
the total number of samples (43 samples).

The activity of keratinolytic enzymes in various dermato-
mycete fungi allows for the breakdown of hair keratin, which
is visually manifested by thinning and melting of the hair, the
appearance of darkening at the lateral edges of the hair, foci
of perforation in the form of characteristic «pegs,» as well as
uncharacteristic cup-shaped or acute-angled lesions [26, 27].
It should be noted that the degree of keratin absorption var-
ied. This was mostly manifested by abundant mycelial growth
on or near the hair, with the formation of mycelial mass clus-
ters in the form of rounded colonies, the formation of a sheath
along the hair, or disordered mycelial growth with chaotic
entanglement of the hair fiber. The second criterion was the
analysis of sporulation and spore accumulation on, within,
or around the hair. The third criterion for assessing keratino-
philicity was the ability to alter the hair’s appearance and form
foci of melting and thinning during mycelial growth, leading
to the formation of characteristic pegs or other forms of hair
melting. The fourth criterion was the ability to damage the
hair cuticle, causing visible damage in the form of cracks or
detachment of the superficial cuticle layer.

Keratinolytic properties manifest themselves through hair
dissolution [31]. All isolates of micromycetes obtained during
the research were analyzed for the presence of keratinolytic
properties. In our studies, 42.8% of isolates exhibited classic
hair perforation with the formation of pegs or focal hair melt-
ing along the entire length or in small areas with a decrease
in diameter. 9.5% of isolates developed characteristic «endo-
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thrix» lesions — visible spores lying in dense or sparse rows
within the hair’s thickness. The «ectoctyx» phenomenon was
also observed in hair: 14.3% of isolates demonstrated vigor-
ous mycelial growth and active sporulation on the outer hair
surface, causing ruptures, cracks, and detachment of the hair
cuticle. One isolate (4.8%) exhibited pronounced keratino-
philic and keratinolytic properties, causing hair damage in the
form of perforation and abundant accumulation of spores and
mycelium on the cuticle surface.

Based on the data obtained, it can be concluded that kerati-
nophilia may be the cause of the increased number of ecolog-
ically significant saprophytes in the human microbiome. For
example, species such as Trichophyton and Microsporum are
known for their keratinolytic activity and ability to colonize
these tissues. Our opinion is consistent with the authors who
believed that «keratinophilicity, or the ability to use keratin,
is an important factor in changing the composition and activ-
ity of the human microbiome, but the composition and activ-
ity of the human microbiome is influenced by a complex in-
teraction of various factors: host genetics, diet, environmental
factors, interaction with the immune system, drugs, age and
life stage [43]. Therefore, further studies of the fungal biota
of human skin are becoming an important aspect in improving
the health and quality of life of the population of Kazakhstan.

The study has several limitations. Firstly, the small sam-
ple size: a single study was conducted on healthy schoolchil-
dren and students. Secondly, the lack of a control group; There
was no positive control due to the aim of analyzing the skin
microbiota of healthy schoolchildren and students.

5. CONCLUSION

35 fungal isolates were isolated from 32 samples in the
microbiota of the skin of the hands of healthy adolescents, and
up to 13 taxa were identified: Penicillium spp. (11%), T. ru-
brum (11%), Alternaria spp. (6%), T. mentagrophytes (8%),
T. verrucosum (6%), A. niger (9%), A. flavus (3%), M. canis
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(3%), Ch. globosum (3%), A. pullulans (3%), Cladosporium
spp. (3%), Candida spp. (34%), Rhodotorula spp. — 3%. No
micromycetes were detected in 11 samples (25.6%). Mixed
microbiota from one biomaterial accounted for 9%, Bacillus
spp. and other bacteria — 3%. A high carrier rate of all skin
mycosis pathogens was found in boys (schoolchildren and
students), with molds (61.5%) and yeasts (66.7%) predom-
inating. Among students, carriers of classic dermatophytes
were predominantly female (80.0%), while carriers of molds
and yeasts were predominantly male (64.0%).

71.4% of micromycete strains isolated from adolescents
possessed keratinophilic properties. The keratinophilic prop-
erties of the fungal isolates were confirmed by abundant my-
celial growth, active spore formation, and spore accumulation
both on the cuticle surface (ectothrix) and within the hair shaft
(endothrix), which was detected by microscopy.
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MUKPOBHBIN NEN3AK U KEPATUHO®UJIbHBIE CBOMMCTBA MUKPOBUOTHI KOXKHU PYK
3JIOPOBOM MOJIOJEKHU B I. ACTAHA

Eunena Kyxap', Anmust BaiinyiicenoBa?, I'yabmar Baitanna'*, lynmepexe KoskaxmeroBa?, Apcennii I'puBacros?

'HAO «KATHNY um. C.Ceiidymunay», Acrana, Kazaxcran
2HAO «MeauuuHCKHi yHHBEpCUTET AcTaHay, Actana, Kazaxcran

* ABTOop-KoppecnoneHT, baiinuna I, gulshat 010@mail.ru

ABCTPAKT

MuKpOOHOM KOXKHU OueHb pasHooOpaseH. Ero 00s3aTebHON 4acThio SBISIIOTCS I'pUObI. brosornueckas posib HeJepMaro-
(DUTHBIXKEPATHHOIUTHYECKUX CalPO(GUTHBIX TPUOOB COCTOUT B Pa3/IOKEHUN OPOTOBEBIINX OCTATKOB KOXKH U €€ IPHUATKOB
B nouse. HenepmarodutHbiekepaTHHOMUIIBI, HACEISIIOLIMX KOXKY YeJIOBEKa, MOTYT ObITh MOTCHIUAIbHBIMU BO30Y U TEISIMH
OTNITOPTYHUCTUYECKUX MHKO30B KOXKH, YTO JEJaeT aKTyalbHBIMU MTOJYYCHHBIE Pe3ynbTaThl. Llenbio uccnenoBanus ABIsIIOCH
U3y4yeHHe MUKPOOHOTO Nel3axa KOKHU PYK MOAPOCTKOB CPEAHN IIKOJILHUKOB U CTY/IEHTOB U KePaTHHO(PUIBHBIX CBOWCTB, BbI-
JIETIEHHBIX MUKpOMHIIETOB. OOBEKTOM HCClieoBaHus ObIN 43 310pOBBIX MOPOCTKA B Bo3pacTe oT 12 1o 18 j1et, y KOTophIxX
oTOupauck npodkl OnoMarepuana. AHKETUPOBAHUEM M3YUYEHO COCTOSIHUE 3/I0POBbsI MOJIOJIBIX JIFO/ICH, Y KOTOPBIX BBISIBJICHA
TUTIOJIMHAMHSI, aBUTaMUHO3bI, ciiydan OPBU u OP3.YcTaHoBjIeH BBICOKUH MTOKa3aTellb HOCUTENIbCTBA BCEX MPEACTaBUTENEH
BO30yIuTENe MUKO30B KOXKH Y MaJIBYMKOB IIKOJILHOTO BO3PAcTa C MpEeBaJUPOBAHUEM IJIECHEBBIX (61.5%) 1 qpojioKeBbIX
(66.7%) rpu6oB. Cpeay CTYJeHTOB HOCUTEIISIMH KJIACCHYECKUX JIEPMaTO(HTOB SIBISUICH B OCHOBHOM jeByikH (80.0 %), mec-
HEBBIX U JIPOMOKEBBIX IPHOOB — B 0CHOBHOM [oHOIIH (64.0%). Beero BeigeneHo 35 U30sToB, HISHTUGUIIMPOBAHO 10 poaa 13
BU0B rpuboB: Penicillium spp. (11%), T. rubrum (11%), Alternaria spp. (6%), T. mentagrophytes (8%), T. verrucosum (6%),
A. niger (9%), M. canis (3%), Ch. globosum (3%), A. pullulans (3%), Cladosporium spp. (3%) n apyrue. M3yuenue kepa-
TUHO(QHIIBHBIX CBOWCTB MUKPOMHUIIETOB, BBIJISJICHHBIX OT MOJIPOCTKOB, IT0Ka3aio ux Haimuuue y 71,4% mrammos. Keparuno-
(uIbHbBIE CBOMCTBA MUKPOMHUIIETOB ITOJTBEPKIAIUCH OOMIBHBIM POCTOM MHUIIENIHS, aKTHBHBIM CLIOPOOpa3oBaHHEM, HAKOILIE-
HHEM CIIOp KaK Ha HOBEPXHOCTH KyTUKYJIbI (IHIOTPHUKC), TAK U B TOJIILE BOJIOCA (SHIOTPHUKC), BBISBIISIEMBIX IIPH MUKPOCKOITHH.

KiroueBrble ciioBa: MI/IKpOGI/IOM KOXXH1 4Y€JIOBCKA, MUKO3bI KOXH, CIICKTP, KepaTI/IHO(l)I/IJ'II)HOCTL, KepaTI/IHO(l)I/IJ'ILI
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Tyiiin

Tepi muxpobromacs! ete amyad Typii. OHBIH MiHAETTI Oediri — caHbIpayKyiakrap. JlepMaTtopuTTi emMec KepaTHHOINTH-
KaJIBIK, canpodUTTi CaHBIpAYKYIaKTapABIH OHOIOTHSUIIBIK POJIi TOMBIPAKTAFbI TEPiHiH KOHE OHBIH KOCBHIMIIATApBIHBIH Kepa-
THHZENTEH KaJIIBIKTapBIHBIH BIIBIPAYbIHAH TYPaabl. AlaM TepiciH MEKEHACHUTIH JepMaToQHUTTI eMec KepaTHHO(IIAEp OIl-
MTOPTYHHCTIK MUKO3IAPABIH BIKTHMAJ KO3ABIPFBIIITAPEI 00TYbI MYMKIH, OYJI HOTIKENEpAl 03€KTi eTe/i. 3epTTeyaiH MaKCaThl
OKYIIBUTAp MEH CTYACHTTEP apachIHIAFbI )KacecIipiMaepaiH KO TepiCiHiH MUKPOOTHIK MeH3aKbIH JKOHE OKIIayJaHFaH MU-
KPOMHIICTTEPAIH KePaTHHO(PIIIB/I KaCHeTTepiH 3epTTey Ooyasl. 3epTTey HbIcaHbl 12 MeH 18 xac apanbIFbiHIAFs 43 cay
JKacectipim O0JIIbI, onapaaH OrmomMaTeprall ChiHaMaIapsl anblHABL. CayarHaMa THITOJMHAMUS, BUTAMHH TammmbuibEsl, JKPBU
xone JKPA xarmaiimapsl aHBIKTAIFaH KacTap/IbIH ACHCAYIBIK KaFTaibiH 3epTTeai. 3eH (61,5%) xone amrsITKe! (66,7%) caHbI-
PpayKyJIaKTapbIHBIH OachkiM OOTyBIMEH MEKTEN KAChIHIAFbI YIIapaa Tepi MUKO3bI KO3IBIPFBIIITAPBIHBIH OapIiIbIK OKUTIEpiH Ta-
CBIMAILAAYBIH KOFaphl KepceTkimnti oenrinenni. CTyIeHTTep apachlHAa KIIACCUKAIBIK JepMaTOPUTTEPAIH TaChIMAIAAyIIbUIaphI
HerizineH Kpi3aap (80,0%), 3¢H jkoHE aIIbITKBI CAaHbIPAYKYJIAKTapsl — Heri3iHeH yap (64,0%) 6onapl. bapibEst 35 n3014T OK-
mIaynanFaH, 13 caHsIpayKyJIaK TaKCOHBI TYKbIMBIHA JIeHiH anbIKTanran: Penicillium spp. (11%), T. rubrum (11%), Alternaria
spp. (6%), T. mentagrophytes (8%), T. verrucosum (6%), A. niger (9%), M. canis (3%), Ch. globosum (3%), A. pullulans (3%),
Cladosporium spp. (3%) xone 6ackanapsl. XKacecmipimaepaeH OKIIayJIaHFaH MUKPOMHUIETTEP/IH KepaTHHO(DUIBAI KacHeT-
TEepiH 3epTTey OoNMapAblH mTaMmaapabiH 71,4%-biHna Oap ekeHiH KkepceTTi. MUKpOMHIIETTEpAIH KepaTHHO(MIBAI KaCHeTTepi
MUIETARIH MOJ ecyiMeH, OeICeH i criopaTaHybIMEH, MUKPOCKOTHS Ke31He aHBIKTAlIFaH KyTHKYJIa OeTiHae (SKTOTPHUKC)
)KOHE 1Al KAJIBIHABIFBIHAA (JHAOTPUKC) CIIOpasIap/IbIH )KUHATYBIMEH PacTaJIIbL.

KiarTi ce3nep: anam TepiciHiH MHKPOOHOMACHI, TEPI MUKO3aphl, CIIEKTP, KEPATHHODMIbAUIIK, KepaTnHODUIIED.
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