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ABSTRACT

Background and Aim: In the presence of eczema, the skin serves as a reservoir for endogenous and exog-
enous infectious agents. Therefore, in order to understand the mechanism of interaction between microorgan-
ism and the macroorganism, it is necessary to study the characteristics of the skin microbiota in individuals with
chronic eczema. The aim of this study is to determine the characteristics of changes in the skin microbiome
during relapse of chronic eczema depending on age and gender.

Methods: The results of a study of 80 patients with chronic eczema during relapse are presented. The study of
the skin microbiome used a culture-based method. Isolated pure cultures of clinical strains were identified us-
ing MICRO-LA-TEST® identification kits. Microorganism suspensions with a specific concentration of microbial
cells were prepared using a Densi-La-Meter.

Results: Gram-positive microflora, represented by Staphylococcus spp. and Streptococcus spp., predomi-
nated in the affected areas. A significant increase in microbial colonisation density was observed in men aged
61 to 81 years. In the control group, on the contrary, the highest colonisation density was observed in individu-
als aged 41 to 60 years.

Conclusions: Dysbiotic changes were detected in affected and unaffected skin areas during chronic eczema
recurrences across all age groups. It was found that women suffer more often (67.5% of cases) than men.
However, the density of microorganism colonisation of skin areas was higher in men, which may be due to
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hormonal differences and the influence of estrogens on the microbiome of the skin and mucous membranes.
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Introduction

The identification of interrelationships among the
components of the human body microbiota has ena-
bled specialists to advance to population-level studies
of microbial associations in various pathologies, par-
ticularly those affecting the skin. However, data on
the nature and severity of systemic disturbances in the
microbiota composition in chronic eczema, against the
background of dysbiotic changes caused by external
factors, remain fragmented and unsystematic, charac-
terized by a narrow approach and arbitrary interpreta-
tion of various indicators. The study of the human skin
microbiota is of particular relevance in the context of
socially significant chronic dermatoses, for which there
is still no clear understanding of the mechanisms of
etiology and pathogenesis. In this context, the skin
biotope serves as an example of a complex associative
interaction of microorganisms, whose potential etio-
logical significance in the course of chronic eczema
should not be underestimated. Eczema accounts for
up to 40% of all skin diseases, and among the various
clinical forms, microbial eczema occurs in approxi-
mately 30% of cases (1, 2). Temporary disability due to
eczema reaches up to 36% of all disability cases caused
by dermatoses (3, 4). Eczema is considered a polyetio-
logical disease, and the scientific literature indicates
that the dominant components of the microbiome in
affected skin areas in chronic eczema are gram-pos-
itive coccal bacteria, including Streprococcus pyogenes
with a wide range of serological variants, Staphylococcus
aureus, and Staphylococcus epidermidis (5, 6). In chronic
eczema lesions, gram-negative microorganisms such as
Proteus vulgaris, Escherichia coli, Klebsiella pneumoniae,
and Pseudomonas aeruginosa may also be detected. The

number of yeast-like fungi of the genus Candida spp.

(7, 8) is increasing, and they contribute to the eczema-
tous process as part of mixed infections in more than
half of all cases (9, 10). Foci of chronic eczema often
develop on the background of postoperative wounds,
trophic ulcers, and other skin lesions, particularly in
elderly individuals (11, 12). Comorbid background
conditions significantly impair the skin’s barrier func-
tion. The influence of microbial factors in the presence
of immunodeficiency leads to the persistence of micro-
bial allergens, sensitization of the body to infectious
agents and to the protein components of the skin it-
self (autosensitization) (13). Thus, the skin microflora,
on the one hand, serves as a defence mechanism, and
on the other hand, acts as a reservoir of pathogens of
exogenous and endogenous infections. Therefore, it
forms an ecological barrier that ensures colonization
resistance and decontamination of the host organism.
It is known that occupational factors negatively affect
the microbiome: against the background of dysbio-
sis, microorganisms acquire increased pathogenicity.
However, the role of specific representatives of the
skin microbiocenosis in the development and course
of chronic eczema remains insufficiently understood.
Microflora characteristics are recognised as indicators
of the impact of adverse environmental factors on the
host organism. However, this indicator is rarely used to
assess the impact of harmful occupational factors, and
the mechanisms underlying changes in the composi-
tion of the skin microbiota in chronic eczema remain
poorly understood. Thus, the study of the character-
istics of the skin microbiota in patients with chronic
eczema under various conditions of onset may serve
as one of the key elements in uncovering and under-
standing the mechanisms of interaction between the
micro- and macroorganism in this pathology. The aim
of this study is to investigate the characteristics of skin
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microbiome changes during relapse of chronic eczema
depending on age and sex.

Patients and methods

The primary study group consisted of 80 patients
with chronic eczema, including 54 women and 26
men, aged 24 to 81 years, without severe somatic or
infectious comorbidities. The control group included
20 individuals. Inclusion criteria: informed consent
to participate in the study; compliance with medical
recommendations; confirmed diagnosis of chronic ec-
zema. Exclusion criteria: history of biological therapy;
presence of severe somatic or infectious comorbidities;
use of systemic corticosteroids within 6 months be-
fore the start of the study. The study of skin microbio-
cenosis was conducted using a culture-based method.
Sample collection and bacteriological examination
were performed according to generally accepted tech-
niques (14). To isolate pure cultures, the following
recommended nutrient media were used: 5% blood
agar, serum agar, serum broth, Endo medium, yolk-
salt agar, Hugh-Leifson medium (OF-test), Mueller—
Hinton agar, and Sabouraud medium. Isolated pure
cultures of clinical strains were identified using
MICRO-LA-TEST® identification kits. Suspensions
of microorganisms with a specific microbial cell con-
centration were prepared according to the McFarland
standard using a Densi-La-Meter (PLIVA-Lachema
a.s., Czech Republic), following the manufacturer’s in-
structions: for Enterobacteriaceae, the turbidity of the
suspension corresponded to McFarland standard 1; for
Staphylococci and non-fermenting bacteria — standard
2; and for Streptococci and Fungi — standard 3. Statis-
tical analysis of the study results was performed us-
ing the StatSoft “Statistica 7” software package, with
the reliability of the obtained values determined us-
ing Student’s t-test (15, 16). This study was conducted
in accordance with the ethical standards and current
legislation of Ukraine, as confirmed by the Ethics
and Bioethics Committee of Kharkiv National Medi-
cal University (excerpt from protocol Ne 22 dated
October 3, 2024). The research was carried out within
the framework of the scientific project “Optimiza-
tion of prevention and therapy of secondary infectious

complications in dysbiotic patients with chronic der-
matoses”, state registration (Ne 01220200326, con-
ducted from 2022 to 2024).

Results

The patients ages ranged from 24 to 81 years.
Notably, among the examined patients, chronic ec-
zema was most frequently observed in individuals
aged 41-61 years (47.5%). In elderly individuals (aged
61-81), the prevalence of eczema was 32.5%, while in
the 2440 age group it accounted for 20% of cases.
In all age groups, women were affected more often
(67.5%) than men (32.5%). During the examination
of healthy individuals, the normal skin microbiota was
found to be composed of a variety of microorganisms.
The skin microbial consortium included representa-
tives of gram-positive flora, with the largest group
comprising Staphylococcus spp. Among the condition-
ally pathogenic microorganisms, Staphylococcus epider-
midis strains were most frequently detected, with the
highest colonization density observed in men aged
41-60 years (51.922.6 CFU/cm?). Staphylococcus sciuri,
Staphylococcus xylosus, Staphylococcus simulans, Micrococ-
cus luteus, and Enterococcus faecium were identified at
low frequencies and low colonization densities, and
were entirely absent in the 61-81 age group regardless
of gender. It is worth noting that Acinetobacter species
are present in the normal microbiota only in women
aged 2440 and 41-60 years. Enterococcus faecalis was
also present in the skin microbiota of the examined
individuals, with colonization densities ranging from
18.6+1.8 CFU/cm? in women aged 61-81 years to
43.9+2.4 CFU/cm? in men aged 41-60 years. In ad-
dition to coccal microorganisms, Corynebacterium spp.
formed a large group (Table 1).

Analysis of the skin microbiocenosis in affected
and unaffected areas in patients with chronic eczema
during relapse revealed a significantly higher density of
staphylococcal colonization in the affected skin regions
across all study groups, compared to both the adjacent
unaffected skin (p<0.05) and the control group values
(p<0.001). The average density of S. aureus colonization
in affected skin areas in patients with chronic eczema
aged 24-40 years (Table 2) was 490.9 + 4.9 CFU/cm?
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Table 1. Skin microbiome of the control group (n=20) depending on age and sex (M+m, CFU/cm?).

Type of 24-40 years (n=6) 41-60 years (n=8) 61-81 years (n=6)
Ne microorganism F (n=3) M (n=3) F (n=4) M (n=4) F (n=3) M (n=3)
1 S. aureus 32,6+1,2 39,2+1,8 42,4+2.2 48,1+2,4 21,8+1,6 28,4+1,2
2 S. epidermidis 42,6+2,8 48,4+2,2 49,2+2.4 51,9+2,6 31,4+2,2 39,2+2,1
3 S. saprophyticus 11,8+1,2 14,3+1,1 16,1+1,3 18,2+1,9 8,6+1,4 10,1+1,1
4 §. haemolyticus 6,2+1,6 7,6+1,2 8,6+1,2 9,8+1,3 4,8+1,2 6,2+1,4
5 S. warneri 3,6+0,2 4,2+0,2 4,5+0,5 5,9+0,8 2,9+0,8 3,4+0,6
6 8. hominis 6,2+1,2 8,4+1,6 9,8+1,6 10,6x1,2 4,113 6,2+1,8
7 S. capitis 5,3+1,1 6,1+1,2 7,2+1,4 8,5+1,5 3,5+1,5 4,8+1,6
8 S. sciuri 1,220,2 1,8+0,6 1,9+0,6 2,3+0,9 - -
9 S. xylosus 0,1+0,01 0,6+0,02 1,120,1 1,420,6 - -
10 S. simulans 0,2+0,02 0,9+0,3 1,40,2 1,8+0,4 - -
11 M. luteus 0,1+0,02 0,3+0,01 0,9+0,06 1,1x0,8 - -
12 E. faecium 0,6+0,02 1,120,08 1,320,1 1,9:0,6 - -
13 E. faecalis 31,2+1,4 36,1+1,7 38,8+1,9 43,9+2,4 18,6+1,8 24,2+1,4
14 Acinetobacter spp. 0,6+0,2 - 1,2+0,4 - - -
15 Corynebacterium 22,9+1,8 28,4+1,2 32,4+1,2 36,2+1,4 9,8+0,6 16,20,8

spp-
16 K. pneumoniae - - - - - -
17 Streptococcus spp. 41,2424 47,4+2,6 51,5+2,5 58,3+2,1 29,8+1,2 38,2+1,8
18 C. albicans 0,6+0,04 1,120,02 1,2+0,4 1,60,8 - -
19 P, aeruginosa - - - - - -
20 Proteus spp. - - - - - -

Table 2. Structure of the skin microbial consortium in patients aged 24-40 years (n=16) with recurrent chronic eczema

(M+£m, CFU/cm?).

Sex
Female (n=10) | Male (n=6)
Age group 24-40 years (n=16)

Ne | Type of microorganism affected areas intact areas affected areas intact areas
1 8. aureus 348,2+4,1* 133,6+3,6* 490,9+4,9** 179,6+3,6*
2 8. epidermidis 285,6+3,6" 97,2£2,3 319,1+4,5* 103,6+2,3*
3 8. saprophyticus 66,4+2,5* 22,4+1,3 84,5+2,4* 43,2+2,1*
4 S. haemolyticus 90,2+2,8*# 33,5+1,4 112,3+2,7+# 48,42 4*
5 S. warneri 157,4+3,5* 64,5+3,8" 198,2+4,5* 92,5+3,8"
6 S. hominis 98,3+2,9* 25,4+1,7 122,7+3,2%# 48,2+2,7*
7 8. capitis 58,1+1,6* 24,3+1,6 107,2+2,8* 47,4+2,6"
8 S. sciuri 63,1+3,2* 32,2+1,8 94,8+2,1* 48,6+2,8
9 8. xylosus 57,121,5% 16,2+1,6 88,2+2,4* 20,4+1,6
10 | §. simulans 592,4+4,8% 123,9+3,1* 631,2+4,6* 154,1+3,7*
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Sex
Female (n=10) | Male (n=6)
Age group 24-40 years (n=16)

Ne | Type of microorganism affected areas intact areas affected areas intact areas
11 | M. luteus 150,1+4,3** 42,3+2,4 192,7+3,8** 61,8+2,4*
12 | E. faecium 62,6+2,8 23,9+1,4 109,2+2,6* 42,5+25
13 | E. faecalis 624,2+4,2% 92,2+2,6 838,8+4,2* 126,4+2,8
14 | Acinetobacter spp. 436,8+4,6*" 34,9+2.8 632,3+4,1** 42,3+2.9
15 | Corynebacterium spp. 85+4,7** 16,8+1,6 102,5+3,5** 26,4+1,2
16 | K. pneumoniae 10,9+1,1* 1,60,2 14,6+1,2* 2,9+0,8
17 | Streptococcus spp. 96,2+2,8** 24,3+1,7 159,242 4 36,8+1,4
18 | C. albicans 37,6x2,4* 8,6+0,8 48,9+2,7* 11,8+0,9
19 | P aeruginosa 21,1+1,3* 1,2+0,2 28,6+1,4* 1,4+0,2
20 | Proteus spp. 18,2+1,4* 6,2+0,6 24,9+1,8* 9,6+0,8

Note: differences compared to the control group and contamination levels of

in males and 348.2 + 4.1 CFU/cm? in females, which
was significantly higher compared to the correspond-
ing values in adjacent unaffected skin areas (p < 0.05).
A predominance of certain Staphylococcus spp., such
as 8. epidermidis, S. warneri, and S. simulans, was ob-
served over other coccal microorganisms within the
skin microbiocenosis. Among the coccal flora, Mic-
rococcus [uteus was also detected, with a total coloni-
zation density of 192.7 + 3.8 CFU/cm? in males and
150.1 + 4.3 CFU/cm? in females, which exceeded the
colonization density in adjacent unaffected skin by 3.1
and 3.6 times, respectively (p < 0.05). A high coloni-
zation density was also noted for Enferococcus faecalis:
838.8 + 4.2 CFU/cm? in males and 624.2 + 4.2 CFU/
cm? in females. Among the gram-negative microor-
ganisms, Pseudomonas aeruginosa demonstrated the
highest colonization density in affected skin areas
(28.6 + 1.4 CFU/cm? in males and 21.1 £ 1.3 CFU/
cm? in females), followed by bacteria of the genus Pro-
teus spp. (24.9 + 1.8 CFU/em? and 18.2 + 1.4 CFU/
cm?, respectively).

The obtained results regarding the composition
of skin microflora in patients with the chronic eczema
during relapse indicate a significant difference between
the microbial composition of affected skin areas and
that of the adjacent intact skin near the demarcation
line, as well as the control group, in patients aged

intact skin areas are statistically significant: * p<0.001; # p<0.05.

41-60 years (Table 3). The skin microbiota in chronic
eczema is characterized by an increased proportion
of coccal flora representatives within the microbio-
cenosis of the affected skin, along with a high level of
microbial colonization density. A notable rise in the
significance of Staphylococcus spp., particularly Sraphy-
lococcus aureus, was observed. It is noteworthy that the
colonization density of microorganisms on even the
intact skin areas in this age group was higher than in
the 24-40-year age group. The colonization density
values of intact skin compared to affected areas varied:
a high level of colonization of intact skin was recorded
for Staphylococcus epidermidis 163.4 + 2.6 CFU/cm? in
men and 108.4 + 2.8 CFU/cm? in women; Staphylo-
coccus simulans demonstrated moderate colonization
199.7 + 3.6 CFU/cm? in men and 158.4 + 3.8 CFU/
cm? in women. On affected areas, however, the colo-
nization density of these microorganisms increased by
1.7 times in men and 2.3 times in women for Staphy-
lococcus epidermidis, and by 4.5 times in men and 4.6
times in women for Staphylococcus simulans, respec-
tively. Notably, the colonization density of Enterococ-
cus faecium was lower compared to Enterococcus faecalis
on the affected skin areas: 318.3 + 2.1 CFU/cm? and
905.1 + 4.9 CFU/cm? in men, and 224.3 + 2.9 CFU/
cm? and 834.6 £ 4.4 CFU/cm? in women, respec-
tively. Among representatives of the gram-negative
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Table 3. Structure of the skin microbial consortium in patients aged 41-60 years (n=38) with recurrent chronic eczema

(M + m, CFU/cm?).

Sex
Female (n=26) | Male (n=12)
Age group 41-60 years (n=38)
Ne | Type of microorganism affected areas intact areas affected areas intact areas
1 S. aureus 721,9+4,8* 163,2+3,4* 829,4+4,6* 198,4+3,8*
2 8. epidermidis 252,2+4 4* 108,4+2,8 284,6+4,2* 163,4+2,6
3 8. saprophyticus 114,6+3,4** 43,4+1,9 132,1+3,7** 68,2+2 4%
4 8. haemolyticus 128,4+3,2** 49,2+1,6 149,4+3,8"* 76,3+2,9*
5 S. warneri 204,1+4,3* 86,42 2* 248,1+4,3* 109,2+3,6*
6 |8 hominis 122,5+3,5* 65,4+2,8* 192,5+3,2% 89,3+2,9*
7 8. capitis 167,1+3,9** 62,9+2 3* 217,2+2,8% 92,1+2,3*
8 S. sciurt 127,8+2,2% 48,2+1,4 167,42,6* 87,2+2 4*
9 8. xylosus 108,4+1,6* 29,2+1,8 129,2+2 8" 38,1+1,9
10 | 8. simulans 724,2+4,6"* 158,4+3,8* 896,8+4,2+* 199,7+3,6*
11 | M. luteus 242 5+4 5" 61,422 329,2+3,6* 89,4+2,2*
12 | E. faecium 224,3+2,9% 45,6+1,2 318,3+2,1+ 68,4+2,8*
13 | E. faecalis 834,6+4,4* 115,4+2,8" 905,1+4,9* 191,7+2,3*
14 | Acinetobacter 618,2+4,8** 56,2+2,6* 782,1+4,3* 84,6+2,2*
15 | Corynebacterium spp. 109,6+4,2** 29,4+1,8 161,4+3,8* 47,2+1,4
16 | K. pneumoniae 19,1+1,7 1,9+0,3 26,2+1,6 3,7+0,9
17 | Streptococcus spp. 165,3+2,9** 32,6+1,8 224,4+2 8% 49,2+1,6
18 | C. albicans 61,9+2,1 12,3+0,7 85,6+2,2" 19,1+0,7
19 | P aeruginosa 29,8+1,6 1,9+0,3 36,4+1,6 2,8+0,8
20 | Proteus spp. 26,7+1,3 9,1+0,7 39,8+1,4 11,2+0,6

Note: Differences compared to the control group and contamination levels of intact skin areas are statistically significant: *p < 0.001; # p < 0.05.

microflora, a significant increase in the density of Aci-
netobacter spp. was observed: 782.1 + 4.3 CFU/cm?
in men and 618.2 + 4.8 CFU/cm? in women, which
significantly exceeded the corresponding values on
intact skin areas by 9.3-fold and 11-fold, respectively
(p < 0.05).

When analyzing the obtained results of the skin
microbiome in patients aged 61-81 years (Table 4)
with chronic eczema during relapse, it is important to
note that Staphylococcus aureus was most frequently iso-
lated from the patients’ skin. The affected areas showed
the highest levels of colonization: 968.2 + 6.8 CFU/
cm? in men and 805.4+5.2 CFU/cm? in women
(p < 0.001), which exceeded the values in the control

group by 34.1 times in men and 36.9 times in women.

In intact skin areas bordering the eczematous lesions,
the colonization density was 207.8 + 3.6 CFU/cm? in
men and 195.1 + 3.7 CFU/cm? in women, which was
7.3 and 8.9 times higher than in the control group,
respectively. The colonization density of Staphylococcus
epidermidis in the affected skin areas of this study group
was 421.3 + 4.7 CFU/cm? in men and 347.1 £ 4.9
CFU/cm? in women (p < 0.001). In intact skin ar-
eas, the colonization was 208.6 = 3.8 CFU/cm? in
men and 189.4 + 4.1 CFU/cm? in women (p < 0.05).
The density of Staphylococcus haemolyticus colonization
in the affected skin area in men was twice as high as
on the intact skin, and for women - 2.2 times higher.
Compared to the control group, these values were 36.8
times higher in men and 34.5 times higher in women
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Table 4. Structure of the skin microbial consortium in patients aged 61-81 years (n=26) with recurrent chronic eczema

(M#£m, CFU/cm?).

Sex
Female (n=18) | Male (n=8)
Age group 61-81 years (n=26)

Ne | Type of microorganism affected areas intact areas affected areas intact areas
1 S. aureus 805,4+5,2* 195,1+3,7* 968,2+6,8" 207,8+3,6*
2 8. epidermidis 347,1+4,9* 122,7+2,1% 421,3+4,7* 194,2+2,8*
3 8. saprophyticus 178,3+3,7+* 88,6+2,2* 207,2+3,6* 102,4+3,2*
4 8. haemolyticus 165,8+3,6** 74,6+2,8 228,4+3,8" 112,1+3,3*
5 S. warneri 286,4+4,8*" 99,2+3,4 305,1+4,9* 135,6+3,8*
6 | 8. hominis 209,2+4,5*# 108,1+2,7% 285,6+4,8* 163,13,7*
7 | S. capitis 252,7+4,1%* 89,4+2,8* 395,4+4,6* 109,6+3,8*
8 8. sciuri 186,2+3,8* 66,6+2,2* 291,2+4,2* 103,1+3,4*
9 | 8. xylosus 193,1£3,7** 48,121,9 246,2+4,6*" 76,4+1,6
10 | §. simulans 896,3+5,9%% 186,2+3,4* 952,3+6,1** 221,6+4,2*
11 | M. luteus 351,2+4,4* 96,729 456,8+4,2* 112,2+3,8*
12 | E. faecium 388,6+4,6%* 61,6+2,8 502,7+4,1* 96,1£2,7*
13 | E. faecalis 895,5+5,5%% 181,2+3,6 986,4+6,2** 216,8+4,2*
14 | Acinetobacter spp. 735,2+4,6%% 87,1+2,9* 892,6+5,8* 108,1+3,9*
15 | Corynebacterium spp. 162,13,7** 57,4+2,2 248,2+3,6* 96,4+2,8*
16 | K. pneumoniae 27,1+1,9* 2,8+0,6 42,1+1,7* 4,9+0,8
17 | Streptococcus spp. 218,9+3,8%# 54,6+1,2 337,2+4,6™ 86,1+2,7*
18 | C. albicans 91,3+2,9* 28,2+1,4 149,4+3,8*# 48,9+1,8
19 | P aeruginosa 34,2+1,4 2,4+0,8 42,1+1,9 4,1+0,9
20 | Proteus spp. 41,3x1,7 12,6+0,2 61,2+1,4 19,8+0,6

Note: Differences compared to the control group and contamination levels of intact skin areas are statistically significant: * p<0.001; # p<0.05.

(p <0.001). Similar changes were observed among
bacteria of other species. Thus, Micrococcus luteus was
most frequently detected in the affected skin area:
456.8+4.2 CFU/cm? in men and 351.2+4.4 CFU/cm?
in women, while this species was not identified in the
control group. The colonization density of Streptococ-
cus spp. in patients of this age group in the affected
area was 3.9 times higher in men and 4 times higher
in women compared to the intact skin area, reaching
337.2+4.6 CFU/cm? in men and 218.9+3.8 CFU/cm?
in women (p<0.05). Compared to the control group,
this indicator increased 8.8 times in men and 7.3
times in women, respectively (»<0.001). The coloniza-
tion intensity of Enterococcus faecalis and Enterococcus
Jfaecium species also increased in the affected areas: in

men 986.4+6.2 CFU/cm? and 502.7+4.1 CFU/cm?
and in women 895.5+5.5 CFU/cm? and 388.6+4.6
CFU/cm?, respectively. In the control, only Enzerococ-
cus faecalis was detected, the colonization density of
which was: in men 24.2+1.4 CFU/cm? and in women
18.6+1.8 CFU/cm?

Thus, in individuals suffering from chronic ec-
zema during relapse, an increased colonization density
by both gram-positive and gram-negative microorgan-
isms was observed on both affected and intact areas of
the skin. The intensity of colonization by gram-positive
microorganisms was higher than that of gram-negative
ones. The results obtained from the examination of
the skin of patients and healthy individuals during the
conducted study are consistent with the literature data
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and indicate significant diversity in the composition
of the microbiota and colonization density. The most
important characteristics of the bacterial population
include both qualitative and quantitative criteria: the
number and constant presence of microbes in the bio-
cenosis, that is, the level of contamination of the stud-
ied skin biotope (both the lesion site and the intact
area adjacent to the eczematous zone). A comparative
analysis of the quantitative composition of the micro-
biota in intact and affected skin areas of patients with
chronic eczema revealed significant differences in this
parameter, including various Staphylococcus spp. occu-
pied a dominant position in the skin microbioceno-
sis during relapse of chronic eczema, representing the
most numerous group of gram-positive microorgan-
isms in terms of both detection frequency and coloni-
zation density.

Discussion

Our study revealed significant alterations in the
composition and density of skin microbiota in patients
with chronic eczema during disease relapse. Both
lesional and adjacent intact skin areas exhibited in-
creased colonization, predominantly by gram-positive
coccal microflora (8. aureus, S. epidermidis, Streptococcus
spp.), as well as gram-negative microorganisms (Pro-
teus spp., P aeruginosa, Acinetobacter spp.). These find-
ings highlight the complexity of microbial shifts in
chronic dermatoses and are consistent with previously
published data on dysbiosis in chronic eczema. Our re-
sults align with those of Williams et al., who described
Staphylococcus aureus as a “master manipulator” of the
skin microenvironment, capable of inducing inflam-
mation, disrupting barrier function, and persisting de-
spite the host immune response (5). Excessive growth
of §. aureus is frequently observed in patients with
eczema and is associated with disease flares and poor
therapeutic outcomes. Similar results were reported
by Narreslet et al., who found that increased S. aureus
colonization positively correlated with eczema severity
(13). In our cohort, the highest colonization density
was recorded in males aged 61 to 81 years. This may be
attributed to age-related changes in the skin, the pres-
ence of comorbidities, reduced regenerative capacity,

and diminished immune responses. In contrast, in the
control group, the highest microbial burden was ob-
served in the 41- 60 age category, suggesting a sig-
nificant decline in colonization resistance in older
individuals. Previous studies have indicated that age-
ing skin becomes more susceptible to microbial im-
balance and colonization by opportunistic pathogens
(7, 8). A novel aspect of our study is the analysis of
sex-related differences. Although eczema was more
prevalent among females (67.5%), males demonstrated
significantly higher microbial colonization density on
both affected and unaffected skin areas. This may be
explained by hormonal differences, particularly the
protective role of estrogens in promoting a more stable
and diverse microbiome, whereas androgens may favor
the growth of opportunistic microorganisms (8, 13).
The role of gram-negative bacteria in eczema has been
less extensively studied. However, in our study, a nota-
ble increase in colonization by Pseudomonas aeruginosa,
Proteus spp., and Klebsiella pneumoniae was observed in
lesional areas, especially in elderly males. These bacte-
ria produce proteases and other virulence factors that
exacerbate epithelial damage and impair healing. This
supports the findings of Byrd et al., who noted that
although gram-negative species are less abundant, they
may dominate when skin barrier integrity is compro-
mised (7). Of particular interest is the high coloniza-
tion density of E. faecalis and E. faecium in eczematous
lesions. While these microorganisms are typically in-
testinal commensals, they are increasingly recognized
as pathogens in chronic skin conditions. Their pres-
ence may indicate translocation from other body sites
or secondary infection in the context of compromised
skin defenses. From a clinical standpoint, our findings
underscore the importance of microbiological evalu-
ation in patients with chronic eczema, especially in
cases of poor treatment response or frequent relapses.
Although broad-spectrum antibiotics are commonly
used, the identification of specific, highly colonising
microbial species may serve as a rationale for individu-
alised treatment approaches (e.g., topical probiotics,
bacteriophages, targeted antimicrobials). The com-
parative analysis of lesional and non-lesional skin also
deserves attention. Despite lower colonization density
in unaffected skin, it significantly exceeded that of the
control group, indicating the presence of a subclinical
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dysbiotic zone that may act as a reservoir for reinfec-
tion. Thus, our data support the contemporary concept
that the skin microbiome should be viewed not only
as a marker but also as an active participant in disease
pathogenesis. Studies by Berg et al. and Nerreslet et al.
further substantiate the ecological and immunological
role of the microbiome in maintaining skin homeosta-
sis (6,8). Our study contributes to the existing body
of knowledge by providing quantitative data stratified
by age, sex, and anatomical location, thereby enhanc-
ing the understanding of dysbiotic changes in chronic
eczema.

Study limitations

The microbiological analysis in our study used
culture-dependent methods, which do not capture the
full diversity of the skin microbiome. Future research
employing molecular techniques such as 16S rRNA
sequencing may provide more detailed insights into
the microbial composition.

Future directions

Given the patterns observed, future studies should
focus on elucidating the immunological and molecular
mechanisms through which the microbiota influences
the course of chronic eczema. Longitudinal monitor-
ing of microbiome changes during remission and re-
lapse phases may help identify prognostic markers and
novel therapeutic targets for effective management of
chronic eczema.

Conclusions

Dysbiotic changes were identified in both af-
fected and intact skin areas during chronic eczema
relapse across all age groups. The most pronounced
alterations observed in men aged 61 to 80 years com-
pared to the corresponding indicators in the control
group. A significant increase in colonization density
was observed in men aged 61 to 81 years with recur-
rent chronic eczema, whereas in the control group, the

highest colonization density was recorded in individu-
als aged 41 to 60 years, and the lowest - in the 61 to
81-year-old group. This may be associated with the ac-
tive professional lifestyle typical for middle-aged men.
It was found that women are more frequently affected
(67.5% of cases) than men. However, the colonization
density of microorganisms in both affected and intact
skin areas was higher in men, which may be linked to
hormonal differences and the influence of estrogens on
the microbiome of the skin and mucous membranes.
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