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ABSTRACT
Background. Each individual has a unique skin microbiota that includes a diverse resident and transient community displaying an individu-
alized composition. This study focuses on the identification of skin microbial genomes in patients with chronic microbial eczema. Objective. 
To evaluate the clinical efficacy of complex therapy in patients with microbial eczema using personalized selection of topical antibacterial 
agents while taking into account the determination of antibiotic resistance by whole genome sequencing. Methods. The prospective сompa
rative randomized study involved 60 patients with microbial eczema in the exacerbation stage, who were randomly divided into two groups 
of 30 people each: main and control groups. In the control group (group 2, n = 30) patients were treated according to the Federal Clinical 
Guidelines. In the main group (group 1, n = 30) patients were also treated with conventional therapy, while topical antibacterial agents were 
selected in a personalized manner based on antibiotic resistance data. On the 21st day of therapy, an emollient with a probiotic component 
was added to the treatment regimen for patients of both groups. The patients underwent therapy, observation, and examination at the Depart-
ment of Dermatovenerology of the Kuban State Medical University of the Ministry of Health of the Russian Federation. The clinical study 
was performed between December 2023 and December 2024. The observation periods in the study were divided into several stages: before 
the start of therapy, on days 14, 21, and six months after treatment. In this study, the microbiome of the affected skin areas of the patients 
was analyzed comparatively, and the effect of topical antibacterial preparation selected on the basis of whole genome sequencing data was 
evaluated. The laboratory stage of the present study was conducted at two sites: CL Lab Clinical Diagnostic Laboratory (“СL Medicalgroup” 
LLC) in Krasnodar and Serbalab Genetic Laboratory (“Serbalab” LLC) in St. Petersburg. The Eczema Area and Severity Index (EASI) 
was used to evaluate the skin pathologic process. Statistical processing of data was performed using the Statistica 12.0 software package 
(StatSoft, USA) and Microsoft Exel 2010 (Microsoft, USA). Quantitative parameters were statistically described using median and quartiles 
(Me (Q1;Q3)), along with mean with standard deviation (M ± SD). Differences were considered statistically significant at the error level of 
p < 0.05. Results. During exacerbation in patients with chronic microbial eczema, the microbial equilibrium shifted towards an increase in 
microorganisms Staphylococcus aureus, Clostridioides difficile, Klebsiella pneumoniae, Pseudomonas aeruginosa, Escherichia coli that 
were present on the affected skin areas, while the number of functional bacteria was limited. A more pronounced tendency to restoration of 
healthy microbiome in the patients of the main group was observed as soon as the 14th day. By the 6th month of treatment, the patients of 
the main group experienced a greater decrease in microbial colonization in the foci of microbial eczema lesions than in the control group, 
whereas the proportion of Bifidobacterium and Lactobacillus functionalis was increased compared to the pre-treatment values by 2.31 and 
2.10 times, respectively. In addition, the disease relapse occurred in two patients in the main group (versus five in the control group), which 
may indicate the higher efficacy of the therapy method proposed in the study. Conclusion. Whole genome sequencing method identifies 
the taxonomic diversity of the microbiome. Personalized application of topical antibacterial agent in complex therapy in the main group of 
patients promotes faster restoration of healthy skin microbiome than in the control group.
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АННОТАЦИЯ
Введение. Микробиота кожи каждого человека уникальна и  включает разнообразное резидентное и  транзиторное сообщество, 
композиция которого определяется строго индивидуально. Данное исследование направлено на идентификацию геномов микро-
организмов кожи у  пациентов с  хронической микробной экземой. Цель исследования: оценить клиническую эффективность 
комплексной терапии больных микробной экземой с  персонализированным подбором топических антибактериальных средств 
с учетом определения антибиотикорезистентности методом полногеномного секвенирования. Методы. В проспективном сравни-
тельном рандомизированном исследовании приняли участие 60 больных микробной экземой в стадии обострения, которые слу-
чайным образом были разделены на две группы по 30 человек: основную и сравнения. В группе сравнения (группа 2, n = 30) паци-
ентам проводили терапию согласно Федеральным клиническим рекомендациям. В основной группе (группа 1, n = 30) пациентов 
также проводилась традиционная терапия, при этом топические антибактериальные средства были подобраны персонализировано 
на основе данных антибиотикорезистентности. На 21‑й день терапии пациентам обеих групп в схему лечения был добавлен эмолент 
с пробиотическим компонентом. Больные проходили терапию, наблюдение и обследование на базе кафедры дерматовенерологии 
федерального государственного бюджетного образовательного учреждения высшего образования «Кубанский государственный 
медицинский университет» Министерства здравоохранения Российской Федерации. Клиническое исследование выполнено в пе-
риод с декабря 2023 по декабрь 2024 года. Сроки наблюдения в исследовании были разделены на несколько этапов: до начала те-
рапии, на 14‑й, 21‑й дни и спустя 6 месяцев после лечения. В работе проводился сравнительный анализ микробиома пораженных 
участков кожи у больных и оценивалось влияние топического антибактериального препарата, подобранного на основе данных 
полногеномного секвенирования. Лабораторный этап настоящего исследования выполнен на двух базах: клинико-диагностическая 
лаборатория «CL Lab» (общество с ограниченной ответственностью «СЛ Медикалгруп») г. Краснодара и генетическая лаборатория 
«Сербалаб» (общество с ограниченной ответственностью «Сербалаб») в г. Санкт-Петербурге. Для оценки кожного патологическо-
го процесса использовали индекс площади поражения и тяжести атопического дерматита (Eczema Area and Severity Index, EASI). 
Статистическая обработка данных производилась с использованием статистического пакета Statistica 12.0 (производитель StatSoft, 
США) и Microsoft Exel 2010 (Microsoft, США). Статистическое описание количественных показателей осуществлялось с помощью 
медианы и квартилей (Me (Q1; Q3)) и среднего со стандартным отклонением (М ± SD). Статистически значимыми различия считали 
при уровне ошибки р < 0,05. Результаты. Во время обострения у больных хронической микробной экземой наблюдалось смещение 
микробного равновесия в сторону увеличения микроорганизмов Staphylococcus aureus, Clostridioides difficile, Klebsiella pneumoniae, 
Pseudomonas aeruginosa, Escherichia coli, присутствующих на пораженных участках кожи, при этом количество функциональных 
бактерий было ограничено. Уже на 14‑й день была отмечена более выраженная тенденция к восстановлению здорового микробиома 
у пациентов основной группы. К 6‑му месяцу лечения у пациентов основной группы наблюдалось большее снижение микробной 
колонизации в очагах поражения микробной экземы, чем в группе сравнения, а доля функционалов Bifidobacterium и Lactobacillus 
была увеличена по сравнению со значениями до лечения в 2,31 и 2,10 раза соответственно. При этом в основной группе рецидив 
заболевания произошел у 2 пациентов (против 5 в группе сравнения), что может говорить о большей эффективности предложенно-
го в исследовании метода терапии. Заключение. Метод полногеномного секвенирования позволяет определить таксономическое 
разнообразие микробиома. Персонализированное применение топического антибактериального средства в комплексной терапии 
в основной группе пациентов способствует более быстрому восстановлению здорового микробиома кожи, чем в группе сравнения.
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INTRODUCTION
Chronic microbial eczema (ME) is a common recurrent in-

flammatory skin disease that significantly worsens the quality 
of life of patients [1, 2]. In genetically predisposed individuals 
with disorders of innate and adaptive immunity, this disease 
can be provoked by exogenous and endogenous factors. Dys-
biosis and the poor physiologic diversity of the skin microbi-
ota is another factor supporting chronic inflammation on the 
skin in microbial eczema. The severity of the disease course 
correlates with the prevalence on the skin of patients of viru-
lent strains of Staphylococcus aureus, contamination of which 
occurs due to a lack of antimicrobial peptides and dysregula-
tion of innate immunity. In addition, the integrity of the epider-
mal skin barrier is compromised, skin proteases are activated 
and superantigens are synthesized, particularly SEA (staphy-
lococcal enterotoxin A), SEB (staphylococcal enterotoxin B), 
SEC (staphylococcal enterotoxin C) and toxic shock syndrome 
toxin-1 (TSST 1). The latter activates Th-lymphocytes (Th2) 
without prior presentation on the surface of antigen-presenting 
cells and trigger the release of cytokines (IL36 (interleukin), 
IL17, IL31, TSLP (thymic stromal lymphopoietin; thymic 
stromal lymphopoietin)), the excess of which leads to system-
ic toxicity and suppression of the adaptive immune response, 
which creates a favorable environment for pathogens [3–5].

Microbial eczema is prone to exacerbation, due to an in-
crease in the number of opportunistic and pathogenic microor-
ganisms on the skin. The latter creates prerequisites for the de-
velopment of autoallergic component that leads to the chronic 
form of the disease. During exacerbation, acute inflammation 
of the skin is characterized by itching, dryness, desquamation, 
as well as the formation of vesicles that quickly turn into wet 
erosions (serous wells) or serous crusts. In the long course of 
the disease, patients experience stress, which serves as an ad-
ditional trigger for the manifestation of inflammatory reactions 
and activation of opportunistic flora [6, 7].

The skin microbiome in chronic microbial eczema under-
goes dysbiotic changes marked by an increase in the pro-
portion of microorganisms of various opportunistic families: 
Staphylococcus aureus, Pseudomonas aeruginosa, Clostridi-
oides difficile, Klebsiella pneumoniae, Escherichia coli, which 
replace representatives of the functional flora (Staphylococcus 
epidermidis, Bifidobacterium, Lactobaccilus)1 [8]. The role 
of nonspecific pathogens such as Proteus vulgaris, Neisseria 
meningitidis, Neisseria gonorrhoeae, Cl. perfringens, Cl. his-

tolyticum, and Cl. septicum has also been described in the 
pathogenesis of ME [9, 10].

Etiopathogenetic mechanisms of microbial eczema develop-
ment necessitate the prescription of antibacterial drugs. Cours-
es of systemic and external antibacterial therapy in patients 
with chronic ME can reduce the contamination of representa-
tives of bacterial pathogenic flora. This may be accompanied 
by a decrease in inflammatory processes and clinical improve-
ment of eczema [10].

Recently, the increasing resistance of pathogens to antibac-
terial drugs has become a growing concern. The irrational use 
of these drugs can lead to the potential development of resis-
tance to systemic and topical antibacterial drugs [11]. The de-
velopment of antibiotic resistance is conditioned by genetic 
mechanisms such as acquisition of new genetic information or 
changes in the expression level of one’s own genes [12, 13].

Therefore, the use of molecular genetic diagnostic methods 
to detect antibiotic resistance is a promising direction. The 
new molecular genetic method of whole genome sequencing 
(WGS) facilitates in-depth analysis of microbiome composi-
tion. This method serves to identify and genomically charac-
terize archaea, bacteria, fungi, parasites, and viruses without 
prior identification of a specific pathogen directly from clinical 
samples. WGS provides an assessment of antibiotic resistance 
and toxicity genes along with recommendations for probiot-
ic correction for the physician. Unless these data from WGS 
are taken into account, treatment of microbial eczema may be 
ineffective with an increase in the number of relapses and clin-
ical deterioration of the disease. Thus, given the sensitivity of 
pathogens to antibacterial drugs, the issue of treatment person-
alization appears to be of high importance [14, 15].

Moreover, current treatments of chronic ME patients with 
corticosteroids, immunomodulators, and antibacterial agents 
are frequently insufficiently effective, and may have side ef-
fects, including additional disruption of their microbiome. In 
this regard, new therapies aimed not only at eliminating the 
symptoms of the disease, but also at restoring the disturbed 
microbiome should be found. Currently, the optimization of 
microbial eczema therapy by correcting the microbiome with 
probiotics has been studied, which may lead to improved treat-
ment efficacy and more durable remission [16].

Bifida Ferment Lysate and Lactobacillus Ferment are the 
most commonly used ingredients in skin care products, clas-
sified as “probiotics”. They are fermentation products derived 

1 Russian Society of Dermatovenerologists and Cosmetologists. Clinical Guidelines. Eczema. 2024. 56 p. 
Общероссийская общественная организация «Российское общество дерматовенерологов и косметологов». Клинические рекомендации. Экзема. 
2024. 56 с.
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from Bifida and Lactobacillus bacteria, respectively. In con-
trast to systemic probiotics, external probiotics use lysates 
(decay products) of these bacteria. They regenerate the mi-
crobiome, strengthening the skin barrier, and have a soothing 
and antimicrobial effect [17]. In this context, topical probiot-
ics should be included in the complex therapy of microbial 
eczema.

Consequently, the present study suggests optimizing the 
therapy of ME patients aimed at correcting the microbiome, 
which, in turn, could improve the efficacy of treatment of this 
pathology.

This study aims to evaluate the clinical efficacy of complex 
therapy of patients with microbial eczema with personalized 
selection of topical antibacterial agents taking into account 
the determination of antibiotic resistance by whole genome 
sequencing.
METHODS
Study design

The controlled randomized prospective study included 60 
patients with chronic microbial eczema in the exacerbation 
stage, who underwent therapy, observation, and examination 
at the Department of Dermatovenerology of the Kuban State 
Medical University of the Ministry of Health of the Russian 
Federation.
Eligibility criteria
Inclusion criteria

Diagnosis of chronic microbial eczema (duration of disease 
at least 6 months); absence of other skin diseases; age between 
18 and 70 years; absence of systemic and/or topical antibiotic 
therapy within the last month; signed informed consent.
Exclusion criteria

Presence of malignant neoplasms; history of chronic somat-
ic diseases or diseases of neoplastic nature; diagnosis of acute 
microbial eczema; history of diseases associated with immu-
nocompromised patients.
Removal criteria

Refusal of the patient to further participate in the study, re-
fusal of dynamic follow-up.
Study conditions

The study was conducted at the Department of Dermatoven-
erology of the Kuban State Medical University of the Ministry 
of Health of the Russian Federation. The subjects were treated 
in accordance with the Federal Clinical Guidelines (FCG)2. 
The laboratory stage of the present study was performed at two 
sites: clinical diagnostic laboratory “CL Lab” (“CL Medical-
group” LLC) in Krasnodar and genetic laboratory “Serbalab” 
(“Serbalab” LLC) in St. Petersburg.
Study duration

Recruitment and assignment of patients to groups, clinical 
study including laboratory stage was performed in the period 
from December 2023 to December 2024. Follow-up of the pa-
tients was carried out for 6 months.

Medical interventions
All the patients donated biomaterial (scrapings from the af-

fected skin areas) for the laboratory stage of the study. The 
subjects were examined by a dermatovenerologist, anamnesis 
was collected, microscopic and bacteriologic examination of 
skin lesions was performed, and questionnaires were admin-
istered.

Patients in both groups were given standard therapy accord-
ing to the FCG: antihistamines (cetirizine 10 mg/day in the 
evening for 14 days); systemic antibacterial agents (azithro-
mycin 500 mg/day on the 1st day, then 250 mg once daily for 
4 days); aniline dye solutions were applied externally (methyl-
thioninium chloride 1% aqueous solution 2 times a day on the 
affected area for 7 days); detoxification drugs (sodium thio-
sulfate 30% solution intravenously 5.0–10.0 ml once a day for 
10 days).

In the control group, topical glucocorticosteroids in combi-
nation with an antibacterial agent (betamethasone + gentami-
cin 0.1% + 0.1% topical cream 2 times a day on the affected 
skin areas for 14 days) were used.

Considering the study aim in the main group of patients, 
topical antibacterial agents were personalized based on antibi-
otic resistance data from WGS (betamethasone + fusidic acid, 
topical cream, once daily for 14 days from morning and fusidic 
acid 2%, topical cream, once daily for 14 days).

On the 21st day of therapy, an emollient with a probiotic 
component was added to the treatment regimen for all patients 
in both groups.
Study outcomes
Main study outcome

A study endpoint was considered the end of the treatment 
and follow-up period for 6 months. The efficacy of personal-
ized use of topical antibiotics in complex therapy was evalu-
ated according to the FCG3. Eczema Area and Severity Index 
(EASI) was used to analyze the severity of the course of chron-
ic microbial eczema. The taxonomic microbial profile of skin 
lesions in patients of the compared groups was analyzed at 
different time points of observation.
Additional study outcomes

No additional outcomes are intended.
Methods for recording outcomes

The WGS method with interpretation was used to identi-
fy the taxonomic profile of the skin that affects the course of 
the disease. Biomaterial from patients with chronic ME was 
sampled from the affected skin areas before the start of ther-
apy, on days 14, 21, and 6 months after treatment. For mo-
lecular genetic study, samples from lesions were collected by 
swabbing with disposable sterile cotton-tipped swabs. Swabs 
were previously wetted with sterile buffer solution and tightly 
rubbed for 20 seconds into the affected skin. The cotton swab 
samples were then stored in a tube filled with sterile buffer 
solution. Genomic DNA was extracted from each swab using 
a gel extraction kit. The further step involved lysis of bacterial 

2   Russian Society of Dermatovenerologists and Cosmetologists. Clinical Guidelines. Eczema. 2024. 56 p.
Общероссийская общественная организация «Российское общество дерматовенерологов и косметологов». Клинические рекомендации. Экзема. 
2024. 56 с.
3   Ibid.
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cells by incubating samples with lysis buffer with homoge-
nization by shaking with zirconium beads and performing a 
subsequent centrifugation. DNA genes from different regions 
were amplified using primer from variable regions 3–4, there-
fore broadening the taxonomic scope of the study. The result 
of WGS analysis was presented in conventional units (c. u.) of 
measurement. A conventional unit of measurement was equal 
to the number of reads of the nucleotide sequence of a particu-
lar microorganism among one hundred reads of all nucleotide 
sequences of a single patient biomaterial sample.

The EASI was used to evaluate the skin pathologic process 
[18, 19]. The severity of the disease (mild, moderate, medi-
um, severe, very severe) was evaluated in points and reflected 
clinical signs: erythema, edema, excoriations, lichenification 
(0.1–1.0 points for mild, 1.1–7.0 points for moderate, 7.1–21.0 
points for medium, 21.1–50.0 points for severe, 50.1–72.0 
points for very severe). 
Randomization

For objectivity of the study, the envelope method was ap-
plied. Patients were randomly grouped separately for men 
(30 patients) and women (30 patients). Two packages were 
prepared, each with 30 opaque envelopes containing cards; 
15 cards were labeled with the number “1” and the other 15 
with the number “2”, meaning the number of the study group. 
Male patients picked envelopes with the group number from 
the male package while female patients picked envelopes 

from the female package, the number on the card determin-
ing which group the patient would be assigned to. This ap-
proach determined the equality of groups by sex thus guaran-
teeing random assignment of participants when groups were 
formed.
Data anonymization

The data were received and subsequently processed anon-
ymously. A special key code was introduced for each patient 
without linking to personal data.
Statistical procedures
Principles behind sample size determination

The sample size was not determined in advance.
Statistical methods

In each patient of the main group (Group 1) and the control 
group (Group 2), the skin microbial contamination of differ-
ent microorganisms was evaluated in conventional units. The 
primary microbiome data for statistical analysis were distri-
butions of the occurrence of the studied pathological and non-
pathological microorganisms measured for each taxon and for 
each patient in conventional units.

The primary data were statistically processed using the Sta-
tistica 12.0 software package (StatSoft, USA) and Microsoft 
Excel 2010 (Microsoft, USA).

Quantitative indicators for each patient in the main and the 
control groups were statistically described using the median 
(Me) and the first and third quartiles (Q1; Q3) written as (Me 
(Q1; Q3)) in case the hypothesis of normal distribution was re-
jected when tested by Kolmogorov—Smirnov and Shapiro—
Wilk tests of normality. The nonparametric Mann—Whitney 
test was used to compare such indices in independent groups. 
Comparison of indicators of the same clinical group in differ-
ent follow-up periods was performed using the nonparametric 
paired Wilcoxon test.

Quantitative parameters for each patient in Groups 1 and 2 
were statistically described using the arithmetic mean (M) and 
standard deviation (SD) as a record (M ± SD) if the hypothesis 
of normal distribution was not rejected when tested by Kolm-
ogorov—Smirnov and Shapiro—Wilk tests. The parametric 
Student’s t-test was used to compare such indicators in inde-
pendent groups. Comparison of indicators of the same clinical 
group, albeit at different follow-up periods, was performed us-
ing the parametric paired Student’s t-test.

Structural or qualitative indicators between different clin-
ical groups were compared using Pearson’s Chi-square test 
or Fisher’s exact test for small numbers of sample members. 
Differences were considered statistically significant at an error 
level of p < 0.05.
RESULTS
Sampling

The sampling procedure and the study’s design are presented 
in the block diagram (Fig. 1). The subjects of the two groups 
donated biomaterial (scraping from the affected skin areas) for 
laboratory tests. The overall number of patients was formed 
by including patients with chronic microbial eczema in accor-
dance with the inclusion criteria for patients in the study. Two 
groups were randomly formed: main (Group 1) and control 
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Group 1 (PAA)
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Failure to follow-up 
(n = 0).  
Discontinued medical 
intervention (n = 0).

 
 

Analyzed (n = 30).  
Excluded from analysis   
(n = 0)

Analyzed (n= 30).  
Excluded from analysis   
(n = 0)

   (n = 3):
- refusal to participate in the study    (n = 3)
Excluded from study 

Failure to follow-up 
(n = 0).
Discontinued medical 
intervention (n = 0).

Fig. 1. Block diagram of the study design
Note: the block diagram was created by the authors (according 
to STROBE recommendations). Abbreviations: CG—therapy ac-
cording to clinical guidelines; PAA—therapy with personalized 
selection of antimicrobial agents.
Рис. 1. Блок-схема дизайна исследования
Примечание: блок-схема выполнена авторами (согласно ре-
комендациям STROBE). Сокращения: CG — терапия согласно 
клиническим рекомендациям; PAA — терапия с персонализи-
рованным подбором антимикробного средства.
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(Group 2). Patients in the control group (n = 30) received stan-
dard therapy according to the FCG. The main group (n = 30) 
also received conventional therapy; however, topical antibac-
terial agents were personalized based on antibiotic resistance 
data from WGS.
Characteristics of the study sample (groups)

Patients randomly selected into the study groups were com-
parable in various characteristics before treatment. Table 1 
shows the anthropometric characteristics.

In both groups, 15 women (15/30, 50.00%) and 15 men 
(15/30, 50.00%) were under observation, i.e., groups were 
completely consistent in terms of sex. The mean age of pa-
tients in Group 1 was 37.50 ± 13.71 years and in Group 2 was 
41.43 ± 16.14 years, with no statistical significance of differ-
ences in mean age (p = 0.313), meaning that the groups were 
comparable before treatment. The values of mean height in 
Groups 1 and 2 were also comparable. In Group 1, the mean 
height was 171 ± 9 cm, while in Group 2 it was 170 ± 8 cm, 
the differences were not significant (p = 0.832). In terms of 
patient weight, the mean values differed. Namely, in Group 1 
the mean weight was 70.10 ± 14.20 kg and in Group 2 it was 
67.50 ± 13.80 kg, although the differences were not found to 
be statistically significant (p = 0.475).

Similarly to the above-mentioned anthropometric character-
istics, the body mass index (BMI) indicators differed for the 
mean values of the groups, though not statistically significant 
(p = 0.35). Therefore, the groups were comparable in terms of 
sex, age, height, weight, and BMI.

The comparability of the groups can be considered by ex-
amining the microbial profile of patients in these groups 
(Table 2).

In pre-treatment skin microbiota of patients in both groups, 
P. aeruginosa and E. coli were more prominent with median 
values of 7.04 (5.53; 8.43) c. u. and 9.39 (8.34; 9.75) c. u., re-
spectively, in Group 1 among the total number of isolated bac-
teria in the rash area. Similarly, P. aeruginosa and E. coli ex-
hibited median values of 7.04 (5.52; 8.42) c. u. and 9.49 (8.34; 
9.84) c. u., respectively, in Group 2 among the total number 
of isolated bacteria in the rash area. Comparison of median 
values between groups showed no statistically significant dif-
ference for both P. aeruginosa (p = 0.929) and E. coli (p = 
0.717). In addition, S. aureus (median and quartiles were 2.05 
(1.86; 2.44) c. u.) and K. pneumonia (median and quartiles 
were 4.44 (4.01 5.95) c. u.) were sequenced on skin sections 
from patients in Group 1 (main). S. aureus (median and quar-
tiles were 2.04 (1.84; 2.44) c. u.) and K. pneumonia (median 
and quartiles were 4.43 (4.01 5.94) c. u.) were also sequenced 
in Group 2 (control) patients. Differences were not significant 
(p = 0.988 for S. aureus and p = 0.994 for K. pneumonia). 
In Group 1 patients, the microbial pathogenic community in-
cluded C. difficile (1.97 (1.51; 2.14) c. u.), M. tuberculosis 
(0.94 (0.79; 1.08) c. u.). Similarly in Group 2 patients were 
detected C. difficile (1.96 (1.50; 2.13) c. u.), M. tuberculosis 
(0.93 (0.78; 1.07) c. u.). For these two microorganisms, the 
differences between the groups were not significant (p > 0.05). 
Small values of indices were observed in both groups and for 

Table 1. Anthropometric characteristics of the studied groups of patients
Таблица 1. Антропометрические характеристики исследуемых групп больных

Characteristic Group 1
(n = 30)

Group 2
(n = 30) Statistical significance p

Sex, (n)male / (n)female 15/15 15/15
Age, years 37.50 ± 13.71 41.43 ± 16.14 0.313
Height, cm 171 ± 9 170 ± 88 0.832
Weight, kg 70.1 ± 14.2 67.5 ± 13.8 0.475
BMI, kg/m2 23.6 ± 2.9 22.9 ± 3.1 0.354

Note: the table was compiled by the authors. Abbreviation: BMI—body mass index.
Примечание: таблица составлена авторами. Сокращение: BMI — индекс массы тела.

Table 2. Microbiome profile (Me (Q1; Q3)) in patients in the studied groups before treatment
Таблица 2. Микробиомный профиль в виде Ме (Q1; Q3) у больных в исследуемых группах до лечения

Microbiome Group 1
(n = 30)

Group 2
(n = 30) Statistical significance p

E. coli 9.39 (8.34; 9.75) 9.49 (8.34; 9.84) 0.717
P. aeruginosa 7.04 (5.53; 8.43) 7.04 (5.52; 8.42) 0.929
K. pneumonia 4.44 (4.01; 5.95) 4.43 (4.01; 5.94) 0.994
S. aureus 2.05 (1.86; 2.44) 2.04 (1.84; 2.44) 0.988
C. difficile 1.97 (1.51; 2.14) 1.96 (1.50; 2.13) 0.994
M. tuberculosis 0.94 (0.79; 1.08) 0.93 (0.78; 1.07) 0.993
S. epidermidis 0.03 (0.02; 0.05) 0.02 (0.01; 0.05) 0.631
Lactobacillus 1.01 (0.88; 1.27) 1.02 (0.86; 1.27) 0.906
Bifidobacterium 0.35 (0.32; 0.39) 0.35 (0.30; 0.38) 0.848

Note: the table was compiled by the authors.
Примечание: таблица составлена авторами.
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functional bacteria, which also showed no significant differ-
ences (Table 2).

Thus, the groups are comparable in terms of microbiome 
profile.

Then, consider whether the groups are comparable in some 
clinical parameters for the patients in the studied groups (Table 3).

In the main group before treatment, 17/30 (56.67%) patients 
had moderate microbial eczema and 13/30 (43.33%) patients 
had severe eczema according to the EASI values; the median 
value of this index was 17.94 (10.51; 29.10). In the control 
group, 19/30 patients (63.33%) had a medium degree of sever-
ity of ME, and 11/30 patients (36.67%) had a severe course of 
the disease. The difference in the proportion of patients with 
moderate and severe disease in the compared groups was not 
statistically significant (p = 0.599). The median index value in 

Group 2 was 18.03 (11.32; 29.59) points, which was compara-
ble to the index value in the main group of patients (p > 0.05).

The duration of the disease ranged from 6 to 36 months.
Hence, such clinical indicators as EASI index, duration of 

disease, the proportion of patients with different degrees of 
disease severity before the start of treatment in Groups 1 and 
2 were comparable.

Consequently, in terms of anthropometric characteristics, 
microbiome profile, and clinical parameters, both groups of 
patients were close in their values before the intervention, i.e., 
the different treatments of the present study.
Main study results

Before treatment, antibiotic resistance of bacteria was deter-
mined in the main group of patients. A total of 21 names were 
identified; the shares of different species among all identified 
species are shown in Figure 2.

In the main group, 11/30 (36.67%) patients had no resis-
tance, 9/30 patients had resistance only to aminoglycosides 
(30.00%), 4/30 (13.33%) only to macrolides, 1/30 (3.33%) 
only to diaminopyrimidines, 1/30 (3.33%) to oxazolidinones, 
2/30 (6.67%) to fluoroquinolones. In 2/30 (6.67%) patients, 
resistance to two aminoglycosides was established simulta-
neously, each to diaminopyrimidines and macrolides, and to 
aminoglycosides.

A topical antibacterial agent with fusidic acid, which has a 
bactericidal effect, was chosen for the study in the main group 
of patients. It suppresses protein synthesis by inhibiting the 
factor necessary for translocation of protein subunits and elon-
gation of the peptide chain, which further leads to the death of 
the pathogen.

Let us consider the changes in the microbial prevalence rate 
at different follow-up times during treatment for the patients 
of the main group (Group 1) and the control group (Group 2).

In all patients before treatment, opportunistic bacteria with 
medium and high values of microbial index in conventional 
units were identified, such as S. aureus, P. aeruginosa, E. coli, 
K. pneumoniae, C. difficile, and M. tuberculosis. Functional 
bacteria with very low index values were also sequenced in-
cluding Lactobacillus, Bifidobacterium, and S. epidermidis.

On the day 14 of treatment, the index for S. aureus on the skin 
in Group 1 patients decreased compared to the situation before 
treatment to 1.82 (1.70; 2.00) c. u., while in Group 2 this index 
was greater and amounted to 2.02 (1.84; 2.39) c. u., indicating 

Table 3. Clinical parameters in patients in the studied groups
Таблица 3. Клинические показатели у больных в исследуемых группах 

Parameter Group 1
(n = 30)

Group 2
(n = 30) Statistical significance р

EASI, point 17.94 (10.51; 29.10) 18.03 (11.32; 29.59) 0.706
Disease duration, months 18.5 (9.5; 29.3) 18.0 (12.0; 29.8) 0.871

Disease severity
Medium, number/share 17/0.57 19/0.63 0.599
Severe, number/share 13/0.43 11/0.37 0.599

Note: the table was compiled by the authors. Abbreviation: EASI—Eczema Area and Severity Index.
Примечание: таблица составлена авторами. Сокращение: EASI (Eczema Area and Severity Index) — индекс площади поражения и 
тяжести атопического дерматита.

47.62%

23.81%

14.29%

9.52%

4.76%

Aminoglycosides Macrolide
Diaminopyrimidines Fluoroquinolones
Oxazolidinones

Fig. 2. Groups of antibiotics to which Staphylococcus au-
reus is resistant
Note: the figure was created by the authors.
Рис. 2. Группы антибиотиков, к которым резистентна 
Staphylococcus aureus
Примечание: рисунок выполнен авторами.
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a statistically significant difference (p = 0.004). Meanwhile, 
the P. aeruginosa contamination decreased to 4.84 (2.99; 5.94) 
c. u. in the main group, while in the control group the value 
was higher and corresponded to 5.31 (3.83; 6.52) c. u., though 
not statistically significant (p = 0.246 compared to the results 
of the main group for this follow-up period). Group 1 patients 
had a lower index for E. coli on day 14 of treatment than be-
fore treatment and lower than in Group 2. Thus, the index for 
Group 1 was 5.52 (4.90; 5.73) c. u., while in Group 2 it was 
8.49 (7.58; 8.94) c. u. at p < 0.001, i.e., the difference in medi-
ans by a value equal to 2.97 c. u. was statistically significant. 
No significant difference in the follow-up period of 14 days 
for K. pneumonia microorganisms was found for Groups 1 and 
2 (p = 0.877). Similarly, no differences of the same indicator 
were found for Groups 1 and 2 and for microorganisms with 
taxons C. difficile (p = 0.751) and M. tuberculosis (p = 0.912).

Among functional bacteria, a slightly higher value of the 
index for Bifidobacterium and Lactobacillus was observed 
on the affected skin in the patients of the main group on the 
14th day of treatment compared to the values before treatment. 
However, comparison of the values for Groups 1 and 2 on day 
14 from the beginning of treatment for functional bacteria did 
not give a statistically significant difference in the medians ob-
tained in the main group and the control group (Table 4).

On the 21st day of treatment the patients also showed neg-
ative dynamics of pathogens contamination on the skin areas. 
Whereas on the 14th day of treatment, only two pathogens 
were differentiated, on the 21st day there was a difference in 
changes for three pathogens and one functional bacterium. The 
lower value of the index in the main group compared to Group 
2 was for E. coli (p < 0.001), K. pneumonia (p = 0.041), M. tu-
berculosis (p = 0.017), and higher value for Bifidobacterium 
(p < 0.001).

Additionally, a lower number of reads out of 100 reads in the 
isolated sample of patient’s biomaterial was noted for S. au-
reus, equal to 0.99 (0.81; 1.07) c. u. in the main group com-
pared to Group 2 with a median of 1.05 (0.80; 1.86) c. u. (p = 
0.050).

Non-significant changes in rates between the two groups of 
comparison at day 21 of treatment were observed for the re-
maining bacteria, P. aeruginosa, C. difficile, and the functional 
bacteria, S. epidermidis, Lactobacillus.

After 6 months of treatment, the medians of prevalence rates 
for 7 out of 9 observed bacteria were found to be statistically 
significantly different between the main group and the control 
group (Table 6). The median values for E. coli and S. aureus in 
Groups 1 and 2 were similar. The median values for P. aerugi-
nosa, K. pneumonia, C. difficile, and M. tuberculosis in Group 

Table 4. Microbiome profile (Me (Q1; Q3)) in patients in the study groups on day 14
Таблица 4. Микробиомный профиль в виде Ме (Q1; Q3) у больных в исследуемых группах на 14-й день

Microbiome Group 1
(n = 30)

Group 2
(n = 30) Statistical significance р*

E. coli 5.52 (4.90; 5.73) 8.61 (7.58; 8.94) < 0.001
P. aeruginosa 4.84 (2.99; 5.94) 5.31 (3.83; 6.51) 0.245
K. pneumonia 4.44 (4.00; 5.72) 4.43 (4.01; 5.94) 0.876
S. aureus 1.82 (1.65; 1.98) 2.02 (1.84; 2.39) 0.003
C. difficile 1.95 (1.51; 2.10) 1.96 (1.50; 2.14) 0.750
M. tuberculosis 0.93 (0.78; 1.06) 0.93 (0.79; 1.08) 0.911
S. epidermidis 0.04 (0.03; 0.05) 0.04 (0.03; 0.05) 0.773
Lactobacillus 1.11 (0.95; 1.40) 1.02 (0.88; 1.27) 0.125
Bifidobacterium 0.39 (0.34; 0.43) 0.38 (0.33; 0.41) 0.399

Note: the table was compiled by the authors; p* — by the Mann—Whitney criterion.
Примечание: таблица составлена авторами; р* — по критерию Манна — Уитни.

Table 5. Microbiome profile (Me (Q1; Q3) in patients in the studied groups on day 21 of treatment
Таблица 5. Микробиомный профиль в виде Ме (Q1; Q3) у больных в исследуемых группах на 21-й день лечения

Microbiome Group 1
(n = 30)

Group 2
(n = 30) Statistical significance р*

E. coli 4.60 (4.08; 4.77) 6.32 (5.55; 6.53)  < 0.001
P. aeruginosa 4.50 (2.98; 5.49) 5.00 (3.79; 5.79) 0.442
K. pneumonia 3.42 (3.02; 4.05) 3.94 (3.22; 4.93) 0.041
S. aureus 0.99 (0.81; 1.07) 1.05 (0.80; 1.86) 0.050
C. difficile 1.53 (1.11; 1.96) 1.38 (1.01; 1.97) 0.853
M. tuberculosis 0.63 (0.51; 0.75) 0.72 (0.62; 0.83) 0.017
S. epidermidis 0.10 (0.08; 0.11) 0.09 (0.06; 0.12) 0.214
Lactobacillus 1.13 (0.96; 1.42) 1.03 (0.89; 1.27) 0.131
Bifidobacterium 0.55 (0.47; 0.59) 0.40 (0.35; 0.43)  < 0.001

Notes: the table was compiled by the authors; p* — by the Mann—Whitney criterion.
Примечания: таблица составлена авторами; р* — по критерию Манна — Уитни.
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1 were significantly lower than in Group 2, while the median 
values for S. epidermidis, Lactobacillus, Bifidobacterium in 
Group 1 were significantly higher than in Group 2.

After 14 days, the prevalence rate of two pathogenic bacteria 
E. coli and S. aureus was significantly lower in the main group 
compared to the control group. After 21 days, the prevalence 
rate was significantly lower already for as many as four patho-
genic bacteria and higher for one functional bacterium.

By 6 months, the values for seven bacteria (four from the 
pathologic pool and three from the functional pool) in Group 
1 were closer to the values for recovery than the values for the 
same bacteria in Group 2.

After 6 months of treatment, a statistically significant de-
crease of P. aeruginosa in the foci of lesions in the patients of 
the main group to 1.16 (1.02; 1.67) c. u. (p < 0.001 in com-
parison with the values before the start of treatment), while in 
the control group the values were 0.46 c. u. higher (1.62 (1.22; 
1.98) c. u.) (p < 0.001 in comparison with the values in the 
main group) (Table 6).

Furthermore, in the main group, K. pneumonia and C. dif-
ficile had an index equal to 1.05 (0.97; 1.43) c. u. and 0.09 
(0.06; 0.32) c. u., respectively (p < 0.001 as compared to the 
values before the start of treatment for both K. pneumonia and 
C. difficile), while in the control group the index was 0.94 c. u. 
higher (1.99 (1.75; 2.09) c. u.) at p < 0.001 compared to the 
main group, and 0.21 c. u. higher (0.30 (0.13; 0.79) c. u.), re-
spectively, at p = 0.003 compared to the main group.

In the lesion foci of patients with personalized topical an-
tibiotic, sites of S. epidermidis metagenome were sequenced 
among functional species of the genus Staphylococcus (0.30 
(0.24; 0.33) c. u.). The control group had the index 0.13 (0.17 
(0.15; 0.27) c. u.) less (p = 0.001 compared to the result of the 
main group).

The index in representatives of functional flora, Bifidobac-
terium and Lactobacillus, was increased compared to the val-
ues before treatment by 2.31 and 2.10 times, respectively (p < 
0.001 with the start of treatment) in Group 1, while in Group 2 
they were increased only by 1.80 and 1.67 times, respectively 
(p < 0.001 compared to the main group) (Tables 6 and 7). 
Since both groups of patients were treated, the non-paramet-
ric paired (for dependent samples) Wilcoxon test was used 

to determine that a statistically significant change in preva-
lence (with high statistical significance of p < 0.01) occurred 
for all bacteria and for all follow-up periods in both groups 
compared to pre-treatment values. These changes tended to 
decrease for pathogenic bacteria and to increase for functional 
bacteria. The ratio of the values of indicators before treatment 
and 6 months after the start of treatment is shown in Table 7. 
For example, the ratios of indicators for the control group for 
most bacteria (excluding E. coli and S. aureus) are significant-
ly less than the similar ratios for the main group. The decrease 
in the prevalence of E. coli and S. aureus is approximately the 
same: 5.49 times less in Group 1 and 5.18 times less in Group 
2 (Table 7).

The values of microbial parameters were compared between 
groups using the nonparametric Mann—Whitney criterion 
(for independent samples) to analyze the treatment efficacy. 
The grouping of statistically significant changes at different 
follow-up periods and for different microorganisms revealed 
three types of response to different methods of treatment (Ta-
ble 8).

Type 1 of bacterial behavior during treatment in both groups 
corresponded to E. coli and S. aureus bacteria, in which the 
decrease in microbial parameter by 14 days from the start of 
treatment was greater in the group of patients with personal-
ized topical antibiotic than in Group 2. The same effect was 
observed at 21 days from the start of treatment. By a follow-up 
period of 6 months from the start of treatment, the values for 
these microorganisms were approximately the same, as the dif-
ferences were not significant (p = 0.290 and p = 0.176 between 
Groups 1 and 2). The median values at different follow-up 
times in both groups for Type 1 of behavior using E. coli as an 
example are shown in Figure 3.

Type 2 of bacterial response to treatment in both groups 
corresponded to K. pneumonia and M. tuberculosis bacteria, 
in which only by 21 days from the start of treatment the re-
duction in microbial parameter in the group of patients with 
personalized topical antibiotic was significantly greater than in 
the control group. By the period of 6 months from the start of 
treatment the parameters for these microorganisms were sig-
nificantly different. In the main group it was less than in Group 
2 (for K. pneumonia p < 0.001 and for M. tuberculosis p = 

Table 6. Microbiome profile (Me (Q1; Q3) in patients in the studied groups on the 6th month of treatment
Таблица 6. Микробиомный профиль в виде Ме (Q1; Q3) у больных в исследуемых группах на 6-й месяц лечения

Microbiome Group 1
(n = 30)

Group 2
(n = 30) Statistical significance р*

E. coli 1.71 (1.04; 2.17) 1.83 (1.23; 2.41) 0.290
P. aeruginosa 1.16 (1.02; 1.67) 1.62 (1.22; 1.98) 0.011
K. pneumonia 1.05 (0.97; 1.43) 1.99 (1.75; 2.09) < 0.001
S. aureus 0.65 (0.46; 0.80) 0.69 (0.61; 0.90) 0.176
C. difficile 0.09 (0.06; 0.32) 0.30 (0.13; 0.79) 0.003
M. tuberculosis 0.38 (0.27; 0.50) 0.50 (0.38; 0.60) 0.018
S. epidermidis 0.30 (0.24; 0.33) 0.17 (0.15; 0.27) 0.001
Lactobacillus 2.12 (1.83; 2.67) 1.70 (1.46; 2.10) < 0.001
Bifidobacterium 0.81 (0.72; 0.89) 0.63 (0.57; 0.68) < 0.001

Note: the table was compiled by the authors; p* — by the Mann—Whitney criterion.
Примечание: таблица составлена авторами; р* — по критерию Манна — Уитни.
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0.018). The median values at different follow-up times in both 
groups for Type 2 of behavior exemplified by K. pneumonia 
are shown in Figure 4.

Type 3 of bacterial behavior during treatment in both groups 
corresponded to P. aeruginosa and C. difficile, in which only 
by 6 months from the start of treatment the difference in micro-
bial parameter with lower median values in Group 1 compared 
to Group 2 was statistically significant (for P. aeruginosa p = 
0.011 and for C. difficile p = 0.003). The values of medians at 
different follow-up periods in both groups for Type 3 of be-
havior on the example of P. aeruginosa are shown in Figure 5.

The behavior of functional bacteria appears to be similar to 
Type 2 (for Bifidobacterium) and Type 3 (for S. epidermidis 
and Lactobacillus).

The EASI index was changing in the following way: before 
the treatment the median values for the groups nearly coincid-
ed (p = 0.706) (Table 9); in the main group on the 14th day 

of treatment the median value of the EASI index amounted 
to 3.05 (1.64; 5.33) points, while in the control group it was 
5.53 (4.14; 9.88) points (p < 0.001 compared to the values in 
the main group); on day 21 of treatment, the median value of 
the EASI index was 1.00 (0.53; 1.25) points in the main group 
and 1.84 (0.77; 4.22) points in the control group (p = 0.006 
compared to the main group).

By the end of follow-up (month 6), the EASI index in the 
main group decreased from the beginning of treatment and 
amounted to 0.70 (0.24; 1.00) points versus 1.00 (0.77; 4.22) 
in the control group at p < 0.001. The median value for the 
main group decreased 25.63 times compared to the value be-
fore treatment. The median EASI was only 18.03 times lower 
in the control group, proving the greater efficacy of treatment 
with personalized topical antibiotics.

The share of patients with relapse and different degrees of 
severity of residual disease is another evidence of the treat-

Table 7. Median values of bacterial prevalence rates before treatment and 6 months after the start of treatment in the studied 
groups of patients
Таблица 7. Отношения медианных значений показателей распространенности бактерий до лечения и через 6 месяцев 
после начала лечения в исследуемых группах больных

Microbiome Group 1
(n = 30)

Group 2
(n = 30) Statistical significance р*

E. coli 5.49 5.18 0.290
P. aeruginosa 6.07 4.35 0.011
K. pneumonia 4.23 2.23 < 0.001
S. aureus 3.15 2.96 0.176
C. difficile 21.89 6.53 0.003
M. tuberculosis 2.47 1.86 0.018
S. epidermidis 10.00 8.50 0.001
Lactobacillus 2.10 1.67 < 0.001
Bifidobacterium 2.31 1.80 < 0.001

Notes: the table was compiled by the authors; p* — by the Mann—Whitney criterion.
Примечания: таблица составлена авторами; р* — по критерию Манна — Уитни.

Table 8. Statistical significance levels of differences in median values of microbial parameters of patients by type of response 
to therapy for different periods of observation in the studied groups
Таблица 8. Значения уровней статистической значимости различий медианных значений микробных показателей 
больных по типу ответа на терапию для разных сроков наблюдения в исследуемых группах 

Microbiome Before treatment After 14 days After 21 days After 6 months
Type 1 of bacterial behavior

E. coli 0.717 р < 0.001 р < 0.001 p = 0.290
S. aureus 0.988 p = 0.003 p = 0.050 p = 0.176

Type 2 of bacterial behavior
K. pneumonia 0.994 p = 0.876 p = 0.041 р < 0.001
M. tuberculosis 0.993 p = 0.911 p = 0.017 p = 0.018

Type 3 of bacterial behavior
P. aeruginosa 0.929 p = 0.245 p = 0.442 p = 0.011
C. difficile 0.994 p = 0.750 p = 0.853 p = 0.003

Functional bacteria
S. epidermidis 0.631 p = 0.773 p = 0.214 p = 0.001
Lactobacillus 0.906 p = 0.125 p = 0.131 р < 0.001
Bifidobacterium 0.848 p = 0.399 р < 0.001 р < 0.001

Note: the table was compiled by the authors.
Примечание: таблица составлена авторами.
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ment efficacy in the main group. The mild degree of the disease 
course was observed in 25/30 (83.33%) people, moderate in 
3/30 (10.00%), and medium in 2/30 (6.67%). Two patients in 
the main group had a relapse of the disease. They complained 
of erythema and edema. In the control group, mild course of 
microbial eczema was found in 16/30 (53.33%) patients, mod-
erate in 9/30 (30.00%), and medium in 5/30 (16.67%). Five 
patients relapsed with complaints of erythema, single papular 
elements, lichenification, and itching. The statistically signifi-
cant difference in the shares of patients with different degrees 
of disease severity in the compared groups was examined us-
ing crosstabulation analysis and Fisher’s exact criterion in the 
form of a quadratic table (Table 10).

The share of patients with a mild degree of the disease in 
the main group, equal to 83.33%, statistically significantly ex-
ceeds the similar share of patients in the control group, equal 
to 53.33%, indicating greater treatment efficacy in the main 
group.
Additional study results

No additional results were obtained during the course of the 
study.

Adverse events
No adverse events have been reported.

DISCUSSION
Study limitations

Relatively low statistical power due to the limited number of 
patients may be a factor potentially limiting the study.
Generalizability/extrapolation

The results of this study may apply to other clinical and 
experimental settings. For example, when other topical anti-
bacterial agents other than those used in this study are used, 
WGS can exhibit a similar tendency to alter the microbiome of 
affected skin areas.
Summary of the main study result

The study analyzed the composition of the microbiome of 
the affected skin areas of ME patients. Before the start of ther-
apy, the WGS revealed that the skin was mostly inhabited by 
opportunistic bacteria, and the number of functional bacteria 
was limited. The proposed complex therapy with the use of 
FCG and personalized topical antibacterial agents showed 
high efficiency in the therapy of chronic microbial eczema, 
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Fig. 3. Medians of microbial parameter values for E. coli 
bacteria in groups (Group 1 is the main group, Group 2 is 
the control group) for different observation periods
Note: the figure was made by the authors. Abbreviation: Gr—group.
Рис. 3. Значения медиан микробного показателя для бак-
терии E. coli в группах (группа 1 — основная группа, 
группа 2 — группа сравнения) для различных сроков 
наблюдения
Примечание: рисунок выполнен авторами. Сокращение: Gr — 
группа.
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Fig. 4. Medians of microbial parameter values for K. pneu-
monia bacteria in groups (Group 1 is the main group, Group 
2 is the control group) for different observation periods
Note: the figure was made by the authors. Abbreviation: Gr—
group.
Рис. 4. Значения медиан микробного показателя для 
бактерии K. pneumonia в группах (группа 1 — основная 
группа, группа 2 — группа сравнения) для различных 
сроков наблюдения
Примечание: рисунок выполнен авторами. Сокращение: Gr — 
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which is confirmed by the decrease in the share of pathogens 
in the main group to a greater extent than in the control group, 
and by the reduced number of disease relapses.
Interpretation of the main study result

At the end of treatment, the comparative analysis of the 
treatment results of the patients of both groups showed a high-
er manifestation of dysbiotic changes on the studied skin areas 
in the control group.

Antibiotic resistance of bacteria on the skin has been previ-
ously studied by other researchers using the method of serial 
dilutions in agar or the diffusion method using antibiotic-im-
pregnated disks [20]. Some experts have noted that the great-
est therapeutic efficacy among topical antibiotics is indeed ob-
served for fusidic acid and mupirocin, which is consistent with 
the study [21–25]. Other researchers in their works prefer a 
combination of two or three topical antibiotics to which resis-
tance of Gram-positive and Gram-negative bacteria develops 
relatively slowly [26–28]. However, the method of person-
alized antibiotic therapy of skin diseases taking into account 
WGS data has not been previously investigated.

The study conducted using the WGS method confirms the 
resistance of S. aureus on the skin to a number of antibacterial 
drugs, also providing an opportunity for personalized selection 
of topical agents. The treatment performed in the main group 
of patients decreased the number of relapses by 2.5 times.

Analysis of the dynamics of the skin pathological process 
revealed an earlier regression and a distinct decrease in the 
severity of the eczematous process in patients whose treatment 
regimen included a personalized topical antibiotic. Moreover, 
already on day 14, the proportion of representatives of func-
tional flora in patients of this group became greater (1.1 times 
at p < 0.001), which was not characteristic of patients with 
standard therapy.

The results obtained during WGS indicate that the complex 
therapy proposed in the main group with the use of personal-
ized topical antibacterial agent based on fusidic acid already 
from day 14 significantly reduced the levels of S. aureus and 
E. coli (p < 0.001 compared to pre-treatment values), which 
could also be reflected in the reduced number of disease re-
lapses. In the control group, the tendency to decrease the num-
ber of these opportunistic bacteria was lower (p < 0.001 com-
pared to the results of the main group). The lower value of the 
EASI index in the patients of the main group (p < 0.001) is 
also confirmed.

At the 6th month of therapy, the skin microbiome was 
restored, as evidenced by a greater share of functional 
microorganisms (Bifidobacterium, Lactobacillus, and 
S. epidermidis) in patients of both groups. This may indicate 
the effectiveness of emollient with probiotic component in the 
treatment of microbial eczema.

Thus, the personalized selection of topical antibacterial 
agents can be concluded to contribute to better restoration of 
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Fig. 5. Medians of microbial parameter values for P. aerugi-
nosa bacteria in groups (Group 1 is the main group, Group 2 
is the control group) for different observation periods
Note: the figure was made by the authors. Abbreviation: Gr—group
Рис. 5. Значения медиан микробного показателя для 
бактерии P. aeruginosa в группах (группа 1 — основная 
группа, группа 2 — группа сравнения) для различных 
сроков наблюдения
Примечание: рисунок выполнен авторами. Сокращение: Gr — 
группа.

Table 9. Medians of the EASI index for different observation periods in the compared groups of patients
Таблица 9. Значения медиан индекса EASI для различных сроков наблюдения в сравниваемых группах больных

Observation period Group 1
(n = 30)

Group 2
(n = 30) Statistical significance р*

Before treatment 17.94 (10.51; 29.10) 18.03 (11.32; 29.59) 0.706
After 14 days 3.05 (1.64; 5.33) 5.53 (4.14; 9.88) < 0.001
After 21 days 1.00 (0.53; 1.25) 1.84 (0.95; 4.01) 0.006

After 6 months 0.70 (0.24; 1.00) 1.00 (0.77; 4.22) < 0.001
Notes: the table was compiled by the authors; p* — by the Mann—Whitney criterion. Abbreviation: EASI—Eczema Area and Severity Index
Примечания: таблица составлена авторами; р* — по критерию Манна — Уитни. Сокращение: EASI (Eczema Area and Severity 
Index) — индекс площади поражения и тяжести атопического дерматита.
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the skin layer: the number of relapses in the main group of 
patients at the 6th month of therapy is 2.5 times less (2 relapses 
vs. 5). However, in order to reduce the relapse rate to zero, a 
more comprehensive approach is needed, in particular, person-
alized use of systemic antibacterial agents.
CONCLUSION

The state of skin microbiome in patients with chronic mi-
crobial eczema was assessed considering that the biocenosis 
of the affected areas was characterized by a high degree of 
contamination with representatives of opportunistic micro-
flora, while the number of representatives of functional flora 
was limited. It was found that microflora imbalance contrib-
utes to the chronicization of the inflammatory process while 
increasing the risk of relapses. The standard treatment in 

combination with personalized selection of topical antibac-
terial agents resulted in a decrease in the share of disease 
relapses and normalization of skin microflora composition 
in the patients of the main group. The obtained data confirm 
the effectiveness of an individualized approach to treatment, 
taking into account the peculiarities of the microbial com-
position of the skin. The results are scientifically significant 
as they demonstrate the possible optimization of treatment 
of patients with chronic microbial eczema using WGS, thus 
revealing prospects for the development of more effective 
therapeutic strategies. In future studies, the relationship be-
tween the skin and gut microbiome (the skin–gut axis) is 
feasible to investigate for long-term treatment outcome, as 
their condition and characteristics may play a key role in the 
pathogenesis of the disease.
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