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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 compa-
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 (“CL 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;03)), 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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Bo03M0XHOCTH MEPCOHAIN3NPOBAHHOIO MOA00PA TOMUYECKUX AHTHOAKTEPUAIBbHBIX
CpeaCTB y 00J1bHBIX MUKPOOHOI1 3K3€MO0il Ha OCHOBE JAHHBIX IOJHOT€eHOMHOI'0
CeKBEHUPOBAHMS: MPOCNEKTUBHOE CPABHUTEJIbHOE PAHIOMHU3UPOBAHHOE UCCJIEIOBAHUE

B.B. ﬂasapeeg, MM. T, ME. Illasunosa

denepanbHOEe TOCYAapCTBEHHOE OO/KETHOE 00pa3oBaTeNbHOE YUpeKIeHue Bbicuiero obOpasoBanus «KybOaHckuit
rOCyapCTBEHHBIM MEAUIMHCKUN yHUBepcuTreT» MuHuctepcrBa 3apaBooxpaHeHus Poccuiickoit depepanuu, yi. HUM.
Murtpodana Cenuna, 1. 4, 1. Kpacuonap, 350063, Poccus

AHHOTAIIUA

BBeagenne. Mukpo6ruoTa KOXKM KaXJIOTO YelIOBEKa YHHKAIbHAa U BKJIIOYAET pa3HOOOpa3HOE PE3UACHTHOE M TPAH3UTOPHOE COOOILIECTBO,
KOMITO3HITUSI KOTOPOTO OMpeJensieTcs CTPOro NHANBUAYaIbHO. JlJaHHOE MCCIe0BaHNe HAPaBIeHO HAa NACHTH(UKAIIMIO TEHOMOB MHKPO-
OpPraHU3MOB KOXKH Y TAIMEHTOB C XPOHHYECKOH MHKpPOOHOU 3k3eMoil. Lleib Mcc/ieoBaHUs: OLEHUTH KIMHUYECKYIO 3(PPEKTHBHOCTH
KOMIIJIEKCHOW Tepanmuy OONBHBIX MHKPOOHOH 5K3€MOH ¢ MepCOHAIN3UPOBAHHBIM MOAOOPOM TOMMYECKHX aHTHOAKTEPHATBHBIX CPEICTB
C Y4ETOM ONpEAeIeHHs] aHTHOMOTHKOPE3UCTEHTHOCTH METOIOM TTOJTHOT€HOMHOTO CEKBEHHPOBaHus. MeToabl. B mpocniekTHBHOM cpaBHH-
TEIFHOM PaHJOMHU3MPOBAHHOM HCCIIEIOBAHUH NMPHUHSIN yyacTHe 60 O0NBHBIX MUKPOOHOH 5K3eMOH B CTaIWU 00OCTPEHUs, KOTOPBIE CITy-
YaifHBIM 00pa3oM ObLIH pa3/ieNeHsl Ha ABe rpynmsl mo 30 yeoBeK: OCHOBHYIO M CpaBHEHHS. B rpymnme cpaBHenus (rpynna 2, n = 30) manu-
€HTaM MPOBOJNIIHN Tepanuio coryiacHo PenepaabHBIM KINHUYECKHM peKOMeHaAanusaM. B ocHoBHOII rpynme (rpynna 1, #n = 30) maueHToB
TaKJKe MPOBOAMIIACE TPAJUIIMOHHAS TePAMNHs, IPU ITOM TOINIECKHE aHTHOAKTEepHUAIbHBIE CPECTBA OBLIN MOA00PaHBI HEPCOHATN3NPOBAHO
Ha OCHOBE JJAHHBIX aHTUOMOTHKOPE3UCTEHTHOCTH. Ha 21-if IeHb Tepanuu naneHTaM o0euX rpy i B CXeMYy JeYeHUs OBl 100aBICH YMOJIEHT
¢ MPOOHOTHYECKUM KOMIIOHEHTOM. BoJIbHBIE MPOXOIUIN Tepanuio, HabaoneHne u o0cienoBanme Ha 6a3e Kadeapsl 1epMaTOBEHEPOIOTHI
(enepasbHOTO TOCYAAPCTBEHHOTO OIOKETHOTO 00pa30BaTENBHOTO yUpPEeKASHHUS BhICIIET0 oOpa3oBanus «KyOaHCKHI rocyaapCTBEHHBIH
MEIULMHCKUI YHUBEpCUTET» MUHUCTEPCTBA 3/ipaBooxpaneHus Pocculickoit @enepannu. KnuHuueckoe uccieoBaHUE BBITIOJHEHO B Me-
puoxn ¢ nexabps 2023 no gexkadps 2024 roga. Cpoku HaOMIOACHUS B HCCIIEAOBAaHUH OBLITN Pa3/eleHbl Ha HECKOIBKO 3TAIOB: O Hadaja Te-
panuy, Ha 14-ii, 21-if 1HU U ciiycTa 6 MecsLeB Tocie JedeHus. B pabore mpoBoamIICsS CpaBHUTENBHBIN aHATN3 MUKPOOHOMa MOpaKEHHBIX
YYacCTKOB KOXKH Y OOJBHBIX M OLEHWBAJOCH BIMSHHE TONMUYECKOTO aHTHOAKTEPHAIBHOTO Mpernapara, Hof00paHHOTO Ha OCHOBE JAHHBIX
MIOTHOT€HOMHOT 0 CEKBEHHPOBaHUs. JIabopaTOpHBIN 3Tal HACTOSIIETO HCCIEJOBAHNS BEITIOTHEH HA ABYX 0a3aX: KIMHUKO-IHATHOCTUIECKas
nabopatopust «CL Laby (obmiecTBo ¢ orpannueHHO# 0TBeTcTBeHHOCTHIO «CJI Menmkanrpym») . KpacHoznapa u reHeTnyeckas tabopatopust
«Cepbanady» (001ecTBO ¢ OrpaHUYEHHON OTBETCTBEHHOCTHIO «Cepbanady) B r. CankT-IleTepOypre. s OLEHKH KOXKHOTO MATOIOTUYECKO-
r'o Mpolecca NCIIOJIB30BAN HHIEKC IUIOMAAN MOpakeHUs U TSDKECTH atonmueckoro aepmaruta (Eczema Area and Severity Index, EASI).
Craructuueckas 06paboTka JaHHBIX TPOU3BOJUIIACE C HCIIOIB30BAHMEM CTaTUCTHUYECKOTo makeTa Statistica 12.0 (mpoussoautens StatSoft,
CIIIA) u Microsoft Exel 2010 (Microsoft, CILIA). CtaTucTHYeCKOE ONHCAaHUE KOMIMYECTBEHHBIX IIOKa3aTeNlel OCYIECTBIISIIOCH C TOMOIIBIO
MennaHsl 1 kBapTuiei (Me (Q1; O3)) u cpeqHero co CTaHAAPTHBIM OTKJIOHeHHEM (M £ SD). CTaTUCTHYECKH 3HAYNMBIMH Pa3INYHsI CAUTATH
pu ypoBHe omuoku p < 0,05. Pe3yapTaTrhl. Bo Bpems 000ocTpeHus y O0IBHBIX XPOHHYECKOH MUKPOOHOI 3K3eMOi HabII01a10Ch CMEIIeHNe
MHKPOOHOT'O PaBHOBECHS B CTOPOHY yBEIIMUYECHUSI MUKPOOPTaHU3MOB Staphylococcus aureus, Clostridioides difficile, Klebsiella pneumoniae,
Pseudomonas aeruginosa, Escherichia coli, mpucyTCTBYIOIMHNX Ha MOPaXXEHHBIX yYaCTKAaX KOXKH, IPU 3TOM KOJIMIECTBO (pyHKI[HOHATBHBIX
OaxTepuii ObLIO OrpaHUYeHO. Yoke Ha 14-i nens Obliia oTMedeHa Oosiee BRIpaskeHHAs TEHCHINS K BOCCTAHOBJICHHIO 3/I0POBOTO MUKPOOHOMa
y TAIHEHTOB OCHOBHOH Tpymmbl. K 6-My Mecsimy JieueHns y MallMeHTOB OCHOBHOH TpyHITBI HAOTI0AAI0Ch OOJIbIIIee CHUKEHHE MUKPOOHO
KOJIOHHM3AIIMH B OYarax MopakeHust MUKpOOHOH 5K3eMBbl, YeM B TpYIITe CPaBHEHUS, a Aoy QyHKIIMOHANOB Bifidobacterium u Lactobacillus
ObLTa yBeNMUYEHA 110 CPAaBHEHHIO CO 3HAUEHHUSAMU 10 jedeHus B 2,31 u 2,10 pa3a coorBeTcTBEHHO. [Ipy 3TOM B OCHOBHOM I'pymIe peruanB
3a00eBaHMs MPOU30LIEN y 2 TAIIMEHTOB (IIPOTHUB 5 B TPYIINE CPABHEHUS), YTO MOXKET TOBOPHUTH O O0NbIIeH 3PEeKTUBHOCTH MPEIIOKEHHO-
TO B HCCIIEIOBAHUH METO/a Tepanuu. 3akaoueHue. MeTos MOTHOT€HOMHOTO CEKBEHHPOBAHNUS TI0O3BOJSIET OMPEAETUTH TAKCOHOMUIECKOE
pazHooOpa3ue Mukpobuoma. IlepcoHann3npoBaHHOE TPUMEHEHNE TOMMYECKOTO AHTHOAKTEPHATIbHOTO CPEACTBA B KOMIUIEKCHON Tepanuu
B OCHOBHOM TpyTITIE MAIMEHTOB CHOCOOCTBYET OoJiee OBICTPOMY BOCCTAHOBJIEHHIO 30POBOT0 MUKPOOHOMA KOXKH, YEM B IPyTINe CPAaBHEHUSI.

KJIFOUEBBIE CJIOBA: Mukpo6Has 5K3eMa, MUKPOOHOM KOXH, MUKPOOHOM KHIIEYHNKA, MUKPOOHOTa, METAreHOMHOE CEKBEHUPOBAaHHE
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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)' [8]. The role
of nonspecific pathogens such as Proteus vulgaris, Neisseria
meningitidis, Neisseria gonorrhoeae, Cl. perfringens, CI. his-

tolyticum, and CI. 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

'Russian Society of Dermatovenerologists and Cosmetologists. Clinical Guidelines. Eczema. 2024. 56 p.
Oomepoccuiickas obuecTBeHHas opranusanus «Poccuiickoe 00IIECTBO 1€pMAaTOBEHEPOJIOrOB U KOCMETOIOroBY. Kinunuueckue pekomenoayuu. Ixzema.

2024. 56 c.
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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)?.
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 FCG®. 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.
Oomepoccuiickas obuecTBeHHas opranusanus «Poccuiickoe 00IIECTBO 1€pMAaTOBEHEPOIOrOB U KOCMETOIOroBY. Kiunuueckue pekomenoayuu. Ixzema.

2024. 56 c.
3 Ibid.

Kuban Scientific Medical Bulletin / Ky6anckuit Hay4HbBIH METUIIMHCKUI BECTHUK

20254 | Vol. 32 | Ne 4 | 18-32 21



ORIGINAL ARTICLES / OPUTMHAJIBHBIE CTATBU

CLINICAL MEDICINE / KIIMHUYECKA I MEJULINHA

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

é" Evaluated for eligibility (n = 63)
2,
E
2! Excluded from study (n = 3):
- refusal to participate in the study (n = 3)
g
ki Randomized (n = 60)
= T
S [ |
3 Group 1 (PAA) Group 2 (CG)
(n=30) (n=30)

[ |
= Failure to follow-up Failure to follow-up
% (n=0). (n=0).
5 Discontinued medical Discontinued medical
= intervention (n = 0). intervention (n = 0).

| |
§ Analyzed (n = 30). Analyzed (n= 30).
= Excluded from analysis Excluded from analysis
2 (n=0) (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.

Puc. 1. brok-cxema qu3aiiHa UcciaeI0BaHUS

Tlpumeuarnue: 610K-cxeMa 6bINOIHEHA ABMOPAMU (CO2NACHO pe-
xomenoayuam STROBE). Coxpawenusa: CG — mepanus co2nacHo
KAUHUYECKUM peKomeHoayuam, PAA — mepanus ¢ nepconanrusu-
POBAHHBIM NOOOOPOM AHMUMUKPOOHO20 CpedCmed.

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
(QI; 03)) 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 f-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 #-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 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. w.), 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
Tabnuma 1. AHTPOIIOMETPUYCCKUE XapPAKTEPUCTUKH UCCIEAYEMbIX TPy OOJIBHEIX

Characteristic 3:(:1; 0)1 ((i:(:l;) 0)2 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/m? 23.6+2.9 229+3.1 0.354

Note: the table was compiled by the authors. Abbreviation: BMI—body mass index.
Ipumeuanue: mabauya cocmasnena aemopamu. Cokpawenue: BMI — undexc maccol mena.

Table 2. Microbiome profile (Me (Q1; 03)) in patients in the studied groups before treatment
Tabnuua 2. MukpoOromHbli mpoduis B Buge Me (O, Q) y 60JIbHBIX B HCCIIEAYEMBIX TPYIIIAX 0 JEYEHHUS

Microbiome g:‘:g’ 0)1 ((i:'(;u;) 0)2 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.
Tpumeuanue: mabauya cocmasiena asmopamu.
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Table 3. Clinical parameters in patients in the studied groups

Tabnuna 3. KiinHnveckue nokasatenn y OOJBHBIX B HCCIEAYEMBIX IPYIIIax

Parameter g:iu; 0)1 ((i’r(;u;) 0)2 Statistical significance p
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.
Ipumeyanue: mabauya cocmasnrena asmopamu. Coxpawenue: EASI (Eczema Area and Severity Index) — unoexc nnowaou nopasicenus u

mAaxMcecmu amonu4eckozo depMamuma.

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

4.76%

47.62%

23.81%

Macrolide

= Fluoroquinolones

Aminoglycosides
= Diaminopyrimidines
= Oxazolidinones

Fig. 2. Groups of antibiotics to which Staphylococcus au-
reus is resistant

Note: the figure was created by the authors.

Puc. 2. I'pynnbl aHTUOMOTUKOB, K KOTOPBIM PE3UCTCHTHA
Staphylococcus aureus

Ipumeuanue: pucynok 6bInoHeH A8MOPaM.
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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
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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
(» <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 (Q,; Q,)) in patients in the study groups on day 14
Tabnuna 4. MuxpobuoMHbIi npoduns B Bujge Me (O, O,) y OONBHBIX B HCCIENYEMBIX IPyNNax Ha 14-i neHb

Microbiome g:‘:l; 0)1 ((ir(;u;) 0)2 Statistical significance p*
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—W hitney criterion.
Tpumeuanue: mabauya cocmasiena agmopamu; p* — no kpumepuio Manna — Yumnu.

Table 5. Microbiome profile (Me (Q,; Q,) in patients in the studied groups on day 21 of treatment
Tabmuua 5. MukpobuoMubiii mpoduis B Buje Me (O, O,) y O0ONBHBIX B HCCIIEAYEMBIX IPYTINax Ha 21-i 1€Hb Nevenus

Microbiome ((;r(;u?f) 0)1 ((i:(:l; 0)2 Statistical significance p*
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.
Tpumeuanus: mabruya cocmagiena agmopamu; p* — no kpumepuio Manna — Yumnu.
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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. preumonia 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 (Q,; O,) in patients in the studied groups on the 6th month of treatment
Tabnuua 6. Mukpo6uomubiii ipoduis B Bune Me (O, O,) y G0JIBHBIX B MCCIENYEMBIX TPYIIAX Ha 6-i MECSI JIeUCHHU S

Microbiome ((}nr(;u;())l 2:1“;’0)2 Statistical significance p*
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.
Tpumeuanue: mabauya cocmasnena asmopamu, p* — no kpumepuio Manna — Yumuu.
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Table 7. Median values of bacterial prevalence rates before treatment and 6 months after the start of treatment in the studied

groups of patients

Tabnuna 7. OTHOLICHU I MeTMaHHbBIX 3HAYEHU I TT0Ka3aTelieil pacpocTpaHeHHOCTH OAKTEPHid 10 JIeUeHUs U uepe3 6 MecsiLeB

MOCJIe Havasia JICYSHU S B UCCIIEAYEMbIX TpyIIax OoIbHBIX

Microbiome g:iu; 0)1 ((i’r(;u;) 0)2 Statistical significance p*
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.
Tpumeuanua: mabauya cocmagnena asmopamu, p* — no kpumepuio Manna — Yummuu.

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

Tabnuma 8. 3HaueHNs YPOBHEH CTaTHUCTUYCCKON 3HAYMMOCTH Pa3IMYUid MEIUAHHBIX 3HAUCHUH MHKPOOHBIX MMOKa3aTeleH
OOJBHBIX IO THITY OTBETA Ha TEPAIUIO JUIS PA3HBIX CPOKOB HAOIIONECHUS B UCCICIYEMBIX TPYIITaxX

Microbiome | Before treatment | After 14 days | After 21 days | After 6 months

Type 1 of bacterial behavior

E. coli 0.717 p<0.001 p<0.001 p=0.290

S. aureus 0.988 p=10.003 p=0.050 p=0.176
Type 2 of bacterial behavior

K. pneumonia 0.994 p=0.876 p=10.041 p<0.001

M. tuberculosis 0.993 p=00911 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 »<0.001

Bifidobacterium 0.848 »=0.399 p<0.001 p<0.001

Note: the table was compiled by the authors.
Tpumeuanue: mabauya cocmasiena asmopamu.

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-
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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.
Puc. 3. 3HaueHUs MeMaH MUKPOOHOTO TOKa3aTels s Oak-
tepun E. coli B rpymnnax (rpynna | — OCHOBHas TpyIa,
rpymmna 2 — rpylmna CpaBHEHHs)) sl Pa3IHYHBIX CPOKOB
HaOJIIO/IeHH ST

Ipumeuanue: pucynox evinornen asmopamu. Cokpawernue: Gr —
epynna.

% Extremes

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.
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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.

Puc. 4. 3HaueHuss MeauaH MUKPOOHOTO TOKa3aTess A
6aktepun K. pneumonia B rpynnax (rpynmna | — ocHOBHast
rpyIna, rpymnna 2 — rpynna CpaBHEHUs) I pa3IMUHbIX
CPOKOB HaOJTIOICHHS

Ipumeuanue: pucynox evinoanen asmopamu. Coxpawenue: Gr —
epynna.

sk Extremes

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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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.
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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
Puc. 5. 3Havenus menuaH MUKpPOOHOTO TOKa3aTels IS
Oaxtepuu P. aeruginosa B rpynnax (rpynna | — ocHOBHast
rpynna, rpynna 2 — rpynmna CpaBHEHHUs) ISl Pa3IMuHbIX
CPOKOB HaOIIOIEHH S

Ipumeuanue: pucynox evinonnen agmopamu. Cokpawenue: Gr —
epynna.

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

Table 9. Medians of the EASI index for different observation periods in the compared groups of patients
Tabnuna 9. 3nauenns menuan naaekca EASI mist pa3audHbIX CPOKOB HAOIOACHUS B CPABHUBAEMBIX I'pyMIax OOJBHBIX

Observation period ((};:(;u; 0)1 2::“;’ 0)2 Statistical significance p*
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—W hitney criterion. Abbreviation: EASI—Eczema Area and Severity Index
Ipumeuanus: mabauya cocmasiena agmopamu, p* — no kpumeputo Manna — Yumnu. Coxpawenue: EASI (Eczema Area and Severity
Index) — undexc nrowadu nopasicenus u madjicecmu amonULecKo2o0 0epmMamumd.
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Table 10. Number of patients and their shares with different severity of residual disease in the compared groups
Tabnuna 10. KonmyecTBo OOMBHBIX M UX JIOJIH C Pa3IMYHBIMH CTEHECHSIMH TSDHKECTH OCTaTOYHOro 3a00JieBaHUs B IPyIIIax

CpaBHEHHUS
. . Group 1 Group 2 . R -
Disease severity (n = 30) (n = 30) Statistical significance p
Mild, abs/rel% 25/83.33 16/53.33 0.015
Moderate, abs/rel% 3/10.00 9/30.00 0.063
Medium, abs/rel% 2/6.67 5/16.67 0.263

Notes: the table was compiled by the authors; p* — by Chi-square test or Fisher’s exact test
IIpumeyanus: madauya cocmasenena asmopamu, p* — no kpumepuio Xu-xeadpam uiu no mounomy kpumepuio Quuiepa.

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

REFERENCES / CIIUCOK JIUTEPATY Pbl

1. Silina LV, Schwartz NE. Skin microbiome in case of microbial eczema
(in Russian only). Russian Journal of Clinical Dermatology and Vene-
reology. 2019;18(1):49-55 (In Russ.). https://doi.org/10.17116/klinder-
ma20191801149
Cununa JI.B., llIBapu H.E. MukpoOuom KoxH IIpu MUKPOOHOI 3K3eMe.
Knunuueckas oepmamonozus u eeneponozus. 2019;18(1):49-55. https:/
doi.org/10.17116/klinderma20191801149

2. Hilpiisch C, Rohayem R, Reiger M, Traidl-Hoffmann C. Exploring
the skin microbiome in atopic dermatitis pathogenesis and disease
modification. J Allergy Clin Immunol. 2024;154(1):31-41. https://doi.
org/10.1016/j.jaci.2024.04.029

3. Salem I, Ramser A, Isham N, Ghannoum MA. The Gut Microbiome as
a Major Regulator of the Gut-Skin Axis. Front Microbiol. 2018;9:1459.
https://doi.org/10.3389/fmicb.2018.01459

4. Widhiati S, Purnomosari D, Wibawa T, Soebono H. The role of gut mi-
crobiome in inflammatory skin disorders: A systematic review. Der-
matol Reports. 2021;14(1):9188. https://doi.org/10.4081/dr.2022.9188

5. Ahmad F, Alam MA, Ansari AW, Jochebeth A, Leo R, Al-Abdul-
la MN, Al-Khawaga S, AlHammadi A, Al-Malki A, Al Naama K, Ah-
mad A, Buddenkotte J, Steinhoff M. Emerging Role of the IL-36/IL-
36R Axis in Multiple Inflammatory Skin Diseases. J Invest Dermatol.
2024;144(2):206-224. https://doi.org/10.1016/j.jid.2023.11.004

6. Rozhivanova TA, Polesko IV, Shcherbakova MYu. Modern concepts of
the microbiocenosis of the skin and intestine in patients with eczema
and metabolic syndrome. Russian Journal of Clinical Dermatology and
Venereology. 2015;14(2):11-16 (In Russ.). https://doi.org/10.17116/klind-
erma201514211-16
PoxuBanoBa T.A., Ionecko U.B., IllepbakoBa M.IO. Cospemen-
HBIC NIPEACTABICHUS O MUKPOOHOLIEHO3€ KOXKHU M KHIICYHUKA Yy 00JIb-
HBIX HK3€MOU M METa0OJIMYECKUM CHUHIPOMOM. Kiunuueckas depma-
monoeus u eeneponoeus. 2015;14(2):11-16. https://doi.org/10.17116/
klinderma201514211-16

7. Kobayashi T, Nagao K. Host-microbial dialogues in atopic dermati-
tis. Int Immunol. 2019;31(7):449—456. https://doi.org/10.1093/intimm/
dxz026

8. Kovaleva YuS, Komkina NG. Microbic eczema — trigger points of in-
fluence. Meditsinskiy Sovet. 2023;17(2):37-44 (In Russ.). https://doi.
org/10.21518/ms2022-031.

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.

Kosanesa 10.C., Komkuna H.I. MukpoOHasi 5k3eMa — TpHUITEpHBIE
TOYKM BO3AEHCTBUSA. Meduyunckuti cosem. 2023;17(2):37-44. https:/
doi.org/10.21518/ms2022-031

9. Baviera G, Leoni MC, Capra L, Cipriani F, Longo G, Maiello N, Ricci G,
Galli E. Microbiota in healthy skin and in atopic eczema. Biomed Res
Int. 2014;2014:436921. https://doi.org/10.1155/2014/436921

10. Murzina E, Kaliuzhna L, Bardova K, Yurchyk Y, Barynova M. Human
Skin Microbiota in Various Phases of Atopic Dermatitis. Acta Derma-
tovenerol Croat. 2019;27(4):245-249.

11. Kuznetsov KO, Tukbaeva LR, Kazakova VV, Mirzoeva KR,
Bogomolova EA, Salakhutdinova Al, Ponomareva DYu, Garipova AR,
Mutsolgova MSM, Galimkhanov AG, Sakhibgareev MI, Guzhvieva ER.
The Role of COVID-19 in Antibiotic Resistance in Pediatric Population.
Pediatric pharmacology. 2022;19(6):503—513 (In Russ). http:/dx.doi.
org/10.15690/pfv1916.2465
Kysnenos K.O., Tyk6aesa JI.P., Ka3zakoa B.B., Mup3zoesa K.P., bo-
romonoBa E.A., Canaxyraunoa A.U., ITonomapesa [I.}O., Tapurmo-
Ba A.P., Mynonsrosa M.C.-M., l'anumxanos A.I", Caxubrapees M.U.,
I'yxsueBa D.P. Biusuue COVID-19 Ha aHTUOMOTHKOPE3UCTEHTHOCTh
B IEIUATPUYECKOH mnomyasuuu. [leduampuyeckas gapmaxonozus.
2022;19(6):503-513. http://dx.doi.org/10.15690/pf.v19i6.2465

12. Shah RA, HsuJI, Patel RR, Mui UN, Tyring SK. Antibiotic resistance in der-
matology: The scope of the problem and strategies to address it. J Am Acad
Dermatol. 2022;86(6):1337-1345. https://doi.org/10.1016/j jaad.2021.09.024

13. Miller AC, Adjei S, Temiz LA, Tyring SK. Antibiotic Resistance in
Dermatology Part 1: Mechanisms of Resistance. Skin Therapy Lett.
2023;28(1):7-10

14. Stracy M, Snitser O, Yelin I, Amer Y, Parizade M, Katz R, Rimler G,
Wolf T, Herzel E, Koren G, Kuint J, Foxman B, Chodick G, Shalev V,
Kishony R. Minimizing treatment-induced emergence of antibiotic
resistance in bacterial infections. Science. 2022;375(6583):889—-894.
https://doi.org/10.1126/science.abg9868

15. Bin L, Malley C, Taylor P, Preethi Boorgula M, Chavan S, Daya M,
Mathias M, Shankar G, Rafaels N, Vergara C, Potee J, Campbell M,
Hanifin JM, Simpson E, Schneider LC, Gallo RL, Hata T, Paller AS, De
Benedetto A, Beck LA, Ong PY, Guttman-Yassky E, Richers B, Bara-
ghoshi D, Ruczinski I, Barnes KC, Leung DYM, Mathias RA. Whole
genome sequencing identifies novel genetic mutations in patients with

Kuban Scientific Medical Bulletin / Kybanckuii HayYHbBIH MEIUIIMHCKUI BECTHUK

30 2025 | Vol. 32 | Ne 4 | 18-32



Lazarev V.V., Tlish M.M., Shavilova M.E.

Personalized selection of topical antibacterial agents in patients with microbial eczema based on whole genome sequencing data...

eczema herpeticum. Allergy. 2021 Aug;76(8):2510-2523. https://doi.
org/10.1111/al1.14762

16. Olisova OYu, Svitich OA, Poddubikov AV, Vartanova NA, Potapova MB.
Microbiological assessment of the effectiveness of standard therapy in
atopic dermatitis. Vestnik Dermatologii i Venerologii. 2023;99(3):44-52
(In Russ). https://doi.org/10.25208/vdv1364
Omnucosa O.10., Ceutuu O.A., Ilognybukos A.B., Bapranosa H.A.,
Iotanosa M.B. MukpoOuosorunyeckast oueHka 3pGpeKTHBHOCTH CTaH-
JapTHOM Tepanuy P aTOMUYECKOM JIepMaTUTe. Becmuuk depmamono-
euu u seneponozuu. 2023;99(3):44-52. https://doi.org/10.25208/vdv1364

17. Folster-Holst R. The role of the skin microbiome in atopic dermatitis -
correlations and consequences. J Dtsch Dermatol Ges. 2022;20(5):571—
577. https://doi.org/10.1111/ddg.14709

18. Tlish MM, Kuznetsova TG, Naatyzh ZhYu, Psavok FA. Microbial ecze-
ma: possibilities of correction at the present stage. Vestnik Dermatologii i
Venerologii. 2018;94(4):60—67 (In Russ). https://doi.org/10.25208/0042-
4609-2018-94-4-60-67
Tnum M.M., Ky3neuosa T.I', Haarepk XK.IO, IIcaBok ®.A. Mukpo0-
Hasl 9K3eMa: BO3MOXKHOCTH KOPPEKI[MH Ha COBPEMEHHOM 3Tare. Becm-
nux depmamonoeuu u eeneponocuu. 2018;94(4):60—67. https://doi.
org/10.25208/0042-4609-2018-94-4-60-67

19. Hanifin JM, Baghoomian W, Grinich E, Leshem YA, Jacobson M, Simp-
son EL. The Eczema Area and Severity Index-A Practical Guide. Dermati-
tis. 2022;33(3):187-192. https://doi.org/10.1097/DER.0000000000000895

20. Muravyova AS, Lykov IN. Medical and environmental aspects of
antibiotic resistance of the skin microbiome in family members.
Problemy Regional’noi Ekologii. 2023;3:27-31 (In Russ). https:/doi.
org/10.24412/1728-323X-2023-3-27-32
MypasbeBa A.C., JlbikoB M.H. Mennuko-3K0J0ru4eckue acrhek-
Thl aHTHOMOTHKOPE3UCTEHTHOCTH MHKPOOHMOMAa KOXH y UJICHOB Ce-
MbH. [Ipobnemer peeuonanvhoii sxonoeuu. 2023;3:27-31. https://doi.
org/10.24412/1728-323X-2023-3-27-32

21. Piruzyan AL, Niewozinska ZA, Korsunskaya IM. Skin bacterial
infections — always a topical problem. Medical Council. 2021;8:63—-66
(In Russ.). https://doi.org/10.21518/2079-701X-2021-8-63-66
Mupyssu AJl, HeBosunckas 3A, Kopcynckas UM. Koxuble 6akrepu-
aJbHbIC HHEKIIMU — BCeria akTyalbHas npodnema. Meouyunckuii Co-
sem. 2021;8:63—66. https://doi.org/10.21518/2079-701X-2021-8-63-66

22. Tarasko AD. Chronic deep recurrent pyoderma in the outpatient practice
of the surgeon. Ambulatory Surgery (Russia). 2021;18(2):144-150 (In
Russ.). https://doi.org/10.21518/1995-1477-2021-18-2-144-150
Tapacko A.Jl. XpoHuueckas riyOokas peluIuBUpYIOLIas MUOIEP-
MHUsl B aMOyJIaTOPHOU MPaKTHKE XUPypra. AmOyramopnas xupypausi.

INFORMATION ABOUT THE AUTHORS
Venyamyn V. Lazarevl< — Assistant of the Department of Derma-
tovenerology, Kuban State Medical University.
https://orcid.org/0000-0002-8047-2707

Marina M. Tlish — Dr. Sci. (Med.), Professor (academic title), Head of
the Department of Dermatovenerology, Kuban State Medical University.
https://orcid.org/0000-0001-9323-4604

NHOPOPMALNNA O ABTOPAX

Jlazapes Bennamun BuxropoBuul<d — accucrent xadeapsl aep-
MAaTOBEHEPONOTHN (eIepanbHOr0 TOCYIapPCTBEHHOTO OIOIKETHOTO
00pa3oBaTenbHOTO YUpEKIACHHUS BhIcero o0pasoBanus «Kybanckuit
TOCYAApCTBEHHBIM MEAMLIMHCKUN YHUBEpCUTET» MMHHCTEPCTBA
31paBooxpanenus Poccuiickoit @enepanun.
https://orcid.org/0000-0002-8047-2707

Taum Mapuna MoccoBHAa — JOKTOp MEAMLUHCKUX HayK, Ipodec-
cop, 3aBexqyromast kadenpoi gepMaToBeHEpONOrHH (eneparbHOro
TOCYAapCTBEHHOTO OIOPKETHOTO 00pa30BaTENbHOTO yUPEKACHUS
Beiciiero oOpasoBaHus «KyOaHCKMII rocygapCTBEHHBIN MeIWIMH-

>4 Corresponding author / ABTOp, OTBETCTBEHHBIH 3a MEPENUCKY

2021;18(2):144—150. https://doi.org/10.21518/1995-1477-2021-18-2-
144-150

23. Tlish MM, Popandopulo EK. Evaluation of the effectiveness of
ultratonotherapy in patients with microbial eczema. Problems of
Balneology, Physiotherapy and Exercise Therapy. 2022;99(5):48-53
(In Russ.). https://doi.org/10.17116/kurort20229905148
Taum M.M., Honannonyno E.K. Ouenka 3¢(peKTHBHOCTH MpUMEHE-
HUS YIBTPATOHOTEPANUH y OOJIBHBIX MHKPOOHOH 3K3eMoil. Bonpocwi
Kypopmonozauu, gusuomepanuu u ne4eOHol Gu3UecKol KyIbmypbl.
2022;99(5):48-53. https://doi.org/10.17116/kurort20229905148

24. Mlynarczyk-Bonikowska B, Kowalewski C, Krolak-Ulinska A,
Marusza W. Molecular Mechanisms of Drug Resistance in Staphylo-
coccus aureus. /nt J Mol Sci. 2022;23(15):8088. https://doi.org/10.3390/
ijms23158088

25. Xie J, Li M, Yang S, Dong Q. Topical administration of mupirocin
ointment and fusidic acid in bacterial infection-induced skin diseases.
Postepy Dermatol Alergol. 2025;42(1):42—46. https://doi.org/10.5114/
ada.2024.145185

26. Chu DK, Chu AWL, Rayner DG, Guyatt GH, Yepes-Nuiiez JJ, Go-
mez-Escobar L, Pérez-Herrera LC, Diaz Martinez JP, Brignardello-Pe-
tersen R, Sadeghirad B, Wong MM, Ceccacci R, Zhao IX, Basmaji J,
MacDonald M, Chu X, Islam N, Gao Y, Izcovich A, Asiniwasis RN,
Boguniewicz M, De Benedetto A, Capozza K, Chen L, Ellison K, Fra-
zier WT, Greenhawt M, Huynh J, LeBovidge J, Lio PA, Martin SA,
O’Brien M, Ong PY, Silverberg JI, Spergel JM, Smith Begolka W,
Wang J, Wheeler KE, Gardner DD, Schneider L. Topical treatments for
atopic dermatitis (eczema): Systematic review and network meta-anal-
ysis of randomized trials. J Allergy Clin Immunol. 2023;152(6):1493—
1519. https://doi.org/10.1016/j.jaci.2023.08.030

27. Kotsur YuM, Chernykh TF, Flisyuk EV, Narkevich IA. Development
of a topical formulation of a thiadiazole derivative. Drug development
&  registration.  2024;13(4):121-128  (In  Russ.).  https:/doi.
0rg/10.33380/2305-2066-2024-13-4-1931
Konyp I0O.M., Yepnsix T.®., Oauciok E.B., Hapkesuu U.A. Pa3pabotka
coCTaBa TONMUYECKOI (POPMBI IPOM3BOAHOTO THaANAa30a. Paspabomka
u pecucmpayus nexkapcmeennvlx cpeocms. 2024;13(4):121-128. https:/
doi.org/10.33380/2305-2066-2024-13-4-1931

28. Lax SJ, Van Vogt E, Candy B, Steele L, Reynolds C, Stuart B, Park-
er R, Axon E, Roberts A, Doyle M, Chu DK, Futamura M, Santer M,
Williams HC, Cro S, Drucker AM, Boyle RJ. Topical Anti-Inflamma-
tory Treatments for Eczema: A Cochrane Systematic Review and Net-
work Meta-Analysis. Clin Exp Allergy. 2024;54(12):960-972. https:/
doi.org/10.1111/cea.14556

Marina E. Shavilova — Cand. Sci. (Med.), Assistant of the Depart-
ment of Dermatovenerology, Kuban State Medical University.
https://orcid.org/0000-0002-5776-6221

CKMH yHMBepcUTET» MUHMCTEpCTBA 3paBooxpaHeHus Poccuiickoit
®denepanuu.

https://orcid.org/0000-0001-9323-4604

IlaBunoBa Mapuna EBreHbeBHa — KaHAMIAT MEIUIIMHCKUX
HayK, AaCCHUCTCHT Kadenpbl NepMaTOBEHEPOIOTHH (enepaabHOro
TOCYIapCTBEHHOTO OIOPKETHOTO 00pPa30BATENBHOTO YUPEKICHUS
BeIciero oOpasoBaHus «KyOaHCKMII rocynapcTBEHHBIH MEIMIHH-
CKHMH yHUBEpCcUTET» MUHHCTEPCTBA 31[paBooxpaHeHus Poccuiickoit
®denepanuu.

https://orcid.org/0000-0002-5776-6221

Kuban Scientific Medical Bulletin / Ky6anckuit Hay4HbBIH METUIIMHCKUI BECTHUK

20254 | Vol. 32 | Ne 4 | 18-32 31



