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Introduction. Atopic dermatitis is a common chronic relapsing inflammatory multifactorial skin disease. Staphylococcus aureus skin coloniza-

tion increases during disease outbreaks and correlates with the severity of skin symptoms.

Purpose — to evaluate the effectiveness of thyrothricin gel as an adjuvant therapy in the treatment of atopic dermatitis and the influence

of polymorphisms of pattern recognition receptors on the achieving a therapeutic effect.

Materials and methods. This study included patients with atopic dermatitis (n=37) aged 2-18 years from the Allergy Department

of the Kyiv City Children’s Clinical Hospital No. 2. Patients were devided into two groups: a group that received thyrothricin gel on the affected

skin areas 2 times a day for 7 days (the Group A) and a control group (the Group B) that received only basic symptomatic therapy. SCORAD
(SCORing AD) and CDLQI (Children’s Quality of Life Index in Dermatology) scores were recorded before and after treatment, side effects were
recorded during the study. Skin swabs were taken in the Group A before and after treatment. Genotyping of polymorphisms rs4696480 in the

TLR2 gene, rs7309123 in the Dectin-1 gene were performed using polymerase chain reaction.

Results. In both groups of children, improvement was observed in 7 days after treatment (p<0.001). In the Group A, the improvement
in ASCORAD was 16.6x5.9 points, in the Group B — 8.1%4.5 points. The difference in ASCORAD scores between the Groups A and B was sta-

tistically significant (W=225.0, p<0.001). The decrease in CDLQI score after treatment was 3.8+1.8 points in the Group A and 2.3+1.25 points
in the Group B. A significant decrease in CDLQI score was demonstrated in the intervention group than in the control group after treat-
ment (W=275.5, p=0.004). After treatment, a bacteriological examination of the skin demonstrated the eradication of Staphylococcus aureus:
in the Group A, 94.4% of patients were Staphylococcus aureus-negative. Polymorphisms rs4696480 in the TLR2 gene and rs7309123 in the
Dectin-1 gene did not affect the speed of achieving the therapeutic effect.

Conclusions. The addition of thyrothricin to standard therapy for atopic dermatitis in children with Staphylococcus aureus infection of affected

skin may provide significant clinical benefit in SCORAD and CDLQI scores.

The research was carried out in accordance with the principles of the Helsinki Declaration. The study protocol was approved by the Local Ethics
Committee of the participating institution. The informed consent of the patients was obtained for conducting the studies.

No conflict of interests was declared by the author.
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BusBneHHq Ta slikyBaHHS iHpiKyBaHHS 3010TUCTUM CTadiNNOKOKOM LUKipU B giTei
3 aToniyHumM gepmMmaTtuTom

0.B. Mo3upcbka

HauioHanbH1ii meanynmin yHisepcuteT imeni O.0. boromonbuga, M. Knis, YkpaiHa

BeTtyn. ATONiYHW AepMaTnT — LEe NOWMPEHE XPOHIYHE PeUMAMBYIOHE 3ananbHe MynbTUGhAaKTOPHE 3axXBOPIOBAHHSA LLKIpX. KonoHidauis wkipm
Staphylococcus aureus 3pocTae nif, Hac cnanaxis 3axBOPIOBaHHSA Ta KOPEOE 3 TSXKKICTIO LKIPHMX CUMMATOMIB.

MeTta — ouiHNTY ePEKTUBHICTE TUPOTPULMHY TS0 AK aftoBAHTHOI Tepanii B JlikyBaHHi aroni4Horo AepMartnty; BUABLTI BB NONIMOPDI3MIB
PEeLEnTopiB PO3Mi3HABAHHA NATEPHIB HA WBMAKICTb OOCATHEHHA TEPaneBTUYHOrO edeKTy.

MaTtepianu Ta meToau. OO6CTEXEHO XBOPVIX Ha aTONi4HWUI AepmMaTtuT (n=37) Bikom 2— 18 pokis 3 anepronoriyHoro sinaineHHs Kuiscbkoi Mickb-
KOI AmMTAYOol KNiHiYHOI nikapHi N2 2. MaujeHTv nogineHi Ha ABi rpynu: rpyna, ska oTprMyBana TMPOTPULMH Feflb Ha YpaxeHi AiNsaHKN WKipy 2 pasu
Ha o0y npoTarom 7 Oi6 (rpyna A); KOHTpObHa rpyna (rpyna b), o oTprMyBana Tinbky 6a30By CMMATOMATUYHY Tepanito. OuiHK/ 3a lwkanamm
SCORAD ta CDLQI (iHOeKC SKOCTi XuTTs AiTer y nepMaTonorii) 3apeectpoBaHo A0 i nicnsa nikyBaHHs, NobiyHi epekTy 3apeecTpoBaHo nif, 4ac
nocnimxeHHa. JlocnioxeHHa HaaBHOCTI Staphylococcus aureus Ha LWKipi NpOBEAEHO B rpyni A A0 i Nicns NikyBaHHA. [eHOTMMYBAHHS NONIMOP-
dismiB rs4696480 y reri TLR2, rs7309123 y rexi Dectin-1 Bu3Ha4eHo 3a A0NOMOroio NoAIMeEPasHOi NaHLIIOroBOI peakLji.

Pesynbratu. B 060X rpynax Aiteit cnoctepiranocs nofinweHHa yepea 7 aio nicna nikysaHHs (p<0,001). Y rpyni A noninweHHs ASCORAD
cTaHoBMNO 16,6+5,9 6ana, y rpyni b — 8,1+4,5 6ana. PigHuus 8 6anax ASCORAD wmix rpynamu A i B 6yna ctatnctnyHo sHadyuoto (W=225,0,
p<0,001). SHmxeHHs ouiHk 3a CDLQI nicns nikyBaHHA y rpyni A ctaHoBmno 3,8+1,8 6ana, y rpyni B — 2,3+1,25 6ana. BuasneHo sHadyuie
3HXeHHst 6ana CDLQI B rpyni BTpyYaHHs MOPIBHSHO 3 KOHTPOJbHOIO rpyrnoto nicns nikyBaHHs (W=275,5, p=0,004). baktepionoriyHe aocni-
[XEHHSI LWKipK nicns NikyBaHHSA NoKadano epaavikauiio Staphylococcus aureus: y rpyni A 94,4% xsopwux 6ynn Staphylococcus aureus-Heratne-
HumK. [Monimopdiamum rs4696480 y reni TLR2 ta rs7309123 y rexi Dectin-1 He BnavBanu Ha WBNOKICTb OCATHEHHA TepaneBTMYHOro eekTy.
BucHoBKM. [logaBaHHs TMPOTPUUMHY 0 CTaHAaPTHOI Tepanii aTonivyHoro AepmMaruTy B AiTen 3 iHpikyBaHHAM ypaxeHoi Wwkipu Staphylococcus
aureus Moxe 3ab6e3nednTi 3Ha4Hy KNiHIYHY ePEeKTUBHICTb 3a nokasHvkamu wkanm SCORAD Ta banamin 3a onuTyBanbHVUKOM AKOCTI KUTTS
CDLQ.

JocnigxeHHa BMKOHAHO BIANOBIAHO 40 NPUHUMNIB FenbCiHCHKOI Aeknapalli. [MpoTokon A0CNIAXEHHS yxBaneHO JIOKanbHUM eTUYHM KOMITE-
TOM 3a3Ha4eHoi B pob0oTi yCTaHOBK. Ha npoBeaeHH:A AOCiAXEHb OTPUMAaHO IHPOPMOBaHY 3roaly 6aTbkis, AiTeN.

ABTOP 3a8B14€ NPO BIACYTHICTb KOHMNIKTY IHTEPECIB.

KntouoBi cnoBa: atoniyHuii nepmarunt, Staphylococcus aureus, 0OAHOHYKNEOTUAHMI NONIMOPQI3M, TUPOTPULMH.
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Introduction

topic dermatitis (AD) is a common
Achronic relapsing inflammatory mul-
tifactorial skin disease characterized
by intense itching. AD affects up to 20% of chil-
dren and 1-3% of adults [10,11]. Staphylococcus
aureus (S. aureus) is often found in the affected
areas in AD. S. aureus skin colonization increases
during disease outbreaks and correlates with the
severity of skin symptoms in children with AD [8].
In addition, E.L. Simpson et al. demonstrated that
AD patients who were colonized with S. aureus
had higher levels of biomarkers of type 2 inflam-
mation (higher blood eosinophils and serum total
IgE, CCL17, and periostin) and showed greater al-
lergen sensitization than patients with AD, whose
skin was not colonized by S. aureus [6].

Thyrothricin, an antimicrobial peptide com-
bination produced by Bacillus brevis, composed
of gramicidins and tyrocidins, has broad antimi-
crobial activity against gram-positive bacteria and
some yeast in vitro. The polypeptide and its com-
ponents have been used therapeutically for appro-
ximately 60 years for topical treatment of infected
skin and infected oropharyngeal mucosa [7].

According to our data, studies on the effec-
tiveness of thyrothricin as an additional therapy
in the treatment of AD complicated by secondary
S. aureus infection are limited and poorly described.
One small study demonstrated the safety and the-
rapeutic efficacy of thyrothricin gel in the treatment
of bacterial complications of AD in 30 children [2].

Pattern recognition receptors play a major role
in the development of infectious lesions on atop-
ic skin, in particular. We decided to test the in-
fluence of pattern recognition receptor polymor-
phisms (rs4696480 in the TLR2 gene, rs7309123
in the Dectin-1 gene) on the speed of achieving the
therapeutic effect.

The purpose of the study — to evaluate the
effectiveness of tyrothricin as an adjuvant ther-
apy in the treatment of AD and the influence
of polymorphisms of pattern recognition receptors
on the effectiveness of treatment.

Materials and methods of the research

The study included patients with AD (n=37);
aged 2—18 years, median 6 (3;10) from the aller-
gy department of the Kyiv City Children’s Clini-
cal Hospital No. 2. This study was approved by the
ethics commission of Bogomolets National Medi-
cal University, all patients/parents of sick children
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gave informed consent to participate. The diagno-
sis of AD was established according to the Hanifin
& Rajka criteria.

Clinical parameters of patients included age,
sex, age of disease onset and severity of AD,
total IgE. The severity of AD was assessed
by the SCORing atopic dermatitis index
(SCORAD scale).

SCORAD severity assessment and S. aureus
skin sampling were performed at the same visit.

The inclusion criteria were the duration of AD
for more than 1 year; degree of severity according
to the SCORAD scale 10—60 points, for the inter-
vention group — a positive S. aureus skin culture.
Exclusion criteria were: treatment with systemic
corticosteroids within the past 4 weeks, treatment
with topical or systemic antibacterial drugs for
any other dermatological disease within the past
4 weeks, severe systemic disease, or malignancy.

Patients were divided into two groups: a group
that received thyrothricin gel (the Group A,
n=18) and a control group (the Group B, n=19).
The Group A patients underwent a bacteriologi-
cal examination of the skin before and after treat-
ment. Bacteriological skin cultures were not per-
formed on the Group B patients, as they did not
receive antibacterial treatment. The Group A pa-
tients were treated with thyrothricin (1 g of gel
contains 1 mg of thyrothricin) and the necessary
symptomatic agents (emollients and betametha-
sone dipropionate cream (1 g of cream contains
0.64 mg of betamethasone dipropionate) twice
a day), the duration of treatment was 1 week.
Children in the control group received only basic
symptomatic therapy — topical betamethasone
dipropionate cream and emollients.

Before and after the treatment, the severity was
assessed according to the SCORAD scale and the
CDLQI (children’s quality of life index in derma-
tology) questionnaire score, and side effects were
recorded during the study.

Bacteriological research

In 18 children with AD from the Group A,
swabs were taken from the skin by wiping with
a sterile cotton swab for 5 seconds in the area of the
ulnar fossa, on the affected area of the skin. Blood
and yolk-salt agar were inoculated from the smear.
The tablets with the material were incubated in
a thermostat at 37°C for 48 hours. For further
research, colonies of Gr + cocci were selected
and tested for catalase. Further identification
of catalase-positive colonies was performed on
a Vitek2compact bacteriological analyzer.
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Demographic and clinical characteristics of patients fuble
Parameters Group A Group B
Patients, n 18 19
Age, years, Me (Ql;:Qlll) 6.5(3;13) 6 (4;10)
Boys/Girls 10/8 10/9
Duration of AD, Me (QI;Qlll) 7+5.1 6.9+t4.8
SCORAD 30 (17;40) 30 (20;45)
CDLQl 8(8;13) 12 (6;13)
Serum IgE, IU/ml 111 (56;451.4) 306 (111;832)
Dynamics of the average score ASCORAD, % 16.6+£5.9 8.1£4.5
Dynamics of the average score ACDLQI, % 3.8£1.8 2.3+1.25
Notes: SCORAD — SCORing for Atopic Dermatitis; CDLQI — children’s dermatology life quality index; Me (Ql; Qlll) — median (quartiles I; Ill); AD —

atopic dermatitis; IgE — immunoglobulin E.

DNA extraction

The buccal epithelium was collected with buccal
brushes, followed by freezing of the samples and
storage at -20°C. DNA for genotyping was isolated
from samples using NeoPrep 100 DNA (Neogen,
Ukraine) according to the manufacturer’s protocol.

Genotyping

Amplification  reactions were performed
using a 7500 Fast Real-time PCR System
(Applied Biosystems, USA) in a final reaction
volume of 20 pl, which contained 2X TagqMan
Universal Master Mix (Applied Biosystems, USA),
assay C_ 27994607 10, and template DNA.
Thermal cycling conditions included a de-
naturation step at 95°C for 20 s, followed by
40 cycles of amplification at 95°C for 3 s and
60°C for 30 s. Data analysis was performed
using 7500 Fast Real-Time PCR software.
The primer sequences of the rs4696480 polymor-
phism in TLR2 were as follows:

for TLR2-F 5’
AACAGAAATTTATCCATTCATGGTT
3, Rev TLR2-R 5’
AGCAGTTTATTGTGAGAATGAGTTT 37

for rs7309123 Dectin-1 (https://www.ncbi.
nlm.nih.gov/SNP/): CP1.GTAGAAGTATACG
TGTTGAAATAATAGATTACGP1:GTAGAA
GTATACGTGTTGAAATAATAGATTAG C/G
P2:ACCTTTCACATATCTTCCGGTCATC

Statistical analysis

Statistical processing was performed using
EZR software version 1.32 (R graphical interface
(version 2.13.0)). Quantitative data for each of the
studied groups are presented in the form of median —
Me (QI; QIIT). SNPAnalyzer (web-based software)
was used to examine Hardy—Weinberg equilibrium.
The difference in treatment efficacy between
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the two groups and the effect of genotype on
treatment efficacy were determined using
the Student’s t-test for parametric data (T)
and the Wilcoxon W-test for non-parametric
data (W). The dynamics of indicators in each
group before and after treatment were evaluated
using the Wilcoxon T-test (T-W). The results
were considered statistically significant at the
p<0.05 level.

Results of the research

All  participants completed the study.
Both groups did not differ in age, sex, duration
and severity of AD, level of total IgE (p>0.05;
Table).

In both groups of children, improvement
was observed 7 days after treatment (p<0.001).
In the Group A, the improvement in ASCORAD
was 16.6%£5.9 points (T-W=171.0, p<0.001).
The Group B also improved: ASCORAD
was 8.1+4.5 (T-W=171.0, p<0.001) (Fig. 1).
The difference in ASCORAD scores between
the Groups A and B was statistically significant
(W=225.0, p<0.001). Thus, in children
who received thyrothricin gel in addition to
therapy, the dynamics of the degree of severity
was significantly better. The decrease in the
CDLQI score after treatment was 3.8+1.8 points
in the Group A (T-W=171.0, p<0.001)
and 2.3+1.25 points in the Group B (T-W=190.0,
p<0.001). A significant decrease in the CDLQI
score was demonstrated in the intervention
group than in the control group after treatment
(W=275.5, p=0.004) (Fig. 2, Table 1).

After treatment, a skin culture study
demonstrated the eradication of §. aureus:
in the Group A 17 (94.4%) patients were S. aureus-
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Note: SCORAD — SCORIng for Atopic Dermatitis.
Fig. 1. Comparison of SCORAD indicators in the studied subgroups before
and after treatment (W=225.0, p<0.001)

negative, 1 (5.6%) patient had a positive culture
for S. aureus.

In order to determine the category of AD pa-
tients who may benefit most from the addition
of an antibacterial drug to standard therapy,
we investigated whether pattern recognition recep-
tor gene polymorphisms influenced treatment effi-
cacy. Analysis of the distribution of the rs4696480
polymorphism of the TLR2 gene among children
of the Group A showed that 4 (63.2%) children
had the AA genotype, 14 (36.8%) children had
the AT and TT variant. We compared ASCORAD
depending on the genotype and found no dif-
ferences in the two subgroups: in the subgroup
with the AA genotype, ASCORAD was 15.8+4.1 po-
ints; in the subgroup with genotype AA and TT —
16.8+6.4 points(T=0.84, p—0.413).

When studying thedistribution of thers7309123
polymorphism in the Dectin-1 gene among children
of the Group A, it was found that 3 (63.2%) children
had the GG genotype, 11 (36.8%) children had the
CC+C\G genotype. We compared ASCORAD de-
pending on the genotype and found no differenc-
es in the two subgroups: in the subgroup with the
GG genotype ASCORAD was 14.8+2.5 points;
in the subgroup with the CC+C\G genotype —
17+6.5 points (T=0.66, p=0.519). Thus, the thera-
peutic effect of tyrothricin as an additional therapy
for AD did not depend on the genotype of pattern
recognition receptor polymorphisms.

No adverse drug reactions or treatment side
effects were reported during the study.

Thereby, our study demonstrated -clinical
efficacy in terms of SCORAD and CDLQI scores.
It was demonstrated that in the Group A the
improvement of ASCORAD was 16.6+5.9 points
(T-W=171.0, p<0.001), in the Group B —
ASCORAD was 8.1+4.5 points (T-W=171.0,
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Note: CDLQI — children’s dermatology life quality index.
Fig. 2. Comparison of CDLQI indicators in the studied subgroups before and
after treatment (W=275.5, p=0.004)

p<0.001). Although there was improvement in
skin condition in both groups, the difference
in ASCORAD scores between the Groups A and B
was statistically significant (W=225.0, p<0.001).
The difference in CDLQI scores after treat-
ment was also statistically significant (W=275.5,
p=0.004). In addition to clinical effectiveness, the
bacteriological effectiveness of the drug was also
demonstrated: in the Group A, 17 (94.4%) patients
were S. aureus-negative as a result of treatment,
1(5.6%) patient had a positive culture for S. aureus.
Literature data on the effectiveness of thyrothricin
as an adjunctive therapy for AD are very limited.
There are data that have demonstrated the safe-
ty of this drug with regard to the development of
resistance to it by S. aureus: a ten-year experience
of using tyrothricin for the local treatment of in-
fected skin does not pose a great risk of acquir-
ing resistance of initially sensitive gram-positive
bacteria and yeast, even in the case of S. aureus,
including methicillin-resistant strains [7]. De-
scribed studies on the study of other antibacterial
measures and drugs — chlorine baths [3,4,5] anti-
biotics [1], bacteriophage endolysin [9], show con-
tradictory results.

Thus, it can be concluded that the effectiveness
of thyrothricin as an adjuvant therapy for AD lies
in the eradication of S. aureus, an important patho-
genetic factor of AD.

Conclusions

Therefore, this study showed that the addition
of thyrothricin to the standard therapy of AD in
children with Staphylococcus aureus infection
of affected skin could provide significant clinical
efficacy in terms of SCORAD and CDLQI scores.
The antibacterial and antifungal activity of thyro-
thricin combined with the lack of risk of develop-
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ing resistance makes the antimicrobial peptide an
important addition to the pathogenetic treatment
of infected skin lesions in children with AD.
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