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Summary

Background. Atopic dermatitis is one of the most common chronic inflammatory skin diseases. In atopic dermatitis,
the diversity of the normal microflora decreases, so that the number of S. aureus prevails and the number of bacteria
with antistaphylococcal activity decreases. The aim of this study was to evaluate the effectiveness of mupirocin 2%
cream in the treatment of atopic dermatitis in children as an additional therapy, and the effect of the rs4696480
polymorphism in the TLR2 gene on the effectiveness of the treatment.

Materials and methods. The study included patients with atopic dermatitis (n = 37), aged 1-18 years (7.9£4.9)
from the Department of Allergy at Kyiv City Children Clinical Hospital Ne2. All children included in the study with
atopic dermatitis had a positive S. aureus culture. Patients were randomized into two groups: a group receiving
mupirocin 2% cream on the affected skin areas 2 times a day 10 days (group A) and a control group (group B). Children
of the control group received only symptomatic therapy. The SCORAD score and CDLQI (children's dermatology life
quality index) questionnaire score was recorded before and after the treatment, side effects were recorded during the
study. Skin swab cultures were taken before and after treatment. Genotyping for TLR2 rs4696480 was performed by
using Real-time PCR.

This study was approved by the ethical committee of the O.Bogomolets National Medical University, all patients/
parents of the children gave an informed consent to participate.

Statistical processing of the obtained data was carried out using the statistical package IBM SPSS Statistics
Base (version 22) and the software EZR version 1.32 (graphical interface of the R environment (version 2.13.0). The
difference in the effectiveness of therapy between the two subgroups and the influence of genotype on the effectiveness
of therapy was determined using the Student criterion for parametric data (T) and Wilcoxon W-test for nonparametric
data (W). The dynamics of indicators in each group before and after treatment were evaluated using the Wilcoxon
T-test (T-W). Eeffectiveness of S. aureus eradication was estimated using the odds ratio (OR) with a 95% confidence
interval (CI). Results were considered statistically significant at the level of p < 0.05.

Results. In both groups of children, improvement was observed in 10 days after the treatment. In group A, the
improvement in ASCORAD was found to be 13.8 (T-W=190.0, p<0.001). In group B, there was also an improvement:
ASCORAD 8.5 (T-W=153.0, p<0.001). The difference in ASCORAD scores between groups A and B was statistically
significant (T=2.70, p=0.011). The decrease in CDLQI score after treatment was 31.3% in group A (T-W=190.0,
p<0.001), and 18.3% in group B (T-W=171.0, p<0.001). The difference between these two groups was not statistically
significant (W=334.0, p=0.409).

After the treatment, the skin culture showed that in group A, 57.9% of patients were S. aureus-negative, in group
B, only 22.2% of children had a negative culture (OR= 5.50, CI 1.32-22.86).

We compared ASCORAD depending on the genotype of the rs4696480 polymorphism in TLR2 gene and found no
difference in the two subgroups: In the subgroup with the AA genotype, ASCORAD was found to be 12.6+3.7; in the
subgroup with the TT genotype — 14.4£5.1 (T=0.84, p=0.413).

Conclusions. Our results demonstrate the effectiveness of the use of topical mupirocin in the treatment of atopic
dermatitis as an additional therapy.
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Background

Atopic dermatitis (AD) is one of the most common
chronic inflammatory skin diseases. In AD, the
diversity of the normal microflora decreases, so that
the number of S. aureus prevails and the number of
bacteria with antistaphylococcal activity decreases
[1,2,3]. Staphylococcus aureus (S. aureus) tends
to form molecules that have the potential to cause
inflammation and contribute to further disruption of
immune dysregulation. S. aureus is often shed from
the skin of AD patients during exacerbations. The
prevalence of S. aureus colonization of atopic skin
is > 70% in patients with active disease compared
to 10-20% of healthy carriers in the background
population [4,5]. S. aureus colonization contributes
to the exacerbation of the disease and is directly
correlated with the severity of the disease. S. aureus
may also be a contributing factor in the pathogenesis

of AD, as it contributes to the deterioration of skin
barrier function and increases inflammation.

Proteins such as adhesion factor B and fibronectin-
binding proteins promote the adhesion of S. aureus to
the stratum corneum. Staphylococcal protein A can
activate pro-inflammatory nuclear factor kappa B (NF-
kB) signalling through direct involvement of tumour
necrosis factor receptor 1 (TNFR1) [6,7]. Lipoprotein
and lipoteichoic acid induce TSLP in human
keratinocytes via Toll-like receptors (TLR) 2 and 6, and
phenol-soluble modulins also induce proinflammatory
cytokines in human keratinocytes [6,7].

The aim

The aim of this study was to evaluate the
effectiveness of mupirocin 2% cream in the treatment
of AD in children as an additional therapy, and the
effect of the rs4696480 polymorphism in the TLR2
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gene on the effectiveness of the treatment.

Materials and methods

The study included patients with AD (n = 37),
aged 1-18 years (7.9£4.9) from the Department of
Allergy at Kyiv City Children Clinical Hospital Ne2.
This study was approved by the ethical committee
of the O.Bogomolets National Medical University;
all patients/parents of the children gave an informed
consent to participate.

The diagnosis of AD was established according
to the criteria of Hanifin & Rajka, by the patient’s
history. Clinical parameters of patients included age,

gender, age of onset and severity of eczema, total
IgE. The severity of AD was assessed using SCORing
Atopic Dermatitis (SCORAD) index.

The inclusion criteria were the duration of AD for
more than 1 year; degree of severity on the SCORAD
scales of 10-60 points, positive S. aureus culture from
skin. Exclusion criteria were as follows: Treatment
with systemic corticosteroids within the past 4 weeks,
treatment with topical or systemic antibacterial
drugs of any other dermatological condition within
the past 4 weeks, severe systemic disease, or
malignancy. Table 1 presents demographic, clinical
and serological data.

Table 1
Demographic and clinical characteristics of patients at the beginning of the study
Parameters Group A Group B
Patients, n 18
Age, years, Me [Ql;QllI] 8 [5;13] 6 [3;9]
BoYS\GIRLS 10/9
AD duration, years, Me [Ql;Qlll] 7 [4;12] 5,5 [3;8]
SCORAD 55 [30;60] 56,5 [30;64]
cDLQl 10 [6;13] 11,5 [8;13]
Total IgE, IU\ml 312 [67;832] 211 [56;306]

SCORAD — SCORIng for Atopic Dermatitis, CDLQI — children's dermatology life quality index.

Patients were randomized into two groups: a
group receiving mupirocin 2% cream (group A) and
a control group (group B). Group A patients were
treated with mupirocin 2% cream (1 g of cream
contains 20 mg of mupirocin) on the affected skin
areas 2 times a day and the necessary symptomatic
agents. Children of the control group received only
symptomatic therapy. The treatment period was 10
days. The SCORAD score and CDLQI (children's
dermatology life quality index) questionnaire score
was recorded before and after the treatment, side
effects were recorded during the study.

Skin culture

Skin swabs were taken by wiping the skin with
a sterile cotton swab for 30 seconds on the flexural
(antecubital fossa) surface of the hand in the affected
area of skin in 37 children with AD before and
after the treatment. Blood agar and yolk-salt agar
were inoculated from the swab. The plates with the
material were incubated in a thermostat at 37 © C for
48 hours. For further study, colonies were selected,
which, according to the results of bacterioscopy, were
formed by Gr + cocci. These colonies were then tested
for catalase. Subsequent identification of catalase-
positive colonies was performed on a Vitek2compact
bacteriological analyser. Subjects were classified as
carriers if the cultures were positive, while those
with culture found to be negative were classified as
non-carriers.

DNA extraction

Buccal epithelium was taken by using buccal
brushes, followed by freezing of the samples and their
storage at -20°C. DNA for genotyping was extracted
from the samples by using NeoPrep 100 DNA
(Neogen, Ukraine) according to the manufacturer’s
protocol. The concentration of total DNA was
determined by using a NanoDrop spectrophotometer
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ND1000 (NanoDrop Technologies Inc., USA).

qPCR Genotyping

Amplification reactions were performed by
using a 7500 Fast Real-time PCR System (“Applied
Biosystems”, USA) in a final reaction volume
of 20 pl, which contained 2X TagMan Universal
Master Mix (“Thermo Scientific”, USA), assay
C 27994607 10 and the template DNA. The
thermal cycling conditions involved a denaturation
step at 95°C for the duration of 20 s, followed by 40
cycles of amplification at 95°C for 3 s and at 60°C
for 30 s. Analysis of the data was carried out with
7500 Fast Real-Time PCR Software.

Depending on the severity of AD, patients received
symptomatic therapy — topical betamethasone
dipropionate cream. Children in group B received
treatment only in the form of topical application of
an emollient and betamethasone dipropionate cream
(1 g of cream contains 0.64 mg of betamethasone
dipropionate) on the affected skin areas for 7-14 days.

Statistical analysis

Statistical processing of the obtained data
was carried out using the statistical package IBM
SPSS Statistics Base (version 22) and the software
EZR version 1.32 (graphical interface of the R
environment (version 2.13.0). The difference in the
effectiveness of therapy between the two subgroups
and the influence of genotype on the effectiveness of
therapy was determined using the Student criterion
for parametric data (T) and Wilcoxon W-test for
nonparametric data (W). The dynamics ofindicators in
each group before and after treatment were evaluated
using the Wilcoxon T-test (T-W). Eeffectiveness of
S. aureus eradication was estimated using the odds
ratio (OR) with a 95% confidence interval (CI).
Results were considered statistically significant at
the level of p < 0.05.
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Results and discussion

All participants completed the study. Both groups
were compared by age, gender, duration and severity
of the AD, and the level of total IgE (p > 0.05; table 1).

In both groups of children, improvement was
observed in 10 days after the treatment (p<0.001).
In group A, the improvement in ASCORAD was
found to be 13.8 (T-W=190.0, p<0.001). In group
B, there was also an improvement: ASCORAD was
8.5 (T-W=153.0, p<0.001) (Fig. 1). The difference
in ASCORAD scores between groups A and B
was statistically significant (T=2.70, p=0.011).
Therefore, children receiving mupirocin 2% cream in
addition to therapy had significantly better dynamics
of the severity score. The decrease in CDLQI score
after treatment was 31.3% in group A (T-W=190.0,

p<0.001), and 18.3% in group B (T-W=171.0,
p<0.001). Although group A showed a more
significant decrease in score CDLQI, the difference
between these two groups was not statistically
significant (W=334.0, p=0.409) (Fig. 2).

Patients with AD who had a positive S. aureus
culture were included in the study. After the treatment,
the skin culture showed that in group A, 11 patients
(57.9%) were S. aureus-negative, and 8 patients
still had positive S. aureus culture. In group B, only
4 (22.2%) children had a negative culture, and 14
were still positive (77.8 %). Therefore, eradication
of S. aureus was significant in the treatment group
(OR= 5.50, CI 1.32-22.86), p=0.02, although the
rather high culture-positive rate after treatment is
noteworthy.
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Fig. 1. Dynamics of the SCORAD score in groups A and B
SCORAD - SCORing for Atopic Dermatitis
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Fig. 2. Dynamics of the CDLQI score in groups A and B
CDLQI - children's dermatology life quality index
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The analysis of the distribution of the rs4696480
polymorphism in TLR2 gene among children in
group A showed that 12 children (63.2%) had the
AA genotype, 11 (36.8%) had the TT variant, and
there were no heterozygotes in this subgroup. We

compared ASCORAD depending on the genotype
and found no difference in the two subgroups: In
the subgroup with the AA genotype, ASCORAD was
found to be 12.6+3.7; in the subgroup with the TT
genotype — 14.4+5.1 (T=0.84, p=0.413) (see Fig. 3).
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Fig. 3. ASCORAD in subgroups of children depending
on the rs4696480 polymorphism in TLR2
SCORAD - SCORing for Atopic Dermatitis

No serious systemic side effects or adverse events
from treatment were reported during the study.

S. aureus is a major burden for individuals with
moderate-to-severe AD and a known inducer of
disease exacerbation. Antibacterial drugs, such as
mupirocin, can reduce the bacterial antigen load on
the skin in AD [8,4]. In this study, we demonstrated
the effectiveness of the use of mupirocin in a group
of children with AD, who had a positive culture of S.
aureus on the affected skin. We found a statistically
significant difference in the effectiveness of treatment
in the group of children, who received additional
mupirocin cream, compared to the group of children,
who received only standard therapy. Colonization
of S. aureus also decreased in the treatment group.
A study examining the resistance of S. aureus to
various antibacterial drugs demonstrated sufficient
resistance to ampicillin — 58.5%, lincomycin — 37.5%
and erythromycin — 31.0%, but not to mupirocin
(17.5%) and fusiic acid (15.5%) [9]. Recent studies
reveal increased resistance to mupirocin [10]. MRSA
(methicillin-resistant S. aureus) was more frequently
resistant than methicillin-susceptible S. aureus to
the other antibiotics, including ciprofloxacin [41%
(7/17) vs 2.6% (10/384); p<0.0001], erythromycin
[34% (8/23) vs 22% (114/507); p=0.17], clindamycin
[26% (6/23) vs 16.9% (85/504); p=0.39], and
mupirocin [14.3% (3/21) vs 6.7% (31/462); p=0.18]
[11]. Resistance to mupirocin is likely to be the cause
of the insufficiently high eradication rate.

Liu, Y. et al. classified AD patients as S. aureus-
predominant group and S. aureus-non-dominant
group and showed that the 2-week treatment with
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mupirocin leads to cutaneous microbial diversity
normalization in S. aureus-predominant group of
patients [12]. Yet, the authors noted that, as a result,
the decreased cutaneous microbial diversity was
observed, while the cutaneous lesions were recovered.
Since Pseudomonas fluorescens is the source of
mupirocin [13], to which other Pseudomonas species
are resistant [14], mupirocin may relatively or
absolutely select for these pathogens. The authors
conclude that application of antibiotics in these
patients may worsen their cutaneous microbial
dysbiosis, and, in case of very young patients, may
affect normal immunologic maturation [15].

The role of rs4696480 polymorphism in TLR2
in the development of AD was previously studied
by us. We found that the polymorphism rs4696480
contributed to a more severe AD phenotype, the
development of food sensitization and sensitization
to house dust mites [16], susceptibility to carriage
and S. aureus infection. Therefore, we hypothesized
that the minor genotype may in some way affect the
effectiveness of the treatment: The deterioration of
signal transmission from the pathogen may also lead
to a poor response to therapy. In this research, the
patients in group A, to a certain extent, gave the same
response to the antibacterial drug, and the response
did not depend on the genotype. But it should be
noted that the group was quite limited in size.

Conclusions

Our results demonstrate the effectiveness of
the use of mupirocin in the treatment of AD as an
additional therapy: Patients with AD, who received
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mupirocin cream 2% had significantly better
dynamics of the SCORAD indicator than children,
who received only the traditional therapy.

Prospects for further research

Despite the demonstrated good response to the
use of mupirocin, antibacterial therapy has a number
of drawbacks: There is still a risk of S. aureus
autoinfection in AD patients from nasal carriage;
the use of antibacterial therapy will continuously

contribute to the development of antibiotic resistance,
and may negatively affect the commensal flora of the
skin. Given these adverse effects, the search for new
interventions for the disrupted microbiome of AD-
affected skin is worth continuing.
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POJIb AHTUBAKTEPIAJBHOI TEPAIIi B IIKYBAHHI ATONIIYHOT O JAEPMATUTY ¥ NITER
0.B. Mo3upcoka

Hauionansuuii mequunuii yuiBepcureT imeni O.0. boromosbus
(m. KniB, Ykpaina)

Pe3ome

BeTyn. AtoniyHuil 1epMaTHT — OfiHE 3 HANNOIIMPEHIIIMX XPOHIYHUX 3aMaibHUX 3aXBOPIOBaHb WIKipH. [Ipu aTomiuHOMY JepMaTuTi
3MEHIIYEThCS PI3HOMAHITHICTh HOPMAJIBHOI MIKpO(IIOpH, BHACIIIOK YOTO IEpeBaXxkae S. aureus i 3MEHIIYEThCS KUIbKICTh OakTepit 3
aHTHCTa(1IOKOKOBOIO aKTHBHICTIO. METOI0 JaHOTO JIOCHIIKEHHS OylI0 OIIHUTH e(EeKTHBHICTh KpeMy MYIiporuHy 2% HpH JIiKyBaHHI
aTOTIYHOTO AEPMAaTHUTY y JITEH SIK J101aTKOBOT Teparii Ta BB noiiMopdizmy rs4696480 rena TLR2 Ha eeKTUBHICTD JIiKyBaHHS.

Martepiaau Ta MeToau. Y T0CIiUKeHHS OyiIH BKIIIOYEHI XBOPi Ha aTonivuHKi aepmatut (n = 37) Bikom 1-18 pokis (7.9£4.9) 3 anep-
ronorigHoro BigaineHHs KuiBcbkoi Michkoi uTA901 KiIiHIYHOT JlikapHi No2. Yei BKITIOUeHI B IOCTIKEHHS IITH 3 aTOMIYHUM JIEPMATHTOM
MaJli MO3UTHBHUMI nociB Ha S. aureus. [laumienTn Oynu paHZOMi30BaHi Ha JBi TPYIH: IPyIa, sika OTpUMYBaia MymipouuH 2% Kpem Ha
ypakeHi DIISHKY WKipy 2 pasu Ha JeHb 10 quiB (rpyna A) 1 koHTposbHa rpymna (rpyna b). JliTh KOHTpOIBHOT IpyIH OTPUMYBAIN JIHIIE
cumntomarnuny teparmito. Ominka SCORAD ta CDLQI (iHAEKC AKOCTI )KUTTS AITEH B 1€PMATOJIOTI]) peecTpyBaIuCs 0 1 MiCIis TiKyBaH-
Hs, 10014Hi ehekTH peecTpyBaaucs nij uac gocnimxenns. [kipai Maszku 6panu 1o i micns nikyBanHs. ['enotunyBanus TLR2 rs4696480
npoBozuIH 3a goromoroto [1JIP y peansromy gaci.

JlocmimpkeHHs cxBajeHo eTnaHnM KoMiTeroM HMY imeni O. boromorbIis; Bei mamienTn/0aTbku giteit 1amu iHhopMoBaHy 3Ty Ha y4acTh.

CrarucTnudy o6poOKy OTPUMaHUX JJAHUX IIPOBOAMIIH 32 JOIOMOroko crariucTryHoro nakety IBM SPSS Statistics Base (Bepcis 22)
Ta nporpamuoro 3abesneuenns EZR Bepcii 1.32 (rpadiunnii inTepdeiic cepenosuma R (Bepcis 2.13.0). Pisnung B epexTuBHOCTI Teparmii
MDK JIBOX HIATPYI Ta BIUIMB FCHOTHUITY HA €(EKTUBHICTH TEparii BU3HAYAIH 32 JOMOMOTOI0 KpuTepito CThIONCHTA Ui NapaMeTPpUIHHX
nanux (T) ta W-tecty Binkokcona s Henapamerpuynux ganux (W). JlnHaMiKy MOKa3HUKIB y KOXKHIH Ipymi f0 Ta micis JiKyBaHHS
owiHOBann 3a joromoroo T-tecty Binkokcona (T-W). EdexruBnicts epaaukanii S. aureus oriHoBanu 3a BigHomeHHsM maHciB (OR)
3 95% nosipunM inTepBanom (CI). Pe3yasTaTn BBaXkamucs CTAaTUCTUYHO 3HATyIUMH Ha piBHi p < 0,05.

Pesyabraru. B 060x rpynax niteit mokparuenHs crocrepiranocs yepes 10 quiB micis nikyBanns. Y rpyni A nokpamenas ASCORAD
cknano 13.8 6amis (T-W=190.0, p<0.001). V rpyni b Taxox BinOynocs nokpamenns: ASCORAD cranosuio 8.5 6anis (T-W=153.0,
p<0.001). Pizunm B nokazuukax ASCORAD mix rpynamu A Ta B Oyna craructinasno 3aauymoro (T=2.70, p=0.011). 3amwKkeHHs moKa3-
Huka CDLQI micns nmikyBanus cranosuio 31,3% y rpyni A (T-W=190.0, p<0.001), i 18.3% y rpyni B (T-W=171.0, p<0.001). Piznuns
MK [IUMU JIBOMa Tpyrnamu He Oyia cratucTudHo 3Hauymow (W=334.0, p=0.409).

[Ticnsa mikyBaHHS MIKipHUH MOCIB MOKa3aB, mo B Tpymi A 57.9% mnamienTiB Oynu S. aureus-HeraTUBHUMHY, y Tpymi B tineku 22.2%
niTelt Manu HeratuBHuit mocis (OR=5.50, CI 1.3222,86).

Mu nopiasutn ASCORAD 3anesxno Bix reHorumny noiaimMopdizmy rs4696480 B reni TLR2 i He BUsBUIM BiAMIHHOCTEH y IBOX ITiji-
rpynax: y miarpyii 3 reotuiom AA ASCORAD 6yno 12.6+3.7 6aniB; y miarpymi 3 renorunom TT — 14.4+5.1 (T=0.84, p=0.413).

BucHoBku. Haii pesysnbrati IeMOHCTPYIOTh €)eKTHBHICTh BUKOPHCTAHHS TOMIYHOTO MYTIiPOIMHY B JIIKYBaHHI aTONIYHOTO iepMa-
THUTY SIK JJOAAaTKOBOI Tepartii.

Kuaro4oBi ciioBa: myniponun; aromiurmii nepmatut; Staphylococcus aureus; mitu.
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