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The aim of this study was to evaluate changes in the
skin surface microbiome in patients with atopic der-
matitis during treatment. The effect of narrowband
ultraviolet B phototherapy was also studied to deter-
mine the influence of exposure to ultraviolet. A total
of 18 patients with atopic dermatitis were included
in the study. Patients were divided into 2 groups ba-
sed on treatment: 1 group treated with narrowband
ultraviolet B phototherapy and topical corticosteroid,
and the other group treated with topical corticosteroid
only. Skin swabs and high-throughput sequencing of
16S ribosomal RNA bacterial genes were performed
at 3 time-points. The microbial diversity of lesional
skin increased greatly after treatment. The proportion
of Staphylococcus aureus showed a significant posi-
tive correlation with eczema severity. In conclusion,
a drastic increase in microbial diversity and decrease
in S. aureus proportion were observed with eczema
treatment. Narrowband ultraviolet B treatment did not
exert additive effects on eczema improvement; how-
ever, it appeared to reduce the recurrence of eczema.
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he human microbiome consists of approximately

100 trillion microbial cells, which outnumber human
cells by 10 to 1. The human skin microbiome refers to
the entire communities of microbes, including bacte-
ria, fungi, viruses, and mites, that reside in and on the
human skin. Microbiomes influence the host immunity
and sometimes protect the host from colonization by
pathogenic organisms.

Several researchers have tried to identify the human
microbiome and have developed various techniques for
microbial characterization. Traditional culture-dependent
microbial characterization focuses on the species that
grow readily under standard culture conditions; thus, this
method is limited to identifying less than 1% of bacterial
species. However, the development of high-throughput
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SIGNIFICANCE

The human skin microbiome refers to the entire commu-
nities of microbes that reside in and on the human skin.
We observed the changes in skin microbiome in patients
with atopic dermatitis along with the treatment course. The
18 study participants were divided into two groups based
on treatment: narrowband ultraviolet B phototherapy and
topical corticosteroid group and topical corticosteroid only
group. In both groups, a drastic increase in microbial diver-
sity and decrease of Staphylococcus aureus proportion were
observed with eczema treatment. Narrowband ultraviolet B
treatment did not exert additive effects in eczema impro-
vement; however, it seemed to reduce eczema recurrence.

sequencing techniques and bioinformatics has facilitated
culture-independent and comprehensive identification of
the microbiome. Bacterial microbiome analysis takes ad-
vantage of the universal presence of small-subunit (16S)
ribosomal RNA gene in prokaryotes. The 16S rRNA
gene plays an essential role in microbial characterization
because it not only contains highly conserved regions,
which facilitates PCR, but also has hypervariable regions,
which can be used for phylogenetic categorization (1).
High-throughput sequencing has led to numerous fin-
dings concerning the human microbiome.

Atopic dermatitis (AD) is a chronic, relapsing inflam-
matory skin disease affecting 15-30% of children in
industrialized countries (2). Patients with AD experience
repetitive skin infection, and traditional culture-based
studies have revealed that Staphylococcus aureus plays
an important role in the pathogenesis of AD. Approx-
imately 80-100% of patients with AD have S. aureus
colonization, and the colonization density of S. aureus
is correlated with disease severity (3, 4). Using high-
throughput sequencing technologies, drastic changes in
skin microbiome in AD flare have been identified (5).
However, how the skin microbiome changes with treat-
ment and discontinuation of treatment in the lesional and
non-lesional skin of the same individuals needs further
study. Moreover, several patients with AD experience
seasonal aggravation of eczema, but the effect of ultra-
violet (UV) light on the skin microbiome remains poorly
identified. In this study, bacterial16S rRNA DNA sequen-
cing was performed on lesional and non-lesional skin in
patients with AD, before treatment, after treatment, and
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after discontinuation of treatment. Furthermore, the skin
microbiome of patients treated with topical corticosteroid
(TCS) only and those treated with narrowband ultraviolet
B (NBUVB) plus TCS was compared in order to investi-
gate the effect of exposure to UV.

METHODS
Study design

The study was designed to evaluate the skin surface microbiome of
lesional and non-lesional skin of patients with AD at 3 time-points
(before treatment, after 6 weeks of treatment, and after 3 weeks
of discontinuation of treatment). The patients were divided into
2 treatment groups: TCS and NBUVB+TCS. Changes in micro-
biome were compared between lesional and non-lesional skin in
different treatment groups at 3 different time-points.

This study was performed between November 2014 and Au-
gust 2015, from winter to summer, in Korea. The mean ambient
temperature was between —0.5°C (December 2014) and 25.2°C
(August 2015). The numbers of patients enrolled in the TCS and
NBUVB+TCS groups were kept similar by season, to minimize the
seasonal differences between the 2 groups. The study was appro-
ved by Institutional Review Board of Seoul National University
Bundang Hospital (IRB No. B-1310/222-004), and all subjects
gave written informed consent.

Subjects

A total of 18 subjects was recruited, of whom 11 completed the
study. Inclusion criteria for patients with AD were age 540 years,
moderate disease, presence of at least one eczema on the antecu-
bital or popliteal fossa, a score of >3 in the Three-Item Severity
Score (TISS) (6) at enrollment, and ability to tolerate >3 weeks
without topical corticosteroids. The diagnosis of AD was based
on the AD criteria of Hanifin & Rajka (7). Subjects who used
bleach baths or systemic or topical antibiotics or were exposed
to strong UV light within the past 4 weeks, who needed systemic
or topical antibiotics treatment, and who were treated with UV
phototherapy within the past 8 weeks were excluded. During the
study, the subjects who needed to switch treatment plan to syste-
mic corticosteroid, immunosuppressant, and systemic or topical
antibiotics due to aggravation were dropped out.

Treatment and evaluation

Of the 18 subjects, 13 and 5 subjects were randomly allocated to
the NBUVB+TCS and TCS groups, respectively. Randomization
was performed using random tables.

All subjects were instructed to continue with basic skin care,
including daily bathing and twice daily moisturizer use, throughout
the study period. They were prescribed moderate potency TCS
(methylprednisolone cream) and oral antihistamine. Patients were
instructed to use TCS on the lesional skin only. Any substance
containing antiseptics or antibiotics was not allowed.

NBUVB was performed 2-3 times a week for 6 weeks (12—18
treatments). The initial dose was 350-400 mJ/cm? and was gradu-
ally increased up to a maximum of 1,100 mJ/cm?. After 6 weeks
of treatment, both NBUVB phototherapy and TCS use were dis-
continued. One lesional skin on the antecubital fossa or popliteal
fossa was chosen as a lesional sampling site, and the non-lesional
volar forearm was chosen as a non-lesional sampling site. The
severity of the lesional sampling sites was evaluated using TISS,
and overall eczema severity was evaluated using Eczema Area and
Severity Index (EASI) (8) at week 0 (baseline), week 3, week 6
(end of treatment), and week 9 (3 weeks after discontinuation of
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treatment) by 2 dermatologists. Clinical photographs were taken at
every visit. The change in Shannon diversity was analysed along
with the treatment course. Shannon diversity is an ecological
measure of microbial communities that considers the richness and
evenness of bacterial types.

Sampling

Subjects were instructed to avoid bathing and applying topical
medication and moisturizer for 24 h at sampling sites prior to all
sampling procedures. Skin swabs were performed at the same
lesional and non-lesional skin sites at week 0, week 6 (end of
treatment) and week 9 (after 3 weeks of discontinuation of treat-
ment). Swab samples were obtained using an Easy Swab™ kit
(KOMED, Seongnam-si, Korea), frozen at —80°C, and processed
within one month.

DNA extraction and pyrosequencing

Genomic DNA was extracted using a FastDNA SPIN extrac-
tion kit (MP Biomedicals, Santa Ana, CA, USA), following
the manufacturer’s instruction. 16S rRNA gene fragments cor-
responding to the V1-V3 regions were amplified from the gDNA
using a previously described method (9, 10). DNA extraction and
sequencing were performed by ChunLab, Inc. (Seoul, Korea).

Data analysis

Data analysis was performed using a previously described method
(10). Raw sequence files were processed by demultiplexing, trim-
ming of primer sequence, quality filtering, sequencing of error
correction, taxonomic assignment, and detection of chimeras. Each
sample was identified by a unique barcode in the demultiplexing
step, and low-quality reads (mean quality score <25 or read length
<300 bp) were removed for further analysis. Pairwise sequence
alignment and the hmm-search program of the HMMER3.0 pack-
age (11) were used to trim primer sequences based on the profile
of the 16S rRNA V1-V3 regions. To correct sequencing errors,
representative sequences in clusters of trimmed sequences were
chosen and considered for taxonomy identification. Individual
reads were assigned their taxonomic positions according to the
highest pairwise similarity among the top 5 BLASTN hits against
the EzTaxon-e database (11). Chimera sequences were removed by
UCHIME (12). The read number in each sample was normalized
by random subsampling. The diversity indices and species richness
were calculated using 3 different methods: Cluster Database at
High Identity with Tolerance (CD-HIT), Taxonomy-Based Clus-
tering (TBC), and Taxonomy-Dependent Clustering (TDC)-TBC.
The compositions and proportions of bacterial species shared bet-
ween 2 samples or sets of multiple samples were calculated using
CLcommunity software (ChunLab, Inc., Korea). CLcommunity is
a software package designed for visualizing and analysing mas-
sive amounts of next-generation sequenced data to identify and
quantify species within a given microbial community. Similarity
coefficients of Bray—Curtis, Jaccard, and Sorensen abundance were
calculated using mothur (13), and the matrix of Fast UniFrac (14)
was generated using CLcommunity. Principal coordinate analyses
(PCoA) were used to represent the relationships between samples
using calculated similarity coefficients. The significance of dif-
ference among bacterial communities was calculated by Libshuff
analysis using mothur (13).

RESULTS

All 5 subjects in the TCS group completed the study.
However, only 6 out of 13 subjects in the NBUVB+TCS
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group finished the study. The 5 subjects in the 3 weeks of discontinuation of treatment, the mean TISS
NBUVB+TCS group were lost to follow-up. The other2  increased slightly; however, it was still significantly
subjects dropped out due to aggravation of symptoms and ~ lower than its baseline level. The mean EASI score,
consequent treatment change. No significant side-effects ~ which indicates severity of eczema on the whole body,
occurred in either group. The subjects who dropped out was 12.4+5.0 at week 0 and decreased significantly from
were excluded from data analysis. week 3 and continuously throughout the study (Fig. 1a).

Fig. 1b shows the mean composition of bacterial com-
munities obtained from lesional and non-lesional skin of
patients with AD during the course of treatment.

The proportion of the genus Staphylococcus, which
was >80% in baseline lesional skin, decreased drastically
Fig. 1a shows the changes in disease severity assessed by  after treatment (week 6) and increased slightly after dis-
TISS and EASI score. The mean TISS, which indicates  continuation of treatment (week 9). The proportion was
the severity of eczema at the lesional sampling sites,  much higher in lesional than in non-lesional skin, even
decreased significantly during treatment periods. After  after treatment. At the species level, the composition of

Differences in microbiome of lesional and non-lesional
skin and change in microbiome in lesional skin with
treatment
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Fig. 1. Changes in the severity score and skin microbiome inpatients with atopic dermatitis (AD). (@) Three-Item Severity Score (TISS) for
lesional skin where skin swabs were performed shows significant improvement. Although TISS slightly increased at week 9, which is after 3 weeks of
discontinuation of treatment, the difference in TISS at week 6 and week 9 was not significant. Eczema Area and Severity Index (EASI) showed significant
and continuous improvement of eczema. (b) The mean composition of bacterial communities obtained from lesional skin and non-lesional skin of AD.
Inner circle represents the mean relative abundance of 20 major phyla order in lesional and non-lesional skin. Phylum (inner circle) Firmicutes, where
Staphylococcus aureus belongs, comprised the largest proportion, especially in lesional skin at week 0. Outer circle represents the mean relative abundance
of genus order. The genus Staphylococcus was the most abundant species, and the proportion was the highest in week 0 in lesional skin. After 6 weeks
of treatment, the proportion of genus Staphylococcus decreased on lesional skin; at week 9, it slightly increased again, but remained lower than its
baseline level. (c) The mean relative abundance of 15 major species and Shannon diversity. The proportion of S. aureus was higher in lesional skin at
all time points (p=0.0014, Wilcoxon rank-sum test). Shannon diversity of lesional skin increased at week 6 and remained increased level at week 9,
and Shannon diversity of non-lesional skin was higher than that of lesional skin in all time-points. (d) The proportion of bacterial community drastically
changed in both lesional and non-lesional skin. **p <0.005 in McNemar test. LEO: lesion at week 0; LE6: lesion at week 6; LE9: lesion at week 9; NLO:
non-lesion at week 0; NL6: non-lesion at week 6; NL9: non-lesion at week 9.
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Fig. 2. Correlation of atopic dermatitis severity score and Staphylococcus aureus and Shannon diversity. (a) Correlation of Eczema Area
and Severity Index (EASI) and Three-Item Severity Score (TISS). EASI and TISS had good positive correlation, with a correlation coefficient of 0.76.
(b) Correlation between Shannon diversity and TISS in lesional skin. No significant correlation was observed between Shannon diversity and TISS. (c)
Correlation between S. aureus and TISS in lesional skin. TISS had a significant positive correlation with the proportion of S. aureus. (d, e) Correlation
between S. aureus and Shannon diversity. (d) In lesional skin, S. aureus and Shannon diversity had a significant negative correlation. (e) Similar
correlations were also confirmed in lesional and non-lesional skin combined analysis. LEO; lesion at week 0; LE6; lesion at week 6; LE9; lesion at week

9; LE and NLE; lesional and non-lesion at weeks 0, 6, and 9.

S. aureus by far exceeded other species in lesional skin,
consisting of a much higher proportion than that in non-
lesional skin (Fig. 1b). In baseline lesional skin, S. aureus
comprised 72.5% of the whole species and S. epidermidis
and S. caprae were the 2™ and 3™ most common species,
respectively. In non-lesional skin, Propionibacterium
acnes was the most common species, followed by S.
aureus and S. epidermidis. The proportion of S. aureus
on lesional and non-lesional skin was significantly dif-
ferent (p=0.0014), and the proportion was higher in
lesional skin at all time points, including week 6. The
proportion of S. epidermidis in baseline lesional skin
and non-lesional skin was 6.3% and 7.1%, respectively.

The Shannon diversity of lesional skin increased greatly
after treatment (week 6), but was still lower than that
of non-lesional skin. After discontinuation of treatment
(week 9), Shannon diversity was decreased slightly, but
was still much higher than its baseline level. Fig. 1d is
an example of microbiome change during treatment.
After treatment (week 6), a drastic decrease in the genus
Staphylococcus and an increase in microbial diversity
were observed in lesional skin.

Correlation of eczema severity, microbial diversity, and
proportion of S. aureus

TISS of lesional skin showed good positive correlation
with EASI score (r=0.76, p=4.8e-07, Fig. 2a), which

means that TISS can be used not only for evaluating se-
verity of specific lesions, but also as a good indicator of
eczema severity of the whole body, as reported in other
studies (6, 15). Shannon diversity showed only a weak
negative correlation with TISS (Fig. 2b). In contrast,
the proportion of S. aureus showed a good positive cor-
relation with TISS (r=0.5, p=0.003, Fig. 2¢). S. aureus
also correlated negatively with Shannon diversity in both
lesional and non-lesional skin (Fig. 2d, 2e).

Correlation of S. aureus and other species in lesional skin

To determine whether there is a correlation between
the proportion of S. aureus and the proportion of other
species, the correlation between the proportion of S.
aureus and 15 major species identified in the lesional
skin was evaluated. Four species, Haemophilus para-
influenzae, Streptococcus pseudopneumoniae, P. acnes,
and Corynebacterium pseudogenitalium showed signi-
ficant negative correlations with S. aureus (Fig. 3a—d).
C. pseudogenitalium also showed a significant negative
correlation with TISS (Fig. 3e).

Comparison between topical corticosteroid and narrow-
band ultraviolet B + topical corticosteroid treatment

The mean ages of the TCS and NBUVB+TCS groups
were 14.8+4.9 and 14.8 + 2.4 years, respectively. The mean
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Fig. 3. Correlation of Staphylococcus aureus and other skin commensals. (a-d )Among thel5 major species identified in lesional skin, Haemophilus
parainfluenzae, Streptococcus pseudopneumoniae, Propionibacterium acnes, and Corynebacterium pseudogenitalium showed significant negative correlation
with S. aureus. (e) C. pseudogenitalium also showed significant negative correlation with Three-Item Severity Score (TISS). EASI: Eczema Area and
Severity Index; LEO: lesion at week 0; LE6: lesion at week 6; LE9: lesion at week 9.
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Fig. 4. Comparison of topical corticosteroid treatment (TCS) vs narrowband UVB (NBUVB) phototherapy plus topical corticosteroid treatment
(NBUVB+TCS). Both groups showed significant improvement in (a) Three-Item Severity Score (TISS) and (b) Eczema Area and Severity Index (EASI)
scores during the treatment period. At week 9, which is after 3 weeks of discontinuation of treatment, the NBUVB+TCS group showed less aggravation
both in TISS and EASI score, but the difference between NBUVB+TCS and TCS groups was not significant. *p <0.05 in McNemar test, compared with week

0. LEO: lesion at week 0; LE6: lesion at week 6; LE9: lesion at week 9; NLO:

baseline TISS were 5.4+0.5 and 5.33 + 1.0 in the TCS and
NBUVB+TCS groups, respectively. The mean baseline
EASI scores of the TCS and NBUVB+TCS groups were
11.6+4.1 and 13.0+6.0, respectively. No significant differ-
ence was observed in age, TISS, and EASI score between
the 2 groups. As shown in Fig. 3, both groups showed sig-

non-lesion at week 0; NL6: non-lesion at week 6; NL9: non-lesion at week 9.

nificant improvement in the TISS and EASI score during
the treatment period (weeks 3 and 6). After discontinuation
of treatment, although the difference between the 2 groups
was not significant, the NBUVB+TCS group showed
continuous improvement of EASI, while the TCS group
exhibited slight aggravation of eczema (Fig. 4).
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proportion of S. aureus decreased more drastically in the TCS group. The
NBUVB+TCS group showed a large inter-individual difference. Interestingly,

the proportion of S. aureus decreased in non-lesional skin of the NBUVB+TCS group, and kept decreasing until week 9. (c) Skin microbiome of lesional
skin and non-lesional skin. The inner circle represents the mean relative abundance of 20 major phyla order in lesional and non-lesional skin. The outer
circle represents the mean relative abundance of genus order. Genus Staphylococcus was the most abundant species, and the proportion was the highest
in week 0 in lesional skin in both groups. The proportion of Staphylococcus decreased at week 6 in both groups as well as in lesional and non-lesional
skin. The decrease in the proportion of Staphylococcus was more distinct in the TCS group than in the NBUVB+TCS group. TISS: Three-Item Severity
Score; EASI: Eczema Area and Severity Index; LEO: lesion at week 0; LE6: lesion at week 6; LE9: lesion at week 9; NLO: non-lesion at week 0; NL6:
non-lesion at week 6; NL9: non-lesion at week 9.
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Fig. 5 shows the comparison of microbiota in the 2
groups. No significant difference was observed in Shan-
non diversity of the 2 groups (»p=0.388, Wilcoxon rank-
sum test). The proportion of S. aureus was significantly
different between the 2 groups (p<0.001, Wilcoxon
rank-sum test). In contrast to our expectations, the pro-
portion of S. aureus decreased more drastically in the
lesional skin of the TCS group. The NBUVB+TCS group
showed a large inter-individual difference. Interestingly,
the non-lesional skin of the NBUVB+TCS group showed
a continuous decrease in S. aureus composition, which
was not observed in the TCS group.

DISCUSSION

The skin microbiome of healthy human skin provides a
wide variety of environments, due to the heterogeneity
of various human skin surfaces. There are 3 major cate-
gories of habitat: sebaceous areas, such as the forehead,
retroauricular crease, and back; moist areas, such as
the axillae; and dry area, such as the forearm and legs.
Propionibacterium species dominate sebaceous areas,
while Staphylococcus and Corynebacterium species
dominate moist areas. Gram-negative organisms, which
were previously considered as a rare population in the
skin, were found in dry areas (16).

Staphylococcus and Corynebacterium are the main
species of healthy moist skin. In our study, genus Stap-
hylococcus comprised >80% of the baseline lesional
microbiome. The proportion of Corynebacterium was
below 1%, showing a dominance of Staphylococcus in le-
sional AD skin. Non-lesional skin samples were obtained
from the volar forearm, which is a dry area, where in the
healthy skin, the proportion of Staphylococcus is usually
below 10% (17). However, the proportion of Staphylo-
coccus on the non-lesional volar forearm observed in our
study was 28.5%, which was considerably higher than
in healthy skin, indicating that microbial characteristics
of non-lesional AD skin were completely different from
those of healthy skin.

At the genus level, S. aureus comprised >80% of the
whole microbiome in baseline lesional skin, and its pro-
portion decreased drastically with treatment. Our findings
of S. aureus dominance of lesional skin microbiota are
consistent with previous culture-based studies. S. aureus
colonization is observed in 80-100% of lesional skin, and
colonization density correlates with eczema severity. S.
aureus colonization rate and density in non-lesional skin
are significantly lower than those in lesional skin, but
still higher than those in healthy skin (3, 18, 19). Kong
et al. reported that the proportion of S. epidermidis was
higher in patients with AD and higher in those with active
disease, but our results showed that the proportion of S.
epidermidis was not significantly different between lesio-
nal and non-lesional skin and between before and after
treatment (5). Arecent 16S rRNA DNA sequencing study
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reported that a decrease in microbial diversity correlated
significantly with aggravation of eczema and increase in
S. aureus. In our study, the decrease in microbial diversity
showed only a weak correlation with eczema severity,
while the proportion of S. aureus had a robust correlation
with eczema severity. This suggests that the increase in S.
aureus is not a collateral phenomenon accompanied by a
decrease in microbial diversity, but it plays an important
role in the pathogenesis of eczema.

Corynebacterium thrives in moist environments, as
does Staphylococcus. Several studies have suggested
a potential role of Corynebacterium in development of
eczema (4, 20, 21).

However, in our study, Corynebacterium was less
frequent in lesional than in non-lesional skin, and the
proportion increased with improvement in eczema. Our
results showing that C. pseudogenitalium was the most
common Corynebacterium species and that the propor-
tion of C. pseudogenitalium had a significant negative
correlation with S. aureus and a strong negative corre-
lation with eczema severity suggest a protective role of
Corynebacterium species in AD. Further studies are ne-
cessary to investigate the role of Corynebacterium in AD.

In our study, NBUVB treatment did not show an ad-
ditive effect in lesional eczema improvement and in the
changes in lesional skin microbiome. Both TCS and
NBUVB+TCS groups did not show any difference in
EASI score change at week 6; the NBUVB+TCS group
did not show a better result at reducing S. aureus propor-
tion in lesional skin than the TCS group.

The high dropout rate of the NBUVB+TCS group
may influence the results. For NBUVB treatment, the
subjects had to visit the clinic twice weekly. Subjects
who experienced sufficient improvement in eczema may
have stopped NBUVB treatment, causing selection bias.
However, a statistically insignificant difference in the
disease severity between the 2 groups even after patient
drop-out in the NBUVB+TCS group supports the validity
of randomization in our study.

Although we could not find an additive effect
of NBUVB therapy in eczema improvement, the
NBUVB+TCS group showed a continuous decrease in
EASI score at week 9, which is 3 weeks after the last
treatment, while EASI score in the TCS group showed
an increasing tendency (Fig. 2a). Shannon diversity of
non-lesional skin in the NBUVB+TCS group increased
at week 6, while that of the TCS group remained similar
(Fig. 2b). This result may indicate the possible benefit of
NBUVB in reducing eczema recurrence and increasing
non-lesional microbial diversity.

The effect of NBUVB phototherapy in AD is well do-
cumented in various studies (22, 23), and some research
findings suggest its protective role in restoring dysbiosis
of AD skin. Previous studies have found that UV pho-
totherapy reduces S. aureus colonization in lesional AD
skin (24) and reduces toxin production of S. aureus (25).
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UV exposure also induces cathelicidin peptide LL-37
production in AD skin (26), an antimicrobial peptide
guarding skin from S. aureus. In our study, NBUVB-
treated subjects appeared to have less recurrence. Other
researchers also reported similar findings. In a British
study, paediatric patients with AD treated with NBUVB
phototherapy remained in a significantly improved state
compared with controls even at 6 months after photo-
therapy (23). This long-lasting effect of the treatment is
rarely observed in other treatment modalities. Among
various mechanisms, restoration of dysbiosis, which was
observed in non-lesional skin of patients in our study,
may have played a protective role.

This study found a large difference in microbial
communities between lesional and non-lesional skin
of AD. Lesional skin harboured a much higher propor-
tion of S. aureus and had less microbial diversity. With
the improvement in eczema, a drastic reduction in S.
aureus in lesional skin was observed. The proportion of
S. aureus showed better correlation with eczema seve-
rity than microbial diversity. NBUVB treatment failed
to exhibit additive effect in eczema improvement and
lesional microbial diversity; however, it appeared to
reduce recurrence of eczema and increase non-lesional
microbial diversity.
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