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Background: Colonization of Staphylococcus aureus is well known to be an aggravating factor for the flare-up of atopic
dermatitis (AD), yet few studies have been done on its spread in families with childhood AD.

Objective: To evaluate the characteristic features of skin-colonizing S aureus and to identify the source of S aureus in early
childhood AD.

Methods: Forty-four subjects with AD, 51 borderline (BD) subjects, and 36 normal controls (NC) aged 3—6 years and their
mothers were recruited from four different kindergartens. After comparing the positive culture rate of § aureus in three different
groups of children and their mothers, we determined if there is a possibility of intrafamilial transmission between the children
with AD and their mothers using polymerase chain reaction and pulsed-field gel electrophoresis.

Results: A high prevalence (72.7%) of S aureus colonization was found in the AD group compared with the BD and NC
groups. However, the prevalence rate of S aureus in the mothers who had children with AD was not significantly higher than
in the mothers from the BD and NC groups. Based on the pulsed-field gel electrophoresis results, the cutaneous re-colonization
of § aureus in childhood AD appears to have been primarily originating from the patients’ noses, and maternal origin does not
appear to substantially contribute to S aureus transmission in early childhood AD.

Conclusions: Since the cutaneous colonization of S aureus in early childhood AD predominantly originated from the patients’
own noses, the maternal transmission route does not appear to contribute substantially to the colonization of S aureus in early

childhood AD.

INTRODUCTION

The colonization of Staphylococcus aureus is one of the most
common aggravating factors of atopic dermatitis (AD) in
both lesional and, to a lesser extent, nonlesional skin. The
importance of § aureus in AD and a positive correlation
between colonization with S aureus and clinical severity and
skin barrier function has been demonstrated. Many studies
have been done on the characteristics of S aureus in AD
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patients, but studies on intrafamilial S aureus colonization,
especially in childhood AD, and its spread within a family are
lacking. Therefore after comparing the positive culture rate of
S aureus in AD, normal control (NC), and borderline (BD)
children, this study examined the distribution of toxin genes
and super-antigenic exotoxins from S aureus colonized on the
skin of the participants and determined whether there was a
possibility of intrafamilial transmission between children
with AD and their mothers by using polymerase chain reac-
tion (PCR) and pulsed-field gel electrophoresis (PFGE).

METHODS

Subjects and Study Design

A total of 733 children aged 3 to 6 years who were attending
4 different kindergartens in Daegu, South Korea, were sur-
veyed by questionnaire in May 2009 and underwent a phys-
ical examination over a 1-month period from June to July
2009. Atopic dermatitis was diagnosed according to the di-
agnostic criteria of Hanifin and Rajka. Severity of AD was
assessed by a single investigator using the Eczema Area and
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Figure 1. Flowchart of the study design and participation proportions. AD,
atopic dermatitis, BD, borderline, NC, normal control, S aureus, PCR,
polymerase chain reaction, PFGE, pulsed-field gel electrophoresis.

Severity Index (EASI). On the basis of clinical severity,
children were classified into 3 groups, AD, BD, and NC, and
were included for further bacteriological examination. The
clinical criteria for BD were subjects whose symptoms were
insufficient for a diagnosis of AD but who had an eczematous
skin lesion plus at least one or more major or minor features
of AD. Healthy volunteers without a personal or family
history of AD or of any other skin or allergic diseases were
allocated to the NC group. The healthy mothers of all subjects
were also included in the investigation. Any child or mother
with a recent inpatient hospital admission history or who had
received antibiotics or immunosuppressive treatment via any
route within 4 weeks before the study was excluded. Volun-
tary informed consent in written form was obtained from all
the participants’ legal guardians, and all the study protocols
were reviewed and authorized by Kyungpook National Uni-
versity Hospital institutional review board. Figure 1 summa-
rizes the selection process and the design of the study.

Sample Collection
For AD and BD subjects, samples were obtained from 5 areas (2
lesional skin areas including the flexural aspects of the limbs,

nonlesional skin, subungual regions, and anterior nares),
whereas for all the NC participants and all the mothers, 3 areas
(nonlesional skin, including the flexural aspects of the upper
limbs, subungual spaces, and anterior nares) were collected. All
the samples were taken on the day of the diagnosis with a sterile
cotton-tipped swab stick moistened with sterile water.

Laboratory Analysis of S aureus Isolates

Isolation of S aureus. Bacterial cultures were grown using
standard laboratory techniques. Colonies that grew on blood
agar plates for 24hours at 37 were tested for coagulase activity.

The number of colony-forming units (CFU) of S aureus were
classified into 4 categories (no growth: 0 = CFU/10 cm?; few:
0 < CFU/10 cm? < 10; moderate: 10 = CFU/10 cm? < 1,000;
many: 1,000 = CFU/10 cm?). The identity and methicillin
resistance of S aureus were confirmed via PCR using primers for
the nuc and mec A genes, as previously described.!

Toxin gene detection in S aureus. Multiplex PCR was done
to identify the presence of the following staphylococcal toxin
genes carried by S aureus strains: staphylococcal enterotoxin
(se) a, seb, sec, sed, see, exfoliative toxin (er) a, etb, and toxic
shock syndrome-like toxin (tsst)-1.

Genotyping of S aureus. To investigate the possibility of
intrafamilial transmission, isolated strains were typed by
PFGE. Chromosomal DNA was digested with Smal and
electrophoresed using program 2 of the GenePath system
(Bio-Rad Laboratories Inc, Hercules, California), as previ-
ously described.? Isolates showing 6 or fewer band differ-
ences by PFGE were viewed as the same group of pulsotype.?
Similarities between all pairs were assessed using Dice cor-
relation coefficients, and the unweighted pair group cluster-
ing method was used to construct a dendrogram.

Statistical Analysis

To analyze the frequency of the differences, dichotomous
variables were examined using the x* Independence Test in
SPSS windows version 17.0. Statistical significance was ac-
cepted for P values less than .05.

RESULTS

Classification of Participants and the Assessment of

AD Severity

Of the children recruited from 4 different kindergartens, 44
were classified as AD and 51 as BD. In addition, 36 healthy

Table I. Frequency of S aureus Colonization in Children According to Body Location

AD (n = 44) BD (n = 51) NC (n = 36) P value?

Skin 27 (61.4%) 9(17.6%) 5(13.9%)
Lesions 18 (40.9%) 4 (7.8%) — <.0001
No lesions 9 (20.5%) 2 (3.9%) 1(2.8%) .0047
Subungual spaces 17 (38.6%) 5(9.8%) 4 (11.1%) .0013
Anterior nares 20 (45.5%) 14 (27.5%) 7 (19.4%) .0111
Total colonization frequency 32 (72.7%) 17 (33.3%) 10 (27.8%) <.0001

2 ¥? independence test using SPSS Windows version 17.0 (SPSS Inc, Chicago, lllinois).
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Table 2. Frequency of S aureus Colonization in Mothers According to Body Location

AD (n = 44) BD (n = 51) NC (n = 36) P value?®
Skin 11 (25.0%) 11 (21.6%) 13 (36.1%)
No lesions 4(9.1%) 2 (3.9%) 1(2.8%) .1996
Subungual spaces 10 (22.7%) 9(17.6%) 12 (33.3%) .3043
Anterior nares 10 (22.7%) 8 (15.7%) 6 (16.6%) 4625
Total colonization frequency 16 (36.4%) 18 (35.3%) 17 (47.2%) .3548

@ Chi-square independence test using SPSS Windows version 17.0.

children were recruited as NC to undergo further bacterio-
logical examination. The EASI score in AD children esti-
mated by a single dermatologist was 4.5. Most AD children
(34/44, 77.3%) had remarkably low EASI scores (<5).

Colonization of S aureus

Colonization rates in children. The results for the coloni-
zation of S aureus by the different groups are shown in Table
1. Overall, 32 (72.7%) of the 44 AD children retained S
aureus on either the skin or anterior nares, whereas BD
children (17/51, 33.3%) and NC children (10/36, 27.8%) had
much lower colonization rates (P < .0001). Eczematous
lesions (AD, 40.9%; BD, 7.8%) were more frequent in S
aureus retaining areas than in nonretaining areas (AD, 20.5%;
BD, 3.9%) in AD and BD patients (P < .0001). AD children
showed a higher percentage of S aureus positivity than BD or
NC children on lesions (P < .0001) and nonlesions (P <
.0047). The prevalence of S aureus in the subungual regions
was 38.6% in AD children, 9.8% in BD children, and 11.1%
in the healthy controls (P = 0.0013). The colonization rate of
S aureus in the anterior nares was 45.5% in AD children,
which was higher than in the other groups (BD, 27.5%; NC,
19.4%; P = .0111).

Colonization rates in mothers. Sixteen of the 44 (36.4%)
mothers with AD children were positive for S aureus, 18 of
the 51 (35.3%) mothers with BD children, and 17 of the 36
(47.2%) mothers with NC children (P = .3548). No signifi-
cant differences in the cutaneous culture rates were found
among the mothers in the three groups (P = .1996). Further-
more, no significant differences were found between the
mothers in terms of the subungual culture rates (P = .3043)
and nasal carriage (P = .4625) (Table 2).

Quantification of cultured S aureus in children. The num-
ber of CFU/cm? observed in the AD children was higher than
that in the children of the other two groups (Table 3). In

the AD children, 31.8% of the lesional skin swabs resulted in
the formation of “many” CFU, of which 2.3% were from the
nonlesional skin, 9.1% from the subungual spaces, and 22.7%
from the anterior nares. In the BD group, only 2.3% of the
lesional skin swabs resulted in “many” CFU, of which none
were from the nonlesional skin, 2.0% from the subungual
spaces, and 11.8% from the anterior nares. In the NC group, no
nonlesional skin or subungual space swab resulted in “many”
CFU, and only 11.1% showed “many” from the anterior nares.
Identification of methicillin resistance in S aureus. Of the
44 enrolled children with AD, 4.5% (n = 2) of the children
and 11.4% (n 5) of their mothers were colonized by
methicillin-resistant S aureus (MRSA) on either the skin or
the anterior nares (Table 4). They did not have a protracted
history of eczema. Both groups, the children and their mothers, of
the colonized patients had not received multiple or long-term course
of corticosteroids or antibiotics of any kind. In addition, the wors-
ening of the skin lesions had never progressed to the extent that it
required hospitalization. The differences in the MRSA colonization
rates in the BD children and their mothers (5.9% and 3.9%) and in
the NC children and their mothers (8.3% and 5.6%) were insignif-
icant compared with those of the AD children and their mothers
(4.5% and 11.4%) (P = 4857 and P = .2395, respectively).

Distribution of Toxin Genes Carried by S aureus

Toxigenic S aureus strains were found more frequently in the
AD children than in the BD and NC children (Table 5) (P =
.0018). Of the 44 AD children, 22 (50.0%) were found to have
a toxin gene. Conversely, staphylococcal toxin genes were found
in 17 of the 51 BD children (33.3%) and in 6 of the 36 NC
children (16.7%). The detection rates for staphylococcal toxin
genes in the mothers of children from each group were similar
(P = .9642). Of all the staphylococcal strains found in all
children, the most frequent virulence factor was sea (P = .0012)
(Table 6), which was identified in 69.9% of the strains from the

Table 3. Quantitative Comparison of S aureus Colonization Between the Three Study Groups

Lesional skin

Non-lesional skin

Subungual spaces Anterior nares

AD BD NC AD BD NC AD BD NC AD BD NC
No growth 23(52.3) 23(45.1) —  385(79.5) 49(96.1) 35(97.2) 27 (61.4) 46(90.2) 32(88.9) 24 (54.5) 37 (72.5) 29 (80.6)
Few 5(11.4) 3(5.9) — 6(136) 2(39 000 9205 4(78 3@83 7(159 5.8 2(5.6)
Moderate  0(0.0)  0(0.0) — 2145 000 128 491 000 128 368 369 1(2.8)
Many 14(31.8) 1(2.3) — 123 0.0 0(0.0 41 120 000 100227 6118 4(11.1)

Total number of AD = 44, BD = 51, NC = 36. The data are presented as number of patients with percentages given in parentheses.
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Table 4. Prevalence of Methicillin-Resistant S aureus in All Subjects

Children Mothers
AD(n=44) BD(n=51 NC(n=236) Pvaluee AD(n=44) BD(n=51) NC(n=236) P value?
Skin 2 (4.5%) 2 (3.9%) 2 (5.6%) 4(9.1%) 1(2.0%) 2 (5.6%)
Lesions 2 (4.5%) 1(2.0%) — — - —
No lesions 1(2.3%) 0 (0%) 0 (0%) 3(6.8%) 0(0%) 0(0%)
Subungual spaces 1(2.3%) 2 (3.9%) 2 (5.6%) 2 (4.5%) 1(2.0%) 2 (5.6%)
Anterior nares 1(2.3%) 3 (5.9%) 2 (5.6%) 3 (6.8%) 2 (3.9%) 1(2.8%)
Total colonization frequency 2 (4.5%) 3 (5.9%) 3(8.3%) .4857 5(11.4%) 2 (3.9%) 2 (5.6%) .2395
a x? independence test using SPSS Windows version 17.0.
AD children, in 80.8% of the strains from the BD children, and DISCUSSION

in 66.7% of the strains in the NC children. Among the combi-
nations of toxin genes, sea alone (46.6%) and sea in combina-
tion with tsst-1 (16.4%) were the major patterns in the AD
group. The seb and see were not detected in this study.

Determination of Whether Intrafamilial Transmission
of S aureus Isolates Occurs
Seventeen pairs of staphylococcal isolates were obtained for
detailed analysis based on the PFGE pattern. They comprised 10
AD or BD children with a positive result for S aureus on both on
skin and nose, 4 children with cutaneous positivity and their
mothers with nasal positivity, and 3 children having S aureus on
their skin and nose and their mothers with nasal positivity.
Analysis of the isolates from the children’s skin and noses.
All 10 pairs of isolates obtained from the children’s skin and
noses were characterized in a dendrogram in Figure 2. From
the analysis, 9 of 10 (90.0%) pairs of the isolates had the
same PFGE patterns. Only strains from one of the partici-
pants (subject 3) were not identical in their PFGE patterns.
Analysis of the isolates from the children’s skin and their
mothers’ noses. All 4 pairs of isolates obtained from the chil-
dren’s skin and their mothers’ noses were characterized using a
dendrogram (Fig 3). From the analysis, 1 of 4 (25.0%) pairs of
the isolates had the same PFGE pattern (strains from subject 14).
Analysis of the isolates from children’s skin and noses and
their mothers’ noses. All 3 pairs of isolates were characterized
using a dendrogram (Fig 4). From the analysis, 2 of 3 (66.7%)
pairs of the isolates had the same PFGE patterns (strains from
subjects 15 and 17). However, isolated strains from the skin and
nares of subject 16 also had identical PFGE patterns.

Recent understanding of the complex interaction between
gram positive bacterium and skin inflammation has led to the
realization that S aureus is an important factor that triggers
AD.* However, the source of the S aureus strains colonizing
atopic skin has not been fully determined. One possibility is
that they are acquired by contact. Thus, in preschool children
with AD, the source of S aureus should be confined to just
family members, especially mothers. Although a recent report
contended that the anterior nares may be a reservoir of S
aureus,’ this study undertook further investigation by exam-
ining the characteristic features of S aureus isolated from AD
children and their mothers to determine whether intrafamilial
transmission is another source of S aureus.

In this study and previous studies, a higher prevalence
(32/44, 72.7%) of S aureus colonization among the AD
children was found than among the BD (17/51, 33.3%) and
NC (10/36, 27.8%) children (Table 1). This overall preva-
lence rate included cutaneous carriages as well as carriages in
the subungual regions and anterior nares.

The general population of healthy individuals has a con-
siderable prevalence rate of S aureus on the epithelial surface,
and the anterior nares are considered the most frequent car-
riage site.® Persistent nasal carriage is known to be present in
up to 35% of normal adults.” Furthermore, in adult AD
patients, the anterior nares are known to act as an important
endogenous reservoir, with a colonization prevalence of 39 to
82%.5 Lebon et al® showed that a high prevalence of S aureus
nasal colonization at 6 months of age was associated with the
occurrence of AD during the first and second years of life.

Table 5. Detection Rate of Staphylococcal Toxin Genes in the Isolated Strains

Children Mothers
AD (n=44) BD(n =51 NC(n=236) Pvalue* AD(n=44) BD(n=51) NC(n=236) P value*

Skin 19 (43.2%) 8 (15.7%) 3(8.3%) 8(18.2%) 8 (15.7%) 7 (19.4%)

Lesions 13 (29.5%) 4 (7.8%) — —_ — —

No lesions 7 (15.9%) 1(2.0%) 1(2.8%) 4(9.1%) 2 (3.9%) 1(2.8%)

Subungual spaces 12 (27.3%) 4 (7.8%) 2 (5.6%) 7 (15.9%) 8 (15.7%) 6 (16.7%)
Anterior nares 14 (31.8%) 14 (27.5%) 5(13.9%) 6 (13.6%) 4 (7.8%) 2 (5.6%)
Total colonization frequency 22 (50.0%) 17 (33.3%) 6 (16.7%) .0018 10 (22.7%) 12 (23.5%) 8 (22.2%) .9642

* x? independence test using SPSS Windows version 17.0.
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Table 6. Virulence Factor Profiling and Isolated Patterns of
Staphylococcal Toxin Genes

Staphylococcal toxin

0, 0, 0,
genes AD (%) BD (%) NC (%)
sea 51 (69.9) 21 (80.8) 8 (66.7)
sea only 34 (46.6) 14 (53.8) 6 (50.0)
sea, sec 5(6.8) 0(0) 0(0)
sea, tsst-1 12 (16.4) 7 (26.9) 1(8.3)
sea, sed, tsst-1 0(0) 0(0) 1(8.3)
tsst-1 only 0(0) 3(11.5) 0(0)
Total number of isolated 73 26 12
strains

This study also showed that nasal colonization by S aureus
had a potentially pathophysiological role in the development
of AD. In the current study, the intranasal colonization of S
aureus was observed in 20 (45.5%) of the AD children, which
was significantly higher than in the BD (14/51, 27.5%) and
NC (7/36, 19.4%) children (P = .0111). These isolate rates
agree with previous cutaneous S aureus isolate results. Be-
cause of the tendency of AD patients to scratch, Nishijima et
al® asserted that the subungual spaces of the hands are also an
important reservoir of S aureus in AD. Similarly, the results
of this study showed that the subungual spaces in the AD
children harbored significantly more S aureus than in the BD
and NC children (P = .0013). Therefore, like the previous

Percentage of similarity

=] o o
s B B R 8 2
wi e T e e e s

reports,®? these findings stress the importance of both the
nares and subungual spaces as the preferential location for S
aureus, and thus, these areas should be included for anti-
staphylococcal therapeutic strategies.

Many previous studies have shown that the cutaneous
colonization of S aureus correlates significantly with AD
severity,'®'! and the results of this study confirmed this
because the cutaneous infection rate for AD (61.4%) was
higher than that of BD (17.6%). In addition, the cutaneous
colonization rate in the current study was substantially lower
than in previous reports, in which the prevalence of S aureus
colonization was found to be 80& to 100%.° This could be
attributable to the selection criteria used in the current study
(mild clinical severity in AD subjects).

The density of S aureus on AD lesions has been shown to
be correlated with the severity of the dermatitis.'?> Staphylo-
coccal colonization density is significantly lower in healthy
individuals than in patients with AD, and bacterial counts on
unaffected skin areas are lower than on affected skin areas.'?
Similarly, quantitative comparisons between the BD and NC
groups and the AD group in the current study showed a signif-
icantly higher density of colonization by S aureus on both the
skin and in the anterior nares in AD children (Table 3).

Meanwhile, in the mothers of the AD children (Table 2),
the prevalence rates of S aureus colonization from both the
skin and anterior nares were not significantly higher than in

8 Multiple-locus VNTR fingerprinting bands  subject No (cluster site)

subject 1 (skin)

subject 1 (nare)
subject 2 (skin)
subject 2 (nare)
subject 3 (skin)
subject 4 (skin)
subject 4 (nare)
subject 5 (skin)

subject 5 (nare)

subject 6 (skin)
subject 6 (nare)
subject 7 (skin)

subject 7 (nare)

subject 3 (nare)
subject 8 (skin)
subject 8 (nare)
subject 9 (skin)
subject 9 (nare)
subject 10 (skin)

subject 10 (nare)

Figure 2. Dendrogram showing the results of the cluster analysis of Smal-generated PFGE patterns from S aureus isolated from the skin and noses of 10 AD children.
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subject 11’s mother (nare)
subject 12 (skin)
subject 13 (skin)
subject 11 (skin)
subject 14 (skin)
subject 14's mother (nare)
| subject 12's mother (nare)

. subject 13's mother (nare)

Figure 3. Dendrogram showing the results of the cluster analysis of Smal-generated PFGE patterns from S aureus isolated from 4 children’s skin and their mothers’ noses.

the mothers of the BD and NC children (P = .3548). This is
contrary to the assertion made by Bonness et al,'* who re-
ported a 48% prevalence of S aureus colonization among
parents of colonized AD children and contradicts the report
by Chiu et al,'” which showed a high prevalence of S aureus
nasal colonization (46%) and a high concordance of S aureus
isolate indices with patients and their close contacts (81% of
the isolates were identical or closely related by molecular
typing). Therefore, based on the results of the current study,
and contrary to previous reports, the prevalence of cutaneous
colonization of S aureus in the healthy close contacts of
atopic children may not be higher, despite the closeness of the
relationship. This study, however, did not take into account
simple explanations for this phenomenon such as better hy-
giene or current use of antibacterial soaps by the mothers.
This relatively low prevalence rate among healthy close con-
tacts may be attributable to an intact barrier function to
protect against cutaneous infections. Besides, transmission of
S aureus among healthy family members from a child with
AD may be dependent on the severity of AD.

Percentage of similarity
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The prevalence of MRSA isolates among atopic patients is
increasing, and this is now posing a significant problem in
terms of treatment.'® However, AD children and their mothers
in the current study were no more likely to be colonized by
MRSA than the BD and NC children and their mothers. This
may be attributable to the comparatively mild clinical sever-
ity and shorter disease duration, because the occurrence of
MRSA in AD appears to be associated with disease severity
and chronicity.!” Although information is lacking in terms of
differentiating community-acquired and hospital-acquired
MRSA, the data indicate that MRSA isolation is not uncom-
mon even in childhood AD (Table 4). Evidence of MRSA
colonizing patients with no previous hospitalization history
indicates that physicians should consider carefully the impli-
cations of a higher prevalence of MRSA in the community.

Previous studies have shown that 30% to 60% of S aureus
strains isolated from AD patients secrete staphylococcal en-
terotoxins and toxic shock syndrome toxin-1, both of which
have superantigenic properties.'® Consistently, the current

Multiple-locus VNTR fingerprinting bands  sypject No (cluster site)

" subject 15 (skin)
{

| I subjet 15 (nare)

( subject 16’s mother (nare)
subject 16 (skin)

subject 16 (nare)

subject 17 (skin)

subject 17 (nare)

f subject 17°s mother (nare)

Figure 4. Dendrogram showing the results of the cluster analysis of Smal-generated PFGE patterns from S aureus isolated from 3 children’s skin and noses,

and their mothers’ noses.
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study showed a positive prevalence rate of superantigen-
producing S aureus in children with AD (Table 5), and this
was significantly higher than in the other groups (P = .0018).
However, the mechanism of increased colonization by supe-
rantigen-producing S aureus in AD patients has not been
thoroughly examined. Some studies suggest that the use of
steroids or T cell immunosuppressive agents, such as tacroli-
mus, and cyclosporine A to manage AD, will ultimately result
in the selection of S aureus strains with greater ability to
produce diverse types and amounts of superantigens.'” How-
ever, it was interesting to find that the sea gene was the most
prominent superantigenic exotoxin carried by S aureus in all
three groups (Table 6; P = .0012). This is in agreement with
the findings of a previous study in which the sea gene was
predominantly found in adolescents and adults with AD.?°

In the current study, cultured isolates were examined for
genotypic composition by PFGE to determine whether trans-
mission of S aureus isolates between children and their moth-
ers had taken place. The PFGE results (Figs 2 and 4) showed
that 12 of the 13 (92.3%) AD and BD subjects who had S
aureus in both nose and skin swabs were in complete con-
cordance in terms of the genotypes of the strains (subjects 1,
2, 4 through 10, 15 through 17), indicating the occurrence of
transmission between children’s noses and skin. These find-
ings suggest that the nasal carriage might be an important
reservoir for self-contamination or for recolonization in pa-
tients with AD and BD. Conversely, homogenous S aureus
strains between mothers’ nares and the children’s nares or
skin (Figs 3 and 4) were found in only 3 of the 7 (42.9%)
sample sets (subjects 14, 15, and 17). These results suggest
that the possibility of S aureus transmission in early child-
hood AD is of concern to not only mothers but also other
individuals in close contact. Therefore, although the initial S
aureus infection in AD may be the result of maternal contact
in infancy, the origins of S aureus may gradually change from
the mother to other personal contacts after initial acquisition.
Thus, a detailed evaluation of all family members and of the
lifestyle factors of these children is necessary in future studies
to determine the definitive source of S aureus.
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