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Summary

Background Staphylococcus aureus in atopic skin has been associated with exacerbation
of eczema.
Objectives To investigate a possible association between neonatal colonization
with S. aureus and the risk of atopic dermatitis (AD) during the first 3 years of
life.
Materials and methods The study participants were 356 children born of mothers
with asthma from the Copenhagen Prospective Study on Asthma in Childhood.
Swabs from the vestibulum nasi and the perineum were cultured at 1 month and
1 year, from acute eczema, and from parents (vestibulum nasi and pharynx). AD
development and severity were monitored prospectively.
Results Of the neonates, 5Æ3% had positive swabs for S. aureus cultured from
the vestibulum nasi (51Æ3%) and ⁄or the perineum (11Æ3%). Forty-two per
cent developed AD, but without association between colonization with S. aureus
at 1 month of age and risk of developing AD at 3 years of age. There was a
70% concordance for S. aureus carriage between neonates and parents. At
1 year of age 11Æ3% children had swabs positive for S. aureus. Fourteen per
cent of children tested at the 1-year visit developed AD after the visit
but before 3 years of age, but again, there was no association between
colonization with S. aureus and the risk of AD. In children seen at acute
visits the severity of AD measured by scoring of atopic dermatitis (SCORAD)
was significantly higher in children with a positive culture for S. aureus in
lesions.
Conclusions Colonization with S. aureus at 1 month of age is not associated with an
increased risk of developing AD during the first 3 years of life.

Staphylococcus aureus is known as an aggravating factor for atopic

dermatitis (AD). In patients with AD up to 80–100% of acute

lesions are colonized with S. aureus1,2 and the presence of

S. aureus is often associated with an exacerbation of the eczema.

A correlation between the severity of the eczema and the colo-

nization with S. aureus has been reported3–5 and studies have

suggested a beneficial effect of antibiotics, especially in

patients with moderate to severe eczema.6,7 Staphylococcus aureus

is capable of releasing several proinflammatory exotoxins

which may induce the eczema of which the superantigens,

especially staphylococcal enterotoxin B,8 are the most studied.

The superantigens strongly activate T cells, stimulate produc-

tion of IgE and directly activate dendritic cells and keratino-

cytes in the skin leading to cytokine release,9,10 including the

pruritic cytokine interleukin (IL)-3111 and inhibition of regu-

latory T cells.12 This may lead to activation of eczema.

However, no studies have looked at colonization with

S. aureus in patients before the onset of AD. In children at risk

of AD, S. aureus and the released exotoxins may more easily

penetrate the skin due to a barrier defect. Loss-of-function

variants in the filaggrin gene13 were recently identified as an

example of such a skin barrier defect which was identified in

up to 50% of patients with AD.

The primary aim of this prospective longitudinal birth

cohort study was to determine if colonization with S. aureus in

neonates increases the risk of developing AD during the first

3 years of life. The secondary aims were to study the associa-

tion between colonization with S. aureus in neonates and
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parents, colonization during acute skin problems and the role

of superantigen specific IgE.

Materials and methods

The Copenhagen Prospective Study on Asthma in Childhood

(COPSAC) is a prospective longitudinal birth cohort study of

children born by mothers with a history of asthma. The

cohort has been described in detail previously.14 In brief,

mothers with a history of asthma were invited during preg-

nancy, and the neonates were enrolled during the first month

of age. Neonates born before 36 gestational weeks or with

known severe congenital diseases were excluded. The main

catchment area of the cohort was greater Copenhagen, Den-

mark. The children were born between August 1998 and

December 2001, and 397 were white. All mothers had a his-

tory of asthma and 48% had a history of AD. Sixteen per cent

of the fathers had a history of asthma and 13% a history of

AD. The study followed the guiding principles of the Declara-

tion of Helsinki, and was approved by the Ethics Committee

for Copenhagen (KF 02-118 ⁄98) and the Danish Data Protec-

tion Agency (2008-41-1754) and written informed consent

was obtained from the parents.

The participants were seen in the COPSAC Clinical Research

Unit (CRU) at age 1 month and at scheduled visits every

6 months thereafter as well as for any acute onset of exacerba-

tion of symptoms from skin or airways.

Sampling methods, bacterial isolation and identification

Swabs were taken from the vestibulum nasi and perineum at

scheduled visits at 1 month and 1 year of age. Swabs were

obtained from involved skin at acute visits due to eczema-like

skin problems. Swabs were also taken from the vestibulum

nasi and pharynx from the parents who attended the 1-month

visit.

Cultures were taken with charcoal cotton swabs and

referred to the clinical microbiology laboratory in Stuart trans-

port media. During weekends and at night the cultures were

stored in Stuart transport media in a refrigerator at 5 �C for a

maximum of 48 h. In the laboratory the swabs were handled

immediately according to standard procedures for the labora-

tory. In brief, the swabs were inoculated on blood–agar plates

(Oxoid, Basingstoke, U.K.) and a plate for antibiotic suscepti-

bility testing (Oxoid). The plates were incubated for 18–24 h

at 35 �C. To identify S. aureus, Staphylococcus-like colonies were

tested with Staphaurix� (Remel, Dartford, Kent, U.K.) for the

presence of clumping factor and ⁄or protein A. If the result

was doubtful, an additional test – coagulase production with a

test tube containing horse plasma – was done. Colonies posi-

tive for S. aureus were tested for antibiotic susceptibility by

means of agar-diffusion tests with the following anti-

biotic disks (Oxoid): penicillin G (10 i.u.); oxacillin (1 lg);

gentamicin (30 lg); erythromycin (15 lg); clindamycin

(15 lg); fusidic acid (10 lg); rifampicin (5 lg); vanco-

mycin (5 lg); tetracycline (30 lg); and chloramphenicol

(30 lg). Streptococcus-like colonies with b-haemolysis were

grouped with antisera against group A (S. pyogenes), B (S. agalactiae),

C and G.

All isolates were stored at )80 �C. Staphylococcus aureus iso-

lates were later referred to the Statens Serum Institute,

Copenhagen. Phage typing was performed according to Blair

and Williams15 using the international set of phages. The

subdivision into phage groups I–III was performed according

to Parker16 and, additionally, strains of phagetype 95, 94 ⁄96

complex, 80 complex and 83A complex, respectively, were

recorded separately.

IgE to staphylococcal enterotoxin

Serum samples were collected at the 18-month visit and were

assayed for IgE to staphylococcal enterotoxins [staphylococcal

enterotoxin A (SEA), staphylococcal enterotoxin B (SEB) and

toxic shock syndrome toxin-1 (TSST-1)]. Specific IgE was

determined by a commercial assay for IgE (ImmunoCAP

Phadiatop Infant, Phadia, Pharmacia Diagnostic AB, Uppsala,

Sweden). Values of Phadiatop Infant of 0Æ35 kU L)1 or more

were considered indicative of sensitization.17

Objective clinical examination

The neonates were given a standardized physical examination

at every visit and history was obtained by the doctors at the

CRU using structured questions and closed response categories

including skin manifestations and medication use.

Skin lesions with typical dermatitis morphological features

were described at each visit online according to predefined

morphological categories and localization. AD was defined

based on the criteria of Hanifin and Rajka.14,18 The severity

of AD was scored using the scoring of atopic dermatitis

(SCORAD) index, ranging from 0 to 103 points,19 which

includes the assessment of (i) extent; (ii) intensity (erythema,

oedema ⁄papules, oozing ⁄crust, excoriation, lichenification,

and dryness on a scale from 0 to 3); and (iii) subjective

symptoms [pruritus and sleeplessness (using a scale from 0 to

10 of the parents’ subjective opinion of the child’s degree of

pruritus and sleeplessness)].

Statistical analysis

The v2 test was used to compare colonization and the risk of

AD. McNemar’s test was used for analyses of association

between colonization in neonates and parents. A nonpaired

Student’s t-test was used to compare SCORAD in children with

and without S. aureus. P < 0Æ05 was considered significant.

Results

The COPSAC study enrolled 411 neonates at age 1 month,

356 of whom provided complete follow-up data by age

3 years. Only the 356 children who completed the 3-year

follow-up were included in the current analyses.
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Colonization with Staphylococcus aureus at 1 month

of age and the risk of atopic dermatitis during the first

3 years of life

Swabs were cultured from 302 neonates at their first visit. The

median age of the neonates at the first visit was 4 weeks

(range 2–11 weeks). Of these neonates, 161 (53Æ3%) had at

least one swab culture that tested positive for S. aureus, mainly

from the vestibulum nasi (51Æ3%), but 11Æ3% of the swabs

from the perineum were also positive. Only six neonates car-

ried S. aureus in the perineum and not in vestibulum nasi.

Sixty-six (22%) of the neonates were delivered by caesarian

section. However, there was no difference in the number of

neonates colonized by S. aureus between neonates delivered nat-

urally and by caesarian section.

One hundred and twenty-seven (42Æ1%) infants developed

AD before the age of 3 years. However, no association

between colonization with S. aureus at 1 month of age and risk

of developing AD at the age of 3 years was found (Table 1).

Ten of the 302 neonates tested at the 1-month visit had at

least one swab positive for b-haemolytic streptococci. One

neonate had a positive test for Streptococcus pyogenes (vestibulum

nasi), eight had a positive test for Streptococcus agalactiae (three

vestibulum nasi, three perineum and two both places) and

one positive for b-haemolytic Streptococcus group G (vestibulum

nasi). Six of the children colonized with b-haemolytic strepto-

cocci at 1 month of age developed AD before age 3 years.

Taken together a low number of children were colonized with

b-haemolytic streptococci at scheduled visits at 1 month of

age and there was no association of colonization with

b-haemolytic streptococci and a risk of AD at the age of

3 years.

Colonization with Staphylococcus aureus at 1 year of age

Swabs were cultured from 336 of the children seen at the

1-year visit. The median age of the children at this visit was

53 weeks (range 47–64 weeks). In three children, swabs were

taken only from the vestibulum nasi. In total 38 (11Æ3%) of

the children tested positive for S. aureus in the swabs from the

vestibulum nasi (34 children) or perineum (five children)

(Table 2). At the 1-year visit, 99 of the 336 (29Æ5%) included

children who had already developed AD and 14 of these chil-

dren were colonized with S. aureus in the vestibulum nasi or

perineum.

Forty-six of 336 children (13Æ7%) tested at the 1-year visit

developed AD after the visit but before 3 years of age; again,

there was no association between colonization with S. aureus at

1 year of age and the risk of developing AD at 3 years of age

(P = 0Æ72).

Among the 38 children with a positive swab for S. aureus at

the 1-year visit, 28 children had a swab test taken at 1 month

of age, and 22 of these had a positive test both at the

1-month and 1-year visit. However, only eight of these child-

ren developed AD during the first 3 years of life.

Eight of the 336 children tested at the 1-year visit had at

least one swab positive for Streptococcus. Four children had a

positive test for Streptococcus pyogenes (vestibulum nasi), three had

a positive test for Streptococcus agalactiae (perineum) and one was

positive for b-haemolytic Streptococcus group G (vestibulum

nasi). Three of the children colonized with Streptococcus at

1 year of age developed AD before the age of 3 years.

Acute visits due to eczema-like skin problems and

colonization with staphylococci and streptococci

In the study period 223 children were seen with acute

eczema-like skin problems. Each child had a swab taken from

one to seven times during the study period. Swabs were taken

from one to three of the most severely affected eczema-like

lesions at each visit and in total 594 swabs were taken; 134

of the 594 swabs tested positive for either S. aureus or strepto-

cocci (Table 3). Among the 223 children seen with acute

eczema-like skin problems 135 (60Æ5%) developed AD during

the first 3 years of life, whereas 88 (39Æ5%) did not fulfil the

AD diagnosis. Of the culture-positive swabs, 106 were from

Table 1 Colonization with Staphylococcus aureus at 1 month of age and
the association of atopic dermatitis (AD) at age 3 years

Localization Number

S. aureus

P-value

Negative
(%)

Positive
(%)

All children 302

AD 127 56 (18Æ5) 71 (23Æ5) 0Æ44
Not AD 175 85 (28Æ1) 90 (29Æ8)

Nasal swabs 302
AD 127 57 (18Æ9) 70 (23Æ2) 0Æ26

Not AD 175 90 (29Æ8) 85 (28Æ1)
Perineum swabs 301

AD 126 114 (37Æ9) 12 (4Æ0) 0Æ41
Not AD 175 153 (50Æ8) 22 (7Æ3)

Table 2 Colonization with Staphylococcus aureus at 1 year of age

Localization Number

S. aureus

Negative

(%)

Positive

(%)

All children 336
AD

AD at 1 year 99 85 (25Æ3) 14 (4Æ2)
AD > 1 year 46 43 (12Æ5) 4 (1Æ2)

Not AD 191 171 (50Æ9) 20 (6Æ0)
Nasal swabs 336

AD 145 129 (38Æ4) 16 (4Æ8)
Not AD 191 173 (51Æ5) 18 (5Æ4)

Perineum swabs 333
AD 144 141 (42Æ3) 3 (0Æ9)

Not AD 189 187 (56Æ2) 2 (0Æ6)

AD, atopic dermatitis.
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the 135 children who developed AD and there was a signifi-

cant increase in the number of children with S. aureus among

children who developed AD during the first 3 years of life

(P = 0Æ02).

Nearly half of the swabs taken (258) at the acute visits were

from children who already had a diagnosis of AD and AD

severity was measured using SCORAD. Colonization with

S. aureus was demonstrated in 55 (21Æ3%) children with AD at

the acute visits. Severity of AD measured by SCORAD in chil-

dren with a positive swab for S. aureus was significantly higher

than in children with a negative swab [positive swab: n = 55,

mean ± SD 31Æ0 ± 12Æ7; negative swab: n = 203 mean ±

SD 22Æ8 ± 11Æ1, mean difference )8Æ25 (95% CI )12Æ0
to )4Æ5)].

At the acute visits 11 swabs were cultured positive for

b-haemolytic streptococci, mainly S. pyogenes (Table 3). Only

one child with an AD diagnosis at the time of the acute visit

was positive for S. pyogenes.

Phage groups and drug resistance among

Staphylococcus aureus

The main part of the isolated S. aureus was phage typed and the

phage groups from the children are shown in Table 4. The

distribution of phage groups was comparable with results

from the Danish population in general (Table 4). There was

no association between phage groups and the development of

AD during the first 3 years of life.

In accordance with the very low prevalence of methicillin-

resistant S. aureus (MRSA) in Denmark, MRSA was not found in

the study. In swabs taken at 1 month and 1 year of age few

isolates were resistant to erythromycin and fusidic acid (see

Table 5). Twenty S. aureus isolates found at acute visits were

resistant to fusidic acid. The 20 swabs were taken from eight

children of whom six had AD. Five of the eight children with

S. aureus resistant to fusidic acid had been treated with topical

fusidic acid. No children received systemic fusidic acid.

The results demonstrate that the S. aureus phage group distri-

bution found was in line with the normal distribution in Den-

mark. Among the S. aureus isolated there was no methicillin

resistance and only a few S. aureus cultures were resistant to

erythromycin or fusidic acid.

Specific IgE to staphylococcal enterotoxins and

development of atopic dermatitis

Serum samples collected at 18 months of age were as follows:

SEA (n = 331), SEB (n = 328) and TSST-1 (n = 330) and only

a few were positive (SEA = 2, SEB = 5 and TSST-1 = 11).

Seven of the positive samples were from children with AD at

the age of 3 years. The number of positive tests was not

increased among children who develop AD before the age of

3 years.

Colonization with Staphylococcus aureus in the parents

Swabs were cultured from 300 of the mothers and 260 of the

fathers at the 1-month visit; 131 (43Æ7%) of the mothers and

126 (48Æ5%) of the fathers had a swab positive for S. aureus. In

total, 139 (86Æ3%) of the 161 neonates with a positive test

had at least one parent with a positive swab, and in 44

(27Æ3%) of the neonates both parents had a positive swab for

S. aureus (Fig. 1). The concordance for S. aureus carriage

Table 3 Positive test for Staphylococcus aureus and Streptococcus at acute visits
due to skin problems and the risk of atopic dermatitis (AD) at age 3

Swabs
Total
(n = 594)

Not AD
(n = 128)

AD
(n = 466)

Positive total 134 19 115

S. aureus 123 17 106
Streptococcus

S. pyogenes 6 1 5
S. agalactiae 4 1 3

Group C 1 0 1

Table 4 Phage group distribution among swabs positive for Staphylococcus aureus

Phage group

1 month 1 year Acute visits
Denmark, 1999

(17 174 isolates)a

(%)

Not AD

(%)

AD at 3-year

(%)

Not AD

(%)

AD at 3-year

(%)

Not AD

(%)

AD at 3-year

(%)

I 16 (19Æ0) 13 (18Æ6) 2 (11Æ1) 1 (6Æ3) 1 (5Æ6) 10 (8Æ9) 14Æ8
II 13 (15Æ5) 10 (14Æ3) 5 (27Æ8) 2 (12Æ5) 8 (47Æ1) 20 (17Æ9) 22Æ5
III 6 (7Æ1) 5 (7Æ1) 2 (11Æ1) 2 (12Æ5) 1 (5Æ9) 11 (9Æ8) 12Æ0
80-complex 1 (1Æ2) 1 (1Æ4) 1 (5Æ6) 0 (0) 1 (5Æ9) 5 (4Æ7) 1Æ8
83A-complex 4 (4Æ8) 4 (5Æ7) 3 (16Æ7) 1 (6Æ3) 2 (11Æ8) 4 (3Æ8) 4Æ5
94 ⁄96 3 (3Æ6) 3 (4Æ3) 0 (0) 1 (6Æ3) 0 (0) 8 (7Æ1) 5Æ6
95 18 (21Æ4) 19 (27Æ4) 4 (22Æ2) 4 (25Æ0) 1 (5Æ9) 27 (24Æ1) 17Æ1
NI (mixed group) 13 (15Æ5) 5 (7Æ1) 1 (5Æ6) 2 (12Æ5) 1 (5Æ9) 15 (13Æ4) 10Æ1
NT (nontypable) 10 (11Æ9) 10 (14Æ3) 0 (0) 3 (18Æ6) 2 (11Æ8) 12 (10Æ7) 11Æ6

Totals 84 (100) 70 (100Æ2) 18 (100Æ1) 16 (100) 17 (99Æ9) 112 (100Æ4) 100

aSee annual report on Staphylococcus aureus isolates 1999.26
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between at least one parent and the neonates was 70% with

210 concordant pairs (P = 0Æ012). The parents’ history of AD

was not associated with the number of neonate colonized with

S. aureus.

The isolated S. aureus was phage typed and 97 (60%) of the

161 neonates with a positive test for S. aureus at the 1-month

visit carried the same phage group as one of the parents.

Discussion

The colonization of the skin (vestibulum nasi and ⁄or peri-

neum) with S. aureus in neonates at 1 month of age was not

associated with an increased risk of developing AD during the

first 3 years of life. We found a high number of neonates

who carried S. aureus at 1 month of age (53Æ3%), predomi-

nantly in the nasal vestibulum (51Æ3% of 302 swabs cultured).

The number of children who carried S. aureus decreased mark-

edly during the first year to 11Æ3% of 336 swabs cultured.

There was a 70% concordance for S. aureus carriage between

parents and neonates. Positive swabs were found significantly

more often in children with skin lesions that later were diag-

nosed as AD compared with skin lesions that did not develop

into AD. The severity of AD measured by SCORAD in children

with a positive swab for S. aureus was significantly higher than

in children with a negative swab. The phage type of the iden-

tified S. aureus resembled the normal distribution for Denmark

and only a few S. aureus cultures were resistant to erythromycin

or fusidic acid.

Colonization with S. aureus is increased in patients with AD

and the colonization is often associated with exacerbation of

the eczema.1-5 Exotoxins from S. aureus, especially superanti-

gens, have several proinflammatory effects. Whether coloniza-

tion and superantigen release lead to induction of eczema is

debatable. We therefore studied colonization with S. aureus in

neonates and subsequent development of AD during the first

3 years of life. An association between bacterial colonization

and an increased risk of atopy is not unlikely. From the same

cohort we have previously shown that neonates colonized in

the hypopharyngal region with S. pnemoniae, Haemophilus influenzae

or Moraxella catarrhalis or with a combination of these organisms

have an increased risk of recurrent wheeze and asthma early

in life.20 However, the current study found no indication of

an association between early colonization with S. aureus and

later development of AD.

We cultured from both the vestibulum nasi and perineum

in the children to increase the sensitivity21 but identified only

a few children who were found to have S. aureus in the swabs

taken from the perineum. Of the neonates 53Æ3% were colo-

nized with S. aureus, which is in accordance with a previous

report of nearly 50% nasal swabs positive for S. aureus in

healthy neonates at 2 weeks of age.22 The colonization rate

fell to 11Æ3% by age 12 months, which is also in agreement

with previous reports.22

We found a high number of swabs positive for S. aureus in the

parents. The high level of S. aureus colonization may be due to

the sampling method (both vestibulum nasi and pharynx21),

the parental history of AD and the high number of neonates

positive for S. aureus. We found a high degree of concordance

(70%) for S. aureus carriage between parents and neonates,

which is in agreement with previously published data.22

Positive swabs taken at acute visits were found significantly

more often in children with skin lesions that later developed

into AD than skin lesions that did not. In children with estab-

lished AD 21% were positive for S. aureus. This is in agreement

with another study23 but is less than other studies have

reported.1,2 Our cohort consists of a few cases of severe AD14

whereas comparative studies primarily consist of moderate to

severe cases of AD.24 SCORAD in children with a positive

swab for S. aureus was significantly higher than in children

with a negative swab. This is in agreement with previous find-

ings that the more severe the eczema the higher the coloniza-

tion rate of S. aureus.7

b-Haemolytic streptococci have not been associated with

AD.25 Accordingly we found only a few swabs positive for

Streptococcus at both acute and planned visits and no association

with positive swabs at 1 month or 1 year and the risk of AD

at the age of 3 years.

We did not identify any MRSA and only a few S. aureus

isolates were resistant to erythromycin or fusidic acid in this

study. This is in accordance with the very few problems with

antibiotic resistance faced in Danish clinical isolates of S. aureus,

where resistance to penicillin and susceptibility to other exam-

ined antibiotics is by far the predominant pattern.26 Children

with AD in this cohort had for the main part mild eczema and

were treated with topical steroid and topical fusidic acid if

infection was suspected. Despite this, resistance to fusidic acid

was not a problem in our cohort.

Table 5 Drug resistance among Staphylococcus aureus isolates

Visits

Total

swabs

S. aureus

isolated, n

Erythromycin-

resistant, n

Fusidic acid-

resistant, n

1 month 603 189 2 7
1 year 669 39 2 3

Acute 594 123 5 20

Mother Father 

Infant 

22

54 
44

14276

41 

Fig 1. Concordance of swabs positive for S. aureus in neonates,

mothers and fathers at the 1-month visit. Number of swabs positive

for S. aureus from 302 (161 positive) neonates, 300 mothers (131

positive) and 260 fathers (126 positive).
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Staphylococcus aureus phage distribution was comparable with

the normal distribution in Denmark. Only a few small studies

have previously looked at the phage group of S. aureus in AD.

Older studies mainly found phage group III;25,27 in contrast

we found mainly phage group II and NT, confirming more

recent findings.28

Serum samples collected at 18 months of age were tested

for the presence of specific IgE to three staphylococcal entero-

toxins (SEA, SEB and TSST-1). At this early age only a few

samples were positive and there was no increased number

among children who develop AD before the age of 3 years.

An association between eczema and sensitization to S. aureus-

secreted enterotoxins have been found; however, these studies

have been performed in older children and the low number

of specific IgE to staphylococcal enterotoxins in our study is

probably related to the fact that the samples were taken early,

at the age of 18 months.

In conclusion, study of this prospective longitudinal birth

cohort produced strong evidence that S. aureus colonization and

IgE sensitization to staphylococcal enterotoxins are not associ-

ated with AD onset, but confirmed S. aureus as an aggravating

factor in established AD.

Acknowledgments

The authors wish to thank the children and parents participat-

ing in the COPSAC cohort as well as the COPSAC study team.

COPSAC is funded by private and public research funds.

Grants above 100 000 euros were donated by The Lundbeck

Foundation; the Pharmacy Foundation of 1991; Augustinus

Foundation; the Danish Medical Research Council; The Danish

Pediatric Asthma Centre. The funders did not have any role in

study design, data collection and analysis, decision to publish

or preparation of the manuscript.

References

1 Leyden JJ, Marples RR, Kligman AM. Staphylococcus aureus in the

lesions of atopic dermatitis. Br J Dermatol 1974; 90:525–30.
2 Hauser C, Wuethrich B, Matter L et al. Staphylococcus aureus skin colo-

nization in atopic dermatitis patients. Dermatologica 1985; 170:35–9.
3 Nilsson EJ, Henning CG, Magnusson J. Topical corticosteroids and

Staphylococcus aureus in atopic dermatitis. J Am Acad Dermatol 1992;
27:29–34.

4 Hanifin JM, Rogge JL. Staphylococcal infections in patients with
atopic dermatitis. Arch Dermatol 1977; 113:1383–6.

5 Williams RE, Gibson AG, Aitchison TC et al. Assessment of a contact-
plate sampling technique and subsequent quantitative bacterial

studies in atopic dermatitis. Br J Dermatol 1990; 123:493–501.
6 Breuer K, Haussler S, Kapp A, Werfel T. Staphylococcus aureus: coloniz-

ing features and influence of an antibacterial treatment in adults
with atopic dermatitis. Br J Dermatol 2002; 147:55–61.

7 Gong JQ, Lin L, Lin T et al. Skin colonization by Staphylococcus aureus

in patients with eczema and atopic dermatitis and relevant com-
bined topical therapy: a double-blind multicentre randomized con-

trolled trial. Br J Dermatol 2006; 155:680–7.
8 Marrack P, Kappler J. The staphylococcal enterotoxins and their

relatives. Science 1990; 248:705–11.

9 Ezepchuk YV, Leung DY, Middleton MH et al. Staphylococcal toxins
and protein A differentially induce cytotoxicity and release

of tumor necrosis factor-alpha from human keratinocytes. J Invest
Dermatol 1996; 107:603–9.

10 Leung DY, Harbeck R, Bina P et al. Presence of IgE antibodies to
staphylococcal exotoxins on the skin of patients with atopic derma-

titis. Evidence for a new group of allergens. J Clin Invest 1993;
92:1374–80.

11 Sonkoly E, Muller A, Lauerma AI et al. IL-31: a new link between T
cells and pruritus in atopic skin inflammation. J Allergy Clin Immunol

2006; 117:411–17.

12 Ou LS, Goleva E, Hall C et al. T regulatory cells in atopic derma-
titis and subversion of their activity by superantigens. J Allergy Clin

Immunol 2004; 113:756–63.
13 Palmer CN, Irvine AD, Terron-Kwiatkowski A et al. Common loss-

of-function variants of the epidermal barrier protein filaggrin are a
major predisposing factor for atopic dermatitis. Nat Genet 2006;

38:441–6.
14 Halkjaer LB, Loland L, Buchvald FF et al. Development of atopic

dermatitis during the first 3 years of life: the Copenhagen prospec-
tive study on asthma in childhood cohort study in high-risk

children. Arch Dermatol 2006; 142:561–6.
15 Blair JE, Williams REO. Phage typing of staphylococci. Bull World

Health Organ 1961; 24:771–84.
16 Parker MT. The significance of phage-typing patterns in Staphylo-

coccus aureus. In: Staphylococci and Staphylococcal Infections (Easmon CSF,
Adlam C, eds). London: Academic Press, 1983; 33–62.

17 Ballardini N, Nilsson C, Nilsson M et al. ImmunoCAP Phadiatop
Infant – a new blood test for detecting IgE sensitisation in children

at 2 years of age. Allergy 2006; 61:337–43.
18 Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta

Derm Venereol 1980; 92:44–7.
19 Severity scoring of atopic dermatitis: the SCORAD index. Consen-

sus report of the European task force on atopic dermatitis. Dermatology
1993; 186:23–31.

20 Bisgaard H, Hermansen MN, Buchvald F et al. Childhood asthma
after bacterial colonization of the airway in neonates. N Engl J Med

2007; 357:1487–95.
21 Mertz D, Frei R, Jaussi B et al. Throat swabs are necessary to

reliably detect carriers of Staphylococcus aureus. Clin Infect Dis 2007;
45:475–7.

22 Peacock SJ, Justice A, Griffiths D et al. Determinants of acquisition
and carriage of Staphylococcus aureus in infancy. J Clin Microbiol 2003;

41:5718–25.

23 Seymour JL, Keswick BH, Milligan MC et al. Clinical and microbial
effects of cloth, cellulose core, and cellulose core ⁄absorbent gel

diapers in atopic dermatitis. Pediatrician 1987; 14 (Suppl. 1):39–43.
24 Zollner TM, Wichelhaus TA, Hartung A et al. Colonization with

superantigen-producing Staphylococcus aureus is associated with
increased severity of atopic dermatitis. Clin Exp Allergy 2000;

30:994–1000.
25 Aly R, Maibach HI, Shinefield HR. Microbial flora of atopic derma-

titis. Arch Dermatol 1977; 113:780–2.
26 Statens Serum Institut. Annual Report on Staphylococcus aureus Isolates 1999.

Copenhagen: Staphylococcus Laboratory, Statens Serum Institut,
1999.

27 Lever R, Hadley K, Downey D et al. Staphylococcal colonization in
atopic dermatitis and the effect of topical mupirocin therapy. Br J

Dermatol 1988; 119:189–98.
28 Namura S, Nishijima S, Higashida T et al. Staphylococcus aureus isolated

from nostril anteriors and subungual spaces of the hand: compara-
tive study of medical staff, patients, and normal controls. J Dermatol

1995; 22:175–80.

� 2009 The Authors

Journal Compilation � 2009 British Association of Dermatologists • British Journal of Dermatology 2009

6 Neonatal colonization with S. aureus, L. Skov et al.


