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Abstract: The goal of this study was to evaluate the frequency and role of
Staphylococcus aureus infection in patients with atopic dermatitis (AD). In
81 children, ages 2 months to 9 years, affected with moderate to severe AD,
308 samples from the cutaneous lesions were obtained and analyzed.
S. aureus was isolated in 52 children (64.2%). Five of these were also
colonized by Streptococcus pyogenes and one by Candida albicans. In
61 patients, total IgE serum level and specific IgE were tested to evaluate
their allergic status: in 43 children a diagnosis of extrinsic AD was made,
while 18 were affected by intrinsic AD. A higher presence of the bacterium
was observed in allergic (71%) versus nonallergic children (49%). Our data
demonstrate the importance of S. aureus in the clinical manifestation of AD
and, in particular, its role in worsening the eczematous lesions of the face,
neck, and perineum in children less than 1 year of age.

Atopic dermatitis (AD) is a pruritic, chronically
relapsing inflammatory cutaneous disease frequently
associated with asthma and allergic rhinoconjunctivitis
(1). The skin of AD patients exhibits a striking suscepti-
bility to colonization with Staphylococcus aureus and the
prominent role of S. aureus skin colonization as a factor
contributing to the exacerbation of AD has been well
established (2). In 1974, in a study by Leyden et al. (3),
S. aureus was isolated from lesional skin in more than
90%ofADpatients,andsubsequentstudiesrevealedthat
up to 80% of AD patients have skin colonization with
S. aureus (2).Moreover, a relationship betweenS. aureus
levels and AD extent and severity has been noted (4).
An attractive concept is that S. aureus-released

proinflammatory products may gain access to the

dermis because of the disruption of the skin barrier. In
addition to the various well-described molecules
secreted by most strains of S. aureus, such as a-toxin,
protein A, and other less known pyrogenic exoproteins
(2), some strains of S. aureus produce exotoxins with
T-cell superantigen activity (2) which are able to
worsen AD. Some AD patients may therefore benefit
from eradication of S. aureus by antimicrobial ther-
apy. However, repeated courses of antibiotic therapy
may lead to development of antibiotic-resistant strains
of S. aureus (1,5).
The goal of this study was to determine the fre-

quency of S. aureus colonization and its impact on the
severity of AD in young children with moderate or
severe disease.
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METHODS

Study Population

Our study was performed on a group of children with
AD diagnosed according to the Hanifin and Raijka cri-
teria (6) and consecutively referred to our Pediatric
Department between October 2000 and May 2002. A
clinical evaluation of AD was performed using the
SCORAD index (7) as follows: severe AD > 40, mod-
erate AD 20–40, mild AD < 20. A total of 81 patients
showing moderate to severe AD with exudative lesions
were selected for this study. They consisted of 46 boys
and 35 girls, ages 2 months to 9 years (mean 2 years).
Informed parental consent was obtained.
At the time of examination, all patients were in an

acute phase of the disease; 48 children had a family his-
tory of atopy, and in all of the older children, AD had
began before 2 years of age.

Allergologic Assessment

An allergologic study was performed in 61 patients and
consisted of total IgE serum level evaluation and circu-
lating specific IgE antibody determination using the
RAST CAP-System (Pharmacia, Uppsala, Sweden) for
food allergens (cow’s milk, hen’s egg, wheat, soybean,
fish, tomato,peanut) and inhalant allergens (grasspollen,
cat, dog, Dermatophagoides pteronyssinus, Dermato-
phagoides farinae). The specific IgE antibodies were
considered to be present when the level was higher than
0.35 kU/L. Statistical analysis was performed using the
square test.

Microbial Isolation from Skin Lesions

In order to isolate bacteria and fungi, samples from the
cutaneous lesions were obtained and analyzed in our
microbiology laboratory. From 1 to a maximum of 10
cutaneous samples (mean 4) were obtained from each
patient. A total of 308 samples taken from areas affected
by acute exudative eczema were obtained and analyzed:
89 samples from the face and neck, 55 samples from the

trunk, 81 samples from the arms, 75 samples from the
legs, and 8 samples from the groin, genital area, and/or
the perineum.

Treatment and Follow-Up

Patients with localized infected lesions were treated only
with topical antimicrobial therapy associated with top-
ical steroids,while patientswith extended infected lesions
were treated with systemic antimicrobial therapy and
reevaluated after the end of this treatment.

RESULTS

Forty-seven of the 81 children had severe AD (SCO-
RAD > 40) and 34 had moderate AD (SCORAD
20–40). The average SCORAD value was 43.3.
Skin lesionswere colonized byS. aureus in 52 children

(64.2%). Five of these were also colonized by Strepto-
coccus pyogenes and one by Candida albicans. Of the 43
patients age 1–12 months, 34 (79%) tested positive for
S. aureus, while only 18 (47.3%) of the 38 older children
tested positive (p < 0.006) (Table 1). Of the 89 samples
obtained from eczematous lesions of the face and neck,
53 (59.5%) were positive for S. aureus, 21 of the 55
samples (38.2%) from the trunk were positive, 31 of the
81 samples (38.3%) fromthearmswerepositive, 32of the
75 samples (42.6%) from the legs were positive, and 5 of
the 8 samples (62%) from the groin, genital area, and/or
perineum were positive. A prominent prevalence of
positive samples were taken from the face and neck and
from the groin, genital area, and/or perineum
(p < 0.02). Moreover, the percentage of samples posi-
tive for S. aureus isolated from the face and neck was
particularly high in the younger age group: 37 of the 57
samples (65%) obtained from the face and neck in chil-
dren younger than 12monthswere positive forS. aureus,
as opposed to only 16 of the 32 samples (50%) obtained
from the same area in older children (p ¼ 0.25). Thirty-
three of the 47 patients with severe AD (SCO-
RAD > 40) were colonized with S. aureus, showing a
higher percentage (70.2%) of S. aureus overinfection

TABLE 1. Relationship Between Clinical Evaluation with the SCORAD Index and S. aureus Positivity

No. of cases SCORAD
Patients with cutaneous samples positive
for S. aureus SCORAD

Patients with cutaneous samples
negative for S. aureus SCORAD

Moderate Severe Total Moderate Severe Total Moderate Severe Total

0–12 months 43 15 (35%) 28 (65%) 34 (79%)a 9 (21%)a 11 23 4 5
>12 months 38 19 (50%) 19 (50%) 18 (47.3%)a 20 (32.7%)a 8 10 11 9

Total 81 34 47 52 19 33 29 15 14

ap < 0.006.
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than in childrenwithmoderateAD (19 of the 34 children
colonized; 55.8%) (p ¼ 0.27).
Antimicrobial therapy was suggested for the 52 infec-

ted children, and good clinical results were obtainedwith
good clinical control of AD in the following months. In
17 patients treated with systemic antimicrobial therapy,
the SCORAD index was calculated not only before but
also after treatment. In 16 children (94.1%) the SCOR-
AD index showed a reduction; 9 of these patients
(56.2%) showed a decrease of more than 20 points and
only 1 patient showed no improvement. The other four
patients treatedwith systemic antimicrobial therapywere
contacted by phone to verify the clinical course of the
disease after treatment and all of them reported good
clinical improvement. The same procedure was followed
for all 31 patients undergoing topical treatment, and
positive results were again reported.

Allergologic Assessment

On the basis of the allergologic study results, we were
able to divide the 61 patients studied into two groups:
43 affected by ‘‘extrinsic’’ AD (34 with a high IgE
serum level and the presence of specific IgE and 9 with
only specific IgE) and 18 by ‘‘intrinsic’’ AD (without
allergologic test positivity). Of the 43 children with
allergic AD, 30 (70%) were colonized by S. aureus, as
opposed to only 9 of the 18 children (50%) with
intrinsic AD (p ¼ 0.24) (Fig. 1).

DISCUSSION

Several factors have been suggested to trigger AD,
including irritants, foods, aeroallergens, and infections.
There has been widespread interest in the potential role

of S. aureus in the pathogenesis of AD because most
patients are colonizedby thisbacterium;Saureus secretes
potent toxins that trigger skin inflammation, worsening
the eczema (8). Despite the relatively small number of
patients involved in this study, some results are of con-
siderable interest, particularly because of the very young
age of the children (all but seven of the patients were
younger than 5 years of age).
In our study, S. aureus was present in 64.2% of ana-

lyzed patients. This percentage is quite different from
data reported in some previous studies (9), although our
result is in line with more recent data reported by Patel
et al. (10), where 57% of patients were infected, and by
Breneman et al. (5), where 50%of patients were infected.
The overinfection by S. aureus in our study showed a

statistically significant (p < 0.006) difference regarding
the age of the children. The younger children (less than
12 months of age) had samples positive for S. aureus
more often than the older group. Furthermore, a statis-
tically significant prevalence of positivity (p < 0.02) was
observed for samples taken from the face and neck and
from the groin, genital area, and/or the perineum. Sam-
ples obtained from the lesions on the face and neck in
children younger than 12months of age showed a higher
prevalence of the bacterium than those taken from the
same areas in older children. This may be due in part to
the high involvement of these areas by AD in younger
children; in addition, we cannot exclude the possibility
that the higher percentage of infection in these children
may be related to the prevalence of exudative lesions at
this age. The eight children with involvement of the
diaper area showed relapsing rhagadized lesions or
erythematous and exudative lesions on the folds asso-
ciated with erosions due to intense itching. In all these
children, an allergologic evaluation was performed
because of a diagnosis of diaper eczema.
Moreover, in our study, the skin of ‘‘allergic’’ children

was more often, although not significantly, colonized by
S. aureus. Allergic status may in fact play a role in pro-
moting skin colonization by the bacterium. Further-
more, in our patients, the majority of those less than
1 year old showed positivity to food allergens (Table 2).
The mechanism by which S. aureus is able to colonize

the skin of AD patients is largely unknown. It has been
reported that acute skin inflammation inAD is primarily
mediated by type 2 helper T (Th2) cells (11). The reduc-
tion of skin colonization after antibacterial and cortico-
steroid therapy suggests that it is the inflammatory
process that drives the attachment of S. aureus to atopic
skin. A study by Cho et al. (11) reports a novel action of
interleukin (IL)-4: the induction of S. aureus binding to
the skin. In fact, S. aureus expresses an array of adhe-
sions that allow it to bind extracellular matrix (ECM)
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Figure 1. Relationship between IgE sensitization deter-
mined by RAST test and S. aureus overinfection in 61 children
with AD.
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components and also certain plasma proteins that can
exude into sites of skin inflammation. By utilizing these
adhesions, initial adherence to the skin occurs and the
colonization process can begin. Thus IL-4-induced
fibronectin synthesis, in combination with plasma exu-
dation of fibrinogen, could provide a mechanism by
which the atopic/inflammatory environment mediates
enhanced S. aureus attachment to the skin (11). Another
study (12) reports a direct link between Th2-mediated
cutaneous inflammation and increased colonization of
the skin by S aureus.
S. aureus colonization and infection of the skin are

thought to play an important role in the pathogenesis of
AD. Many studies show that the extent of S. aureus
colonization of the skin of AD patients correlates with
disease severity (12), and inour study the infection rate of
AD was higher in patients with severe AD (SCOR-
AD > 40, 70.2% of infected patients) than in patients
with moderate AD (55.8%).
Clinical studies have shown that all antimicrobial

treatments result in an improvement in the clinical
severity of AD (5). Recent studies (8) also suggest the
important role of antibiotics in the treatment ofS. aureus
overinfection in AD. The observation that combined
topical treatment of AD with antibiotics and cortico-
steroids is more effective than corticosteroids alone has
been confirmed by experimental studies showing that
S. aureus secretes products that can induce insensitivity
to topical corticosteroids: when T cells are stimulated
with superantigens they become insensitive to the
immunosuppressive effects of corticosteroids (8,13). This
may be clinically important because the use of antibiotics
is known to inhibit superantigen production byS. aureus
(8). However, prolonged use of antibiotics can be com-
plicated by the development of bacterial resistance (1,5).
In our study, children with severe skin lesions and pos-
itive skin samples forS. aureuswere treatedwith systemic
antimicrobial therapy: in all cases (with only one excep-
tion) we obtained a good clinical reaction with an
improvement of the clinical status in the following
months.
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TABLE 2. Relationship Between Two Groups of Children, IgE Serum Levels, and Specific IgE Sensitization

Allergologic
assessment

RAST
negative

RAST
positive

RAST
positive (food only)

RAST positive
(food and inhalant or inhalant only)

0–12 months 32 7 (22%) 25 (78%) 20 (80%) 5 (20%)
>12 months 29 11 (38%) 18 (62%) 7 (38.9%) 11 (61.1%)

Total cases 61 18 43 27 16
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