
Short Report

Antimicrobial susceptibility of skin-
colonizing S. aureus strains in children with
atopic dermatitis

The skin of patients with atopic dermatitis (AD)
is persistently colonized with staphylococci: 90–
95% of children with AD (as opposed to 15–25%
of healthy controls) harbour Staphylococcus
aureus on their skin surface (1, 2). Colonization
is not restricted to eczematous lesions, but
staphylococci tend to spread to unaffected sites
as well – a process referred to as �self-contamin-
ation� (3). Staphylococcus aureus colonization
density per square centimetre is 100- to 1000-
fold higher in AD than in healthy carriers, and it
is correlated with disease severity (1, 4). Individ-
ual strains of staphylococci tend to persist for a
long time in AD (2). Dryness and scaliness of the
skin surface facilitate their adhesion, and excor-
iations promote the development of subcuta-
neous infections (5).

Recurrent staphylococcal infections are very
common among AD patients (6). In addition to
cutaneous infections (folliculitis, panaritium,
abscess formation etc.), serious systemic infec-
tions such as osteomyelitis (7), endocarditis (8)
and septicaemia (9) have repeatedly been repor-
ted and traced to cutaneous S. aureus strains.
Furthermore, staphylococci can be spread from
the skin surface of AD patients to newborns or
other persons susceptible to invasive S. aureus
infections (10). Staphylococcal colonization is
therefore relevant both for the AD patient and
susceptible contact persons. For the management
of widespread cutaneous infections associated
with exacerbations of AD, systemic antibiotic
therapy is mandatory. We therefore assessed
antimicrobial susceptibility of S. aureus strains
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Children with atopic dermatitis (AD) are prone to recurrent cutaneous
and occasional systemic infections caused by Staphylococcus aureus.
Antibiotic therapy represents an important component of the overall
management of AD, especially during exacerbations of disease. Eryth-
romycin is still widely used as a first-line antibiotic for this indication.
We studied 115 consecutive children (mean age: 2.7 yr, range: 0.2–15)
with moderate to severe AD (mean SCORAD: 43.2, range: 16–77)
presenting to our outpatient department. Staphylococcus aureus was
isolated from 100 of 115 (87%). Antimicrobial susceptibility testing
revealed resistance against erythromycin in 18 and against roxithro-
mycin in 19%, respectively. Six percentage of the strains were resistant
or only intermediately susceptible to fusidic acid, 13% to amoxicillin
and 1% to clindamycin. All strains isolated were susceptible to oxacil-
lin, amoxicillin/clavulanic acid, cefadroxil and cefuroxim. The high rate
of primary resistance to macrolides should be born in mind when
starting antibiotic therapy in children with AD. Since Gram-positive
cocci represent the only relevant microbial agents in AD, first genera-
tion cephalosporins such as cefadroxil, whose antimicrobial spectrum is
basically restricted to Gram-positive bacteria, would appear to be the
ideal first-line antibiotics for the treatment of bacterial
superinfections.
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isolated from children with AD presenting to our
outpatient department.

Material and methods

Skin swabs were taken from 115 consecutive
children presenting with AD to the University of
Hamburg, Department of Dermatology, Division
of Paediatric Dermatology. Swabs were taken
from affected areas only. Children who had
received topical or systemic antibiotic therapy
for any reason within the preceding 4 wk were
excluded from the study. The children had a mean
age of 2.71± yr (range: 0.2–15). Diagnosis of AD
was established according to the criteria delinea-
ted by Hanifin and Rajka (11). Severity of AD
was assessed using the SCORAD score (12). The
mean SCORAD score was 43.2 ± 14.4 (range:
16–77), representing moderate to severe AD.
Staphylococcal strains were isolated on blood

agar plates (Columbia blood agar; BioMérieux,
Nürtingen, Germany) and tested for coagulase
activity with a coagulase slide test (Slidex Staph
Plus; BioMérieux). Individual colonies were sus-
pended in sterile sodium chloride (0.9%) suspen-
sion. Antimicrobial susceptibility was assessed
with the agar disc-diffusion method following
standard procedures (13). The following antibi-
otic discs were used: amoxicillin (25 lg), amox-
icillin/clavulanate (20/10 lg), oxacillin (1 lg),
cefuroxim (30 lg), erythromycin (15 lg), clinda-
mycin (2 lg), fusidic acid (10 lg) (all discs from
BioMérieux), cefadroxil (30 lg) and roxithromy-
cin (15 lg) (discs from Becton Dickinson,
Heidelberg, Germany). Bacterial suspensions
were plated onto Müller-Hinton agar (Bio-
Mérieux) and cultured over night at 37�C.
Sensitivity, intermediate sensitivity, and resist-
ance were determined by the zone of complete
growth inhibition around each disk according to
reference standards (Table 1). Strains were
stored on nutrient soy broth agar (Oxoid, Wesel,
Germany).

Results

One hundred strains of S. aureus were isolated
from 115 patients (87% positive). Results of
antimicrobial susceptibility testing are summar-
ized in Fig. 1. Among the antibiotics tested,
macrolides showed the highest rates of resistance
(erythromycin 18%, roxithromycin 19%, with
another 3% of the strains only intermediately
sensitive). Not unexpectedly, given the compar-
atively high prevalence of penicillinase-producing
staphylococci, 13% of the strains were resistant
to amoxicillin, but none of the strains was Ta

bl
e
1.

An
tim

ic
ro
bi
al
su
sc
ep
tib
ili
ty
of

10
0
St
ap
hy
lo
co
cc
us

au
re
us

st
ra
in
s
an
d
re
fe
re
nc
e
va
lu
es

fo
r
th
e
di
sc
-d
iff
us
io
n
m
et
ho
d

Am
ox
ic
ill
in
*

Am
ox
ic
ill
in
/

cl
av
ul
an
ic
ac
id
�

Ox
ac
ill
in
�

Ce
fa
dr
ox
il*

Ce
fu
ro
xi
m
�

Cl
in
da
m
yc
in
�

Er
yt
hr
om

yc
in
�

Ro
xi
th
ro
m
yc
in
�

Fu
si
di
ni
c
ac
id
§

S
I

R
S

I
R

S
I

R
S

I
R

S
I

R
S

I
R

S
I

R
S

I
R

S
I

R

In
hi
bi
tio
n
(m
m
)

‡2
1

15
–2
0

£
14

‡2
0

0
£
19

‡1
3

11
–1
2

£
11

‡1
8

13
–1
7

£
12

‡2
3

15
–2
2

£
14

‡2
1

15
–2
0

£
14

‡2
1

17
–2
0

£
16

‡2
1

16
–2
0

£
15

‡2
2

16
–2
1

£
15

Di
st
rib
ut
io
n
of

su
sc
ep
tib
ili
ty

(%
)

87
13

0
10
0

0
0

10
0

0
0

10
0

0
0

10
0

0
0

99
1

0
82

0
18

78
3

19
94

3
3

S,
su
sc
ep
tib
le
;I
,i
nt
er
m
ed
ia
te
ly
su
sc
ep
tib
le
;R

,r
es
is
ta
nt
.

*C
AS

FM
(F
ra
nk
re
ic
h)
,�

N
CC

LS
(U
SA

),
�D

IN
58
94
0-
2
Bb
l1
:2
00
0–
20
01
,§
Bg
VV

(G
er
m
an

Fe
de
ra
lI
ns
tit
ut
e
fo
r
Co
ns
um

er
He
al
th

Pr
ot
ec
tio
n)
.

S. aureus in children with AD

475



resistant against the combination of amoxicillin
plus the penicillinase-inhibitor clavulanic acid.
Similarly, we observed no resistance against
oxacillin, cefadroxil and cefuroxim and clinda-
mycin; only one of the strains was merely
intermediately susceptible to the latter.

Discussion

Our study confirms previous findings of a high
prevalence of S. aureus skin colonization in
children with AD (1, 2). We found a high rate
of primary macrolide resistance among colon-
izing S. aureus strains which were however fully
susceptible to penicillase-stable b-lactame antibi-
otics, cefadroxil and clindamycin.
In spite of growing concern about rising

resistance rates, erythromycin is still one of the
mainstays of therapy for this indication (4, 14,
15). Recent reports from worldwide antimicro-
bial surveillance programmes indicated that
between 49 (USA, 16), 38 (Europe, 17) and
24% (Asia, 18) of all S. aureus strains are now
resistant to erythromycin. In a German study
published in 1998 (19), 26% of S. aureus strains
isolated in dermatological patients were erythro-
mycin-resistant. Higher rates or resistance in
these studies when compared with ours is prob-
ably attributable to the fact that all of these
studies included (mainly or exclusively) hospital-
ized patients, where rates of antimicrobial resist-
ance are notoriously higher owing to increased
�selection pressure�. Data for children with AD
were not available so far.
High rates of erythromycin resistance are

particularly relevant to skin and soft tissue
infections in children: not only are Gram-positive
infections in children more common than in
adults (18); erythromycin is frequently prescribed

for paediatric respiratory tract infections, and
primary resistance to erythromycin is thus nearly
twice as common in S. aureus strains isolated
from children than those isolated from adults
(18).
Topical therapy of bacterial skin infections

offers potential advantages over systemic therapy
such as absence of systemic side-effects and
reduced cost. However, recurrence rates are more
than twice as high in topically treated impetigo
(20). Furthermore, topical therapy promotes the
development of resistant strains. Resistance rates
against fusidic acid are directly proportional to the
amount of ointment sold; they have increased in
some counties from 0 to 25% over the past years
(21). We attribute the comparatively low rate of
6% intermediately sensitive or resistant S. aureus
strains to the fact that fusidic acid is not (yet) used
extensively in our study population; high levels of
resistance (up to 78% of inpatients with AD) were
recently reported from the UK (22). Fusidic acid,
when given orally, is used as a second-line antibi-
otic against severe staphylococcal infections;
increasing topical use of this agent would thus
severely restrict its effectiveness in these situations.
Finally, the possibility of severe post-streptococ-
cal diseases such as glomerulonephritis following
streptococcal impetigo should warrant oral ther-
apy as the standard treatment of impetigo (23).
In view of the increasing incidence of strepto-

coccal skin infections among children in general
(18) – and in children with AD in particular (18)
– oral antimicrobial agents with a predominant
activity against these Gram-positive bacteria are
required. Oxacillin and flucloxacillin are fre-
quently recommended in textbooks as first-line
therapy for children with AD and bacterial
infections (15). Although highly active against
S. aureus, they have only limited activity against
streptococci and can thus not be recommended
for safe coverage of both microorganism (24):
Furthermore, increasing rates of methicillin-
resistant S. aureus MRSA were observed during
flucloxacillin therapy (23). Antibiotics, which
fulfill the criteria cited above and that, are
licensed for children are amoxicillin/clavulanate,
clindamycin and first (or second) generation
cephalosporins such as cefadroxil or cefuroxim,
respectively. In our study, no strain was resistant
against any of these agents (only one strain
revealed intermediate sensitivity against clinda-
mycin). In recent antimicrobial susceptibility
surveys, only 3% of S. aureus strains (and none
of the ß-haemolytic streptococci) were resistant
against amoxicillin/clavulanate (17, 18), but up
to 16% of S. aureus and 10% of S. pyogenes were
resistant to clindamycin (16); again, it has to be
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Fig. 1. Skin colonizing Staphylococcus aureus in children
with atopic dermatitis: antimicrobial resistance patterns.
Strains (n ¼ 100) isolated from 115 children. Bright bars ¼
intermediate susceptibility, dark bars ¼ resistance.
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pointed out that these studies involved hospital-
ized patients. Only limited data are available for
first and second generation cephalosporines. No
resistance against cephalexine was observed in
190 cases of skin infections caused by S. aureus
and in 47 such infections caused by S. pyogenes
(18); resistance of S. aureus against cefazoline
was observed in 16% (16).
Amoxicillin/clavulanate covers Gram-positive

as well as many Gram-negative strains; clinda-
mycin is active against a variety of anaerobic
bacteria (24). Gastrointestinal side-effects are
therefore frequently associated with the use of
both antibiotics. However, broad coverage is
not required in case of AD, since S. aureus and
S. pyogenes are the only bacterial microorganism
causing skin and soft tissue infections or contri-
buting to exacerbations of AD (1, 2, 9, 15).
First generation cephalosporins such as cefadr-

oxil are therefore particularly suitable for the
treatment of flare-ups of AD associated with
bacterial infections. Their antimicrobial spectrum
is restricted to Gram-positive bacteria (including
most penicillinase-producing S. aureus strains)
and a limited number of Gram-negative strains
such as Haemophilus influenzae (24). Therefore,
and also because of its good intestinal absorption,
the rate of gastrointestinal side-effects is much
lower than with amoxicillin. Finally, their long
serum half-life allows for once or twice daily
therapy (as opposed to three to four applications
with amoxicillin).

References

1. Higaki S, Morohashi M, Yamagishi T, Hasegawa Y.
Comparative study of staphylococci from the skin of
atopic dermatitis patients and from healthy subjects. Int
J Dermatol 1999: 38: 265–9.

2. Hoeger PH, Lenz W, Boutonnier A, Fournier JM.
Staphylococcal skin colonization in children with atopic
dermatitis: prevalence, persistence, and transmission of
toxigenic and non-toxigenic strains. J Infect Dis 1992:
165: 1064–8.

3. Hare R, Cooke EM. Self-contamination of patients
with staphylococcal infections. Br Med J 1961: 2: 333–6.

4. Leyden JJ, Marples RR, Kligman AM. Staphylococ-
cus aureus in the lesions of atopic dermatitis. Br J
Dermatol 1974: 90: 525–30.

5. Cho SH, Strickland I, BoguniewiczM, LeungDYM.
Fibronectin and fibrinogen contribute to the enhanced
binding of Staphylococcus aureus to atopic skin. J Am
Acad Dermatol 2001: 108: 269–74.

6. David TJ, Cambridge GC. Bacterial infections and
atopic eczema. Arch Dis Child 1986: 61: 20–3.

7. Boiko S, Kaufman RA, Lucky AW. Osteomyelitis of
the distal phalanges in three children with severe atopic
dermatitis. Arch Dermatol 1988: 124: 418–23.

8. Onoda K, Mizutani H, Komada T, et al. Atopic der-
matitis as a risk factor for acute native valve endocar-
ditis. J Heart Valve Dis 2000: 9: 469–71.

9. Hoeger PH, Ganschow R, Finger G. Staphylococcal
septicemia in children with atopic dermatitis. Pediatr
Dermatol 2000: 17: 111–4.

10. Hoeger PH, Elsner P. Staphylococcal scalded skin
syndrome: transmission of exfoliatin-producing Sta-
phylococcus aureus by an asymptomatic carrier. Pediatr
Infect Dis J 1988: 7: 340–2.

11. Hanifin JM, Rajka G. Diagnostic features of atopic
dermatitis. Acta Derm Venereol (Stockh) 1980: (Suppl.
92): 44–7.

12. European Task Force on Atopic Dermatitis. Severity
scoring of atopic dermatitis: the SCORAD index. Der-
matology 1993: 186: 23–31.

13. National Committee for Clinical Laboratory Standards.
Approved Standard: M2-A4. Performance Standards
for Antimicrobial Disk Susceptibility Tests, 4th edn.
Villanova PA: National Committee for Clinical
Laboratory Standards 1992: 10.

14. Salo OP, Gordin A, Brandt H, Antikainen R.
Efficacy and tolerability of erythromycin acistrate
and erythromycin stearate in acute skin infections of
patients with atopic eczema. J Antimicrob Chemother
1988: 21 (Suppl. D): 101–6.

15. Holden CA, Parish WE. Atopic dermatitis. In:
Champion RH, Burton JL, Burns DA, Breathnach
SM, eds. Textbook of Dermatology, 6th edn. Oxford:
Blackwell Science 1998: 705.

16. DoernGV,JonesRN,PfallerMA,KuglerKC,Beach
ML, the SENTRY Study Group (North America). Bac-
terial pathogens isolated from patients with skin and soft
tissue infections: frequency of occurrence and antimicro-
bial susceptibility patterns from the SENTRY antimi-
crobial surveillance program (United States and Canada,
1997). DiagnMicrobiol Infect Dis 1999: 34: 65–72.

17. Jones ME, Schmitz FJ, Fluit AC, Acar J, Gupta R,
Verhoef J. Frequency of occurence and antimicrobial
susceptibility of bacterial pathogens associated with
skin and soft tissue infections during 1997 from an In-
ternation Surveillance Programme the SENTRY Par-
ticipants Group. Eur J Clin Microbiol Infect Dis 1999:
18: 403–8.

18. Sugeng MW, Ang P, Tan HH, Goh CL. Characteris-
tics of bacterial skin infections in children compared to
adults at a tertiary dermatologic center. Int J Dermatol
1999: 38: 582–6.

19. Korting HC, Neubert U, Abeck D. Current anti-
microbial susceptibility of cutaneous bacteria to first line
antibiotics. Int J Antimicrob Agents 1998: 10: 165–8.

20. Adachi J, Endo K, Fujuzumi T, Tanigawa N, Aoki T.
Increasing incidence of streptococcal impetigo in atopic
dermatitis. J Dermatol Sci 1998: 17: 45–53.

21. Ravencroft JC, Layton A, Barnham M. Observa-
tions on high levels of fusidic acid resistant Staphylo-
coccus aureus in Harrogate, North Yorkshire, UK. Clin
Exp Dermatol 2000: 25: 327–30.

22. Shah M, Mohanraj M. High levels of fusidic acid-
resistant Staphylococcus aureus in dermatology patients.
Br J Dermatol 2003: 148: 1018–20.

23. Carapetis JR, Currie BJ. Group A Streptococcus, pyo-
derma, and rheumatic fever. Lancet 1996: 347: 1271–2.

24. Simon C. Oralcephalosporine der Cefalexin-Gruppe. In:
Simon C, Stille W, eds. Antibiotika-Therapie, 10th
edn. Stuttgart: Schattauer Verlag 2000: 92–4.

25. Ewing CI, Ashcroft C, Gibbs ACC, Jones GA,
Connor PJ, David TJ. Flucloxacillin in the treatment
of atopic dermatitis. Br J Dermatol 1998: 138: 1022–9.

S. aureus in children with AD

477


