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Staphylococcal Skin Colonization in Children with Atopic Dermatitis:
Prevalence, Persistence, and Transmission of Toxigenic and Nontoxigenic Strains

Peter H. Hoeger, Wolfgang Lenz, Alain Boutonnier,
and Jean-Michel Fournier

Division of Clinical Immunology, Department of Pediatrics, University of
Hamburg; Department of Medical Microbiology, National Reference
Laboratory for Staphylococcal Lysotypy, University of Bonn, Germany;
Department of Ecology, Pasteur Institute, Paris, France

Staphylococcal skin colonization is a common feature of atopic dermatitis (AD) in adults.
Little is known about prevalence and persistence of staphylococci in children. Forty-one AD
children (mean age, 70 months) and 41 age-matched controls were studied. S. aureus was isolated
from 38 AD patients (93%; 32% of controls, P < .001) and 37% of AD patients (5% of controls, P
< .001) harbored toxigenic (enterotoxins, toxic shock syndrome toxin) S. aureus strains. No
individual biotype prevailed. On follow-up (mean interval, 9 months), 70% of S. aureus strains
were reisolated. Nasal and cutaneous S. aureus strains were identical in 73% of AD patients (7%
of controls, P < .001), reflecting increased self-contamination. Identical staphylococcal strains in
AD children and their mothers were observed in 38% (S. aureus) and 16% (coagulase-negative
strains; P < .001). The prevalence of staphylococcal colonization in AD children is comparable
to that in adults. High rates of self-contamination, transmission to contacts, and prevalence of
toxigenic strains in AD children may have clinical and epidemiologic implications.

The association of staphylococcal colonization and atopic
dermatitis (AD) in adults has been a focus of interest for
many years [1]. Staphylococcus aureus can be isolated from
90%—100% of adults with AD. Bacterial colonization is fa-
vored by hyper- and dyskeratosis, increased transepidermal
loss of water, and dysregulation of sweat and sebaceous
glands [2, 3] as well as by local immunologic defects inherent
to AD, such as depressed polymorphonuclear leukocyte
(PMNL) chemotaxis [4]. Minor staphylococcal skin infec-
tions are often observed in AD patients [5-7]. Furthermore,
chronic staphylococcal colonization may act as an unspecific
stimulus to IgE synthesis [8] or may activate neutrophil oxi-
dative metabolism [9]. Transmission of pathogenic S. aureus
strains by S. aureus—carrying AD patients has been reported
[10-12].

In the present study, we analyzed the staphylococcal col-
onization rate in AD children compared with unaffected age-
matched controls. We were particularly interested in the
prevalence of toxigenic S. aureus strains (staphylococcal en-
terotoxins [SE] A-D, toxic shock syndrome toxin [TSST] I,
exfoliative toxins [ET] A and B), which may cause severe
systemic infections, and of individual capsuiar polysaccha-

Received 7 October 1991; revised 27 January 1992.

Presented in part: 8th annual meeting of the European Society for Pediat-
ric Infectious Diseases, Gothenburg, Sweden, May 1990.

Parents of study subjects gave informed consent.

Grant support: German Ministry of Health.

Reprints or correspondence (present address): Dr. Peter H. Hoeger. Divi-
sion of Immunology, Boston Children’s Hospital, 300 Longwood Ave., Bos-
ton, MA 02115.

The Journal of Infectious Diseases 1992;165:1064-8
© 1992 by The University of Chicago. All rights reserved.
0022-1899/92/6506-0012301.00

ride types, which may act as virulence factors for S. aureus
[13]. We also analyzed the transmission of staphylococci
from AD patients to close contacts (mothers) and among
different sites on the patient’s own skin surface (self-contami-
nation) [11].

Materials and Methods

Patients and controls. Forty-one children (caucasians; 25
boys and 16 girls) 3 months to 16 years old (mean, 70 months;
median, 64 months) presenting with AD at the outpatient clinic
of the Department of Pediatrics, University of Hamburg, were
included in this study. AD was diagnosed according to standard
criteria [ 14] and rated as to extent and severity of skin lesions on
a 1-5 scale [4]. The mean score for extent of skin lesions was 2.4
(range, 1-5; median, 2.5) and for severity was 2.8 (range, 1-5;
median, 3.0). Patients receiving topical or systemic immunosup-
pressive or antibiotic treatment within the 4 weeks (topical corti-
sole, 2 weeks) preceding the examination date were excluded.
Of the 41 patients, 20 were followed for a mean of 9 months.
Nose swabs and skin contact samples were obtained for culture
from 28 mothers of AD patients. Forty-one age-matched chil-
dren seen at our outpatient clinic for assessment of cardiac func-
tion or presumed growth disorders or for preoperative examina-
tion served as controls.

Bacteriologic sampling and sample processing. Nose swabs
were taken from both nares with sterile cotton tips. For assess-
ment of cutaneous staphylococcal colonization, 8.5 X 5.5 cm?
peptone-sheep blood agar slides (Biotest Hycon, Frankfurt/
Main, Germany) were applied 1o eczematous and unaffected
skin regions. Cultures of nose swabs (in nutrient broth) and con-
tact slides were grown overnight (37°C in 5% CO,). The strains
were subcultured on Columbia blood agar (Biotest). Staphylo-
coccal species were tested for coagulase activity using rabbit
plasma (Difco, Detroit) and identified according to their fer-
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mentative characteristics by using a panel of carbohydrate and
other substrates (API-STAPH, Montalieu-Vercieu, France). An-
tibiotic susceptibility was assessed with the Kirby-Bauer disk-dif-
fusion test.

Phage-typing. S. aureus strains were phage typed using the
International Phage Set and additional phages as described be-
fore [15]. Identity of S. aureus strains was assumed when they
exhibited the same phage and capsular polysaccharide types and
gave identical biochemical reactions and antibiotic susceptibil-
ity patterns. Coagulase-negative strains were identified by the
latter two methods alone.

Capsular polysaccharide typing. S. aureus strains were ana-
lyzed for capsular polysaccharide (CP) types 5 and 8 in a two-
step ELISA using type-specific monoclonal antibodies (clones
J-1 and K-10/2) as described previously [16].

Detection of staphylococcal exotoxins. S. aureus strains were
assayed for production of SEA-SED, ETA, ETB, and TSST-1 as
described previously [17, 18]. The following toxigenic S. aureus
strains were used as references: FRI-1169 for TSST-1, FRI-100
for SEA, S-6 for SEB, 1151-M for SED (all provided by M. S.
Bergdoll, Food Research Institute, Madison, WI), PC7 for ETA,
PC75 for ETB (both provided by P. Elsner, University of
Wiirzburg, Germany), and 475 for SEC. Specific antibodies
were raised by immunizing chinchilla rabbits with toxins, fol-
lowed by affinity purification. Culture supernatants were
screened for exotoxin production in a biotin-avidin ELISA sys-
tem (for SEA-SED and TSST-1) or by double immunodiffusion
(for ETA and ETB).

Statistical analysis. Statistical significance was analyzed
with Student’s 7 test and the x2 test with Yates’s correction
where indicated.

Results

Prevalence of staphylococcal species. The prevalences of
S. aureus and of coagulase-negative staphylococci on the na-
sal mucosa and the unaffected and eczematous (respectively)
skin of AD patients and controls are shown in figure 1. The
overall prevalence rate (nose and skin) of S. aureus was 93%
in AD patients and 32% in age-matched controls (P < .001).
While S. aureus predominated in AD patients, coagulase-
negative strains prevailed in healthy control children; the
difference of nasal colonization between groups was statisti-
cally significant (P < .05). According to the results of phage
typing, fermentative characteristics, CP type, and antibiotic
sensitivity patterns, no individual S. aureus or coagulase-
negative strain prevailed in AD patients. CP typing of S.
aureus strains isolated from AD patients revealed that 15%
(20% of controls) were CP type 5, 53% (67% of controls) were
CP type 8, and 32% (13% of controls) were nontypeable,
indicating they possessed other CP types or were CP-negative
(differences not significant).

Correlation of nose and skin cultures. 1dentical S. aureus
strains were isolated from nose swabs and skin contact speci-
mens in 73% of AD patients and 7% of controls (P < .001;
figure 2). For coagulase-negative staphylococci the nose-to-
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skin correlation rate of strains was not different between pa-
tients and controls.

Persistence of staphylococci.  On follow-up, 17 (57%) of
30 S. aureus strains persisted in 14 (70%) of 20 AD patients
compared with 13 (18%) of 74 S. epidermidis strains (P <
.001) in 10 (50%) of 20 AD patients (not significant). Persis-
tence of S. aureus strains was independent of phage group or
CP type. In 6 of 14 patients, spread of S. aureus from nose,
eczematous skin regions, or both to unaffected or eczema-
tous skin regions was observed, reflecting self-contamination
[11]. During follow-up, afebrile, superficial skin infections
(characterized by small pustules, crusting, and increased pru-
ritus [5, 6, 8]) were observed in 7 (35%) of 20 AD patients
and staphylococcal conjunctivitis in 1 (5%) of 20. One pa-
tient had a systemic staphylococcal infection (septicemia).
Toxin-associated diseases (e.g., toxic shock syndrome, enter-
otoxin-associated diarrhea, or staphylococcal scalded skin
syndrome) were not observed.

Intrafamiliar transmission of staphylococci.  Thirty-eight
percent of the S. aureus strains but only 16% of the coagu-
lase-negative strains were transmitted between AD patients
and their mothers (P < .001; table 1). In most cases, isolation
of the strains from AD patients preceded the isolation from
their mothers. According to phage and CP typing results, no
individual biotype prevailed among the transmitted strains.

Prevalence of toxigenic strains. Toxigenic S. aureus
strains were found significantly more frequently in AD pa-
tients than in controls (P < .001; table 2). Taking into ac-
count the higher overall carrier rate of S. aureus in AD pa-
tients, the proportion of toxigenic strains among all S. aureus
isolates in the AD patient group was not increased, however.

Discussion

Staphylococcal colonization is a constant phenomenon in
AD and is independent of age. The S. aureus carriage rate of
93% we observed in children with AD lies within the range
reported for adult AD patients [1, 12, 19]. While S. aureus
colonization is found only transiently in healthy controls
[20], 70% of our patients were persistently colonized with
individual S. aureus strains. Eczematous hyperkeratinization
seems to be an important cofactor for the high rate of staphy-
lococcal colonization [20-22], but it does not explain the
high prevalence of S. aureus on the unaffected skin and nasal
mucosa of our AD patients (figure 1A). The prevalence of
particular (and possibly particularly adapted) S. awreus
strains in AD [23] and increased expression of adhesins such
as lipoteichoic acid [20, 24, 25] and protein A [22] by S.
aureus have been suggested. While we did not specifically
address the question of adhesins, our phage typing results do
not support the existence of any predominant biotype, nor
did a previous report [26]. The questions of a specific epithe-
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Figure 1. Prevalence of Staphylococcus
aureus (A) and coagulase-negative staphy-
lococci (B) in atopic dermatitis patients

(P) and controls (C). *, P < .05: ™, P <
.001.

Positive (%)

lial receptor [21] or the expression of particular staphylococ-
cal adhesins in AD deserve further study [25].

The relative distribution of CP types in our patients (63%
of S. aureus strains positive for CP types 5 or 8) is similar to
that for other clinical isolates [13]. By inhibiting phagocyto-
sis, CPs are important virulence factors for S. aureus [13]. On
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Figure 2. Correlation of staphylococcal nose and skin coloniza-
tion in atopic dermatitis patients (P) and controls (C) (P < .001).
Symbols for individual Staphylococcus aureus and coagulase-nega-
tive staphylococcal strains are same as in figure 1.
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the epithelial surfaces of AD patients, they might interfere
with normal PMNL activity and thus facilitate staphylococ-
cal persistence.

In contrast to the proliferation of S. aureus, there seems to
be no predilection for coagulase-negative staphylococci in
AD. The coagulase-negative staphylococci isolated from our
patients (figure 1B) and those reported in previous studies
[19, 23, 26] form part of the normal skin flora {27]. Their
colonization density (~10%cm? data not shown) equals
that of healthy controls {19, 23, 26], whereas S. aureus ex-
hibits average colonization densities of >10° cfu/cm* in AD
[8, 12, 19]. Its higher colonization density may be an im-
portant cofactor for the increased rates of persistence and
transmission to contacts (table 1) and the more generalized
colonization (figure 2) of S. aureus compared with coagu-
lase-negative staphylococci. Furthermore, colonization den-
sity of S. aureus, but not of coagulase-negative staphylococci,
has been found to correlate with clinical severity of AD [28].

The phenomenon of staphylococcal colonization in AD
has important implications both for the patient and for his or
her environment: For the patient, chronic colonization with
S. aureus represents a risk factor for the development of puru-
lent skin or even systemic infections [5-7]. Although overt
bacterial infections are rarely observed in AD patients, stud-
ies in adults [5, 8, 12] and children [6, 7] revealed minor
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staphylococcal skin infections in about 30%-40%. This is in
accordance with our own observations. The absence of se-
vere or systemic infections in most AD patients may be re-
lated to enhanced PMNL oxidative metabolism [9] or in-
creased cell-mediated immune responses to staphylococcal
antigens [29] in AD.

Similarly, the absence of toxin-associated symptoms de-
spite the high carriage rate of toxigenic strains could be ex-
plained by the high rate of preformed antitoxic antibodies
observed in the population [30, 31]. It remains to be estab-
lished whether staphylococcal toxins may indirectly contrib-
ute to skin damage in AD through their major histocompati-
bility complex—mediated stimulatory effect on T cells [32].

For the environment, AD patients are sources of poten-
tially pathogenic microorganisms. Colonizing staphylococci
(mainly S. aureus) tend to spread from eczematous skin re-
gions all over the body surface (self-contamination) [11]. In
contrast to previously held views [8], our results (figure 2)
demonstrate that generalized skin colonization with S. aur-
eus is common in AD children too. Since nearly 100% of AD
patients are S. aureus carriers, with a high colonization den-
sity, it is not surprising that these microorganisms are often
transmitted to contacts or to the inanimate environment
[10-12]. Our data suggest that at least 38% of our AD pa-
tients transmitted S. aureus strains to their mothers (table 1).

The high prevalence of toxigenic S. aureus strains in our
AD patients (37% vs. 5% of controls) is of particular impor-
tance (table 2). Outbreaks of staphylococcal toxin disease
(such as enterotoxin-induced diarrhea or exfoliatin-induced

Table 1. Transmission of staphylococci between atopic dermati-
tis patients and their mothers.

No. of strains in mothers/
no. of strains in children

Strains (n = 28 pairs) Correlation rate
Staphylococcus aureus
Phage group II* 4/6
Phage group HI* 6/9
Mixed phage groups* 5/20 22%/58% (38%)
Additional phage types* 5/15
Nontypeable 2/8
Coagulase-negative
staphylococci
Staphvylococcus
epidermidis 31/111
Staphylococcus
haemolyticus 0/34 32/204 (16%)
Staphylococcus hominis 0/36
Others 1/23

* Typing with the International Phage Set (IPS).

t Phages not included in IPS.

*Of 22 strains, 4 were toxigenic (staphylococcal enterotoxin C) (non-
transmitted strains, 10/36; difference not significant).

¥ P<.001 (for difference of correlation rates between S. aureus and coagu-
lase-negative staphylococci.
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Table 2. Prevalence of toxigenic staphylococci in atopic dermati-
tis patients and controls.

No. (%)
Patients Controls
(n=41) (n=41) P
Persons with Staphylococcus
aureus 38(93) 13 (32) <.001
Persons with toxigenic
S. aureus 15(37) 2(5) <.001
Absolute no. of toxigenic
S. aureus strains 18%/61 (30) 21/15(13) NS

NOTE. NS, not significant.

* Staphylococcal enterotoxin (SE) A (7); SEC (4); SEA + SEB, SEA +
SEB + SEC + SED, SEB + SEC (1 each); SEC + exfoliative toxin A (1);
toxic shock syndrome toxin 1 (3).

tSEA + SEB (1); SEC (1).

staphylococcal scalded skin syndrome) have been traced to
S. aureus—carrying AD patients [10, 12]. In contrast to a
previous report from Utah [31], where TSST-1 was the most
commonly identified toxin among asymptomatic children,
we observed a predominance of staphylococcal enterotoxins.
The overall carrier rates of toxigenic S. aureus strains in
healthy children (9.5% in [32]) was comparable to our results
(13%). However, the increased rate of carriers of toxigenic S.
aureus strains among AD patients does not represent a spe-
cific selection of toxigenic strains in AD but reflects the
higher total number of S. aureus strains isolated (table 2).

To eliminate staphylococcal colonization, systemic [1, 6,
7] or topical [12, 33] antibiotic therapy has been attempted
in cases of AD. In some it was temporarily accompanied by
clinical improvement of the atopic eczema [6, 7]. Recently
Lever et al. [33] reported significant reduction of the S. aur-
eus bacterial count in AD after 14 days of topical treatment
with mupirocin, but recolonization occurred immediately
after termination of therapy. Hence, apart from side effects
such as cutaneous sensitization or development of resistance,
the efficacy of antibiotic therapy for the elimination of
chronic cutaneous staphylococcal colonization is question-
able. Since dryness of the skin and hyperkeratinization are
important cofactors of staphylococcal adherence, future stud-
ies should address the effect of consequent skin care on the
staphylococcal flora in AD. Another approach could be the
blockade of epidermal staphylococcal receptors.

Acknowledgments

We thank Gerlinde Haeuser and Petra Wolf (Hamburg) and
Armgard Viebahn and Monika Eschbach (Bonn) for technical
assistance and Christoph Schroeder and Bodo Niggemann
(Hamburg) for assistance in data collection.

GTOZ ‘g 1sNBNYy Uo A1SIeAIUN D1UR 1Y epLIO|H T /610°S feuIno[pioyxopil/:dny wouy pepeojumoq


http://jid.oxfordjournals.org/

1068

References

1.

Andersen EK, Heilesen B. On the occurrence and typing of Stapii ylococ-
cus pyogenes in weeping eczema (and the role played by these bacte-
ria in the pathogenesis and course of eczema). Acta Derm Venereol
(Stockh) 1951;31:679-703.

. Finley AY, Nicholls 8, King CS, Marks R. The dry noneczematous skin

associated with atopic dermatitis. Br ] Dermatol 1980;102:249-56.

. Wirth H, Gloor M, Stoika D. On the sebaceous glands of uninvolved

skin of patients suffering from atopic dermatitis. Arch Dermatol Res
1981;270:167-9.

. Rogge JL. Hanifin JM. Immunodeficiencies in severe dermatitis: de-

pressed chemotaxis and lymphocyte transformation. Arch Dermatol
1976;112:1391-6.

. Hanifin JM, Rogge JL. Staphylococcal infections in patients with

atopic dermatitis. Arch Dermatol 1977;113:1383-6.

. David TJ, Cambridge GC. Bacterial infection and atopic eczema. Arch

Dis Child 1986:61:20-3.

. Ventura A, Ciana G, Florean P, Longo F, Longo G. The effect of

bacterial infection in the worsening of atopic dermatitis: correlations
with humoral immunologic patterns. Ann Allergy 1989;63:121-6.

. Hanifin JM, Homburger HA. Staphylococcal colonization, infection,

and atopic dermatitis—association not etiology. J Allergy Clin Im-
munol 1986;78:563-5.

. Hoeger PH. Niggemann B, Schroeder C. Enhanced basal and stimu-

lated PMN-chemiluminescence activity in children with atopic der-
matitis: stimulatory role of colonizing staphylococci? Acta Paediatr
Scand 1992 (in press).

. Hoeger PH, Elsner P. Staphylococcal scalded skin syndrome: transmis-

sion of exfoliatin-producing Staphylococcus aureus by an asymptom-
atic carrier. Pediatr Infect Dis J 1988;7:340-2.

. Hare R, Cooke EM. Self-contamination of patients with staphylococcal

infections. Br Med J 1961;2:333-6.

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

lesions of atopic dermatitis. Br J Dermatol 1974;90:525-30.

. Fournier JM. Capsular polysaccharides of Staphylococcus aureus. In:

Wadstrdm T, Eliasson 1, Holder I, Ljungh A, eds. Pathogenesis of
wound and biomaterial-associated infections. Berlin: Springer Ver-
lag, 1990:533-44.

. Hanifin JM, Rajka G. Diagnostic features of atopic dermatitis. Acta

Derm Venereol Suppl (Stockh) 1980;92:44-7.

. Lenz W, Brandis H. Die Bedeutung der Lysotypie bei Krankenhausin-

fektionen durch Staphylococcus aureus. Hyg Med 1985;10:227-38.

. Boutonnier A, Nato F, Bouvet A, et al. Direct testing of blood cultures

for detection of the serotype 5 and 8 capsular polysaccharides of
Staphylococcus aureus. J Clin Microbiol 1989;27:989-93.

. Pickenhahn P, Lenz W, Schaal KP. Comparison of two newly devel-

Hoeger et al.

20.

21.

22.
23.

24

25.

26.

27.

28.

29.

30.

31

32

33.

JID 1992:165 (June)

oped forms of an enzyme-linked immunosorbent assay for the detec-
tion of staphylococcal toxic shock syndrome toxin-1 (TSST-1). Zen-
tralbl Bakteriol Hyg A 1987;267:206-17.

. Hahn IF, Pickenhahn P, Lenz W, Brandis H. An avidin-biotin ELISA

for the detection of staphylococcal enterotoxins A and B. J Immunol
Methods 1986;92:25-9.

. Bibel DJ, Greenberg JH, Cook JL. Staphylococcus aureus and the

microbial ecology of atopic dermatitis. Can J Microbiol 1977;23:
1062-8.

Dahl MW. Staphylococcus aureus and atopic dermatitis. Arch Dermatol
1986;119:840-6.

Bibel DJ, Aly R, Shinefield HR, Maibach HI, Strauss WG. Importance
of the keratinized epithelial cell in bacterial adherence. J Invest Der-
matol 1982;79:250-3.

Cole GW, Silverberg NL. The adherence of Staphylococcus aureus to
human corneocytes. Arch Dermatol 1986;122:166-9.

Aly R, Maibach HI, Shinefield HR. Microbial flora of atopic dermatitis.
Arch Dermatol 1977;113:780-2.

Aly R, Shinefield HR, Litz C, et al. Role of teichoic acid in the binding
of Staphylococcus aureus to nasal epithelial cells. J Infect Dis
1980;141:463-5.

Feingold DS. Bacterial adherence, colonization and pathogenicity.
Arch Dermatol 1986;122:161-5.

Gloor M, Peters G, Stoika D. On the resident aerobic bacterial skin flora
in unaffected skin of patients with atopic dermatitis and in healthy
controls. Dermatologica 1982;164:258-65.

Kloos WE. Natural populations of the genus Staphylococcus. Ann Rev
Microbiol 1980;34:559-92.

Williams REA, Gibson AG, Aitchison TC, Lever R, Mackie RM. As-
sessment of a contact-plate sampling technique and subsequent
quantitative bacterial studies in atopic dermatitis. Br J Dermatol
1990;123:493-501.

Higaki Y, Hauser C, Rilliet A, Saurat JH. Increased in vitro cell-me-
diated immune response to staphylococcal antigens in atopic derma-
titis. J Am Acad Dermato! 1986;15:1204-9.

Melish ME, Chen FS, Sprouse S, Stuckey M, Murata MS. Epidermoly-
tic toxin in staphylococcal infection: toxin levels and host response.
Zentralbl Bakteriol Suppl 1981;10:287-98.

Jacobson JA, Kasworm EM, Bolte RG, Cornell HM. Prevalence of
nasal carriage of toxigenic Staphylococcus aureus and antibody to
toxic shock syndrome toxin | in Utah children. Rev Infect Dis
1989;11(suppl 1):8324-5.

Marrack P, Blackman M, Kushnir E, Kappler J. The toxicity of staphy-
lococcal enterotoxin B in mice is mediated by T-cells. J Exp Med
1990;171:455-64.

Lever R, Hadley K, Downey D, Mackie R. Staphylococcal colonization
in atopic dermatitis and the effect of topical mupirocin therapy. BrJ
Dermatol 1988;119:189-98.

GTOZ ‘g 1sNBNYy Uo A1SIeAIUN D1UR 1Y epLIO|H T /610°S feuIno[pioyxopil/:dny wouy pepeojumoq


http://jid.oxfordjournals.org/



