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Abstract

Background: In atopic eczema (AE), skin colonization
with Staphylococcus aureus is known to play a major
triggering and possibly pathophysiological role. Meth-
ods: In this open-labeled controlled side-to-side compar-
ative trial, affected sites (flexures of both elbows} in 15
patients diagnosed as having generalized or localized AE
were evaluated regarding S. aureus colonization and
clinical severity of AE over a 2-week period. Flexures of
the elbows were covered with silver-coated textiles on
one arm and cotton on the other for 7 days followed by a
7-day control period. Resufts: A highly significant de-
crease in S. aureus colonization could be seen on the site
covered by the silver-coated textile already 2 days after
initiation lasting until the end of the treatment. Seven
days after cessation, S. aureus density remained signifi-
cantly lower compared to baseline. In addition, signifi-
cantly lower numbers of S. aureus were observed on the
silver-coated textile site in comparison to cotton at the
end of treatment as well as at the time point of control.
Clinical improvement correlated with the reduction of

S. aureus colonization. Conclusi
ment achieved by silver-coated

tiles paralleled a potent anti-S.-a
Bt e )

Introduction

Staphylococcus aureus is reco
triggering factor for maintenang
and acute exacerbations of the
skin disease atopic eczema (AH
colonization is associated with di
knowledge of the pathophysiolog
AE has increased during the rec
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enized as an important
¢ of skin inflammation
genetically determined
) [1, 2]. The degree of
scase severity [3-5]. The
ical role of 8. aureus in
ent years. The organism

produces a variety of immunomodulatory toxins with

superantigenic properties like th
phvlococcal enterotoxins A-E as

e well-characterized sta-
well as the toxic shock

syndrome toxin 1 [6]. In addition, S. aureus produces a

variety of enzymes with direct ¢
several hazardous toxins (Includi

cll-damaging properties,
ng hemolysins and exfo-

liative toxins) as well as clabordte defense mechanisms
against the majority of currently ised antimicrobial drugs

[7-9]. Although there is a contro

versial discussion about

topical glucocorticoid and antibigtic combination, antibi-
otic as well as antiseptic substandes of good antistaphylo-
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coceal activity have been well established and are success-
fullv used for the treatment of AE. By reduction of S. au-
reuts density they are able to contribute to the anti-inflam-
matory effect of topical corticosteroids and emollients [10-
13]. Silver products have been under investigation during
recent years with special regard to wound-healing pro-
cesses. They demonstrate two key advantages: they are
broad-spectrum antibiotics and are not yet associated with
drug resistance [14]. Silver-coated materials are already
frequently used. e.g. in surgery (external fixation), urology
(catheter) or odontology [15-17]. Padycare® textiles (used
in this trial) consist of micromesh material containing
woven silver filaments with a silver content of 20% in total.
In vitro studies of these silver-coated textiles demonstrated
a significant decrease in bacteria (Staphylococcus aureus
and Pseudomonas aeruginosa) as well as Candida albicans
[18]. The aim of our study was to investigate the influence
of silver-coated textiles in patients with AE with special
consideration of 5. aureus celonization.

Materials and Methods

Patients and Clinical Evaluation

Fiftecen consecutive outpaticnts clinically diagnoscd as having
generalized or localized AE [19] presenting eczematous lesions on the
flexures of both clbows were included in the study. All fulfilled the
inclusion criteria, i.c. a steroid-free interval of at least 2 weeks and no
systemic or topical antibiotic treatment within 4 wecks. The study
was performed during the months February and March with low
temperatures simplifying compliance during day and night. Local
discase severily was assessed using the local SCORAD protocol [20]
comprising the following 6 intensity items: erythema (1), cdema/
papulation (2): oozing/crusts (3); excoriations (4); lichenification (5),
and local pruritus (6). Each item was graded on a 4-point scale: 0 =
absent, 1 = mild, 2 = moderate, 3 = scvere. A total severity score was
calculated as the sum of the grading resulting in a highest possible
score of 18, Patients were instructed to wear specially designed cibow
covers for 7 days and nights in total: the left ¢clbow was covered with
pure cotton material, the right clbow with silver-coated material (Pa-
dycare; fig. 1). Duc to the diversity of the patients, different sizes of
clbow covers were used: European size 92-104-128-164 for chil-
dren, size S{mall), M{cdium) and L{arge) for adults. During the 7-day
wearing period the same c¢lbow covers — without cleaning - were
applicd during night and day and removed only while taking a show-
cr. Basic skin carc with cmollients was allowed, the paticnts’ washing
and cleaning behavior was continued as usual, After cessation of the
wearing period. a control period of 7 days followed, where no clbow
covers were applicd. Clinical cvaluation using the local SCORAD
was performed at baseline (day 0). days 2 and 7 after the onset of
wearing clbow covers as well as 7 days thereafter (day 14) for control.,
The mean age of our paticnts was 24.6 years (range 3-55 vears).

Microbiological Examinations
Bacterial solutions were collected from the affected sites of both
arms at basclinc (day 0). davs 2 and 7 as well as 7 days thercafter (day
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Fig. 1. Examplc of thc elbow covers us
clbow flexure) and cotton {left elbow flg

14) - in accordance with ¢linical cvaly
method developed by Williamson and
Perspex-lined eyvlinder (contact arca o
eczematous lesion followed by continy
with 1,000 pl of a standardized washin
Dulbeeco’s) for 1 min. The solution w
level 10-¢ using PBS buffer, and an alig
onto Columbia agar plates containing §
Niirtingen. Germany) at 37°C for 24
was performed using the Slidex Staph-K
cultures were further characterized

{BioM¢éricux). Colonization of S. aure:
the numbers of colony-forming units p
calculation of colenics per squarc centi

Statistical Analysis
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% sheep blood (BioMéricux,
h. Identification of S. aureus
it test {BioMéricux). Positive
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The Wilcoxon ranked pair test was applied for comparisons of the

5. aureus colonization (a) on silver-coa
against cotton sites (left clbow flexure)
site in comparison to bascline at differ
A significance level of p = 0.05 was chi
cocfficient was chosen for the overall
S. aureus and the clinical severity.

Results

S. aureus was isolated n all
both sites with density numb

ted sites (right elbow flexure)
as well as (b) on one affected
nt time points of cvaluation.
pscn. Spcarman’s corrclation
corrclation of the density of

of the 15 patients from
ers between 1022 and

1052 CFU/cm? on the right flexure site and between 102!
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initiation, During the treatment p
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the silver-coated textile site/rigl
and 1053 CFU/cm? on the cotto

xure site of the elbow al
eriod with elbow covers,
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Fig. 2. Bacterial colonization by 8. aureus of
affected sites covered by silver-coated tex-
tiles (right elbow flexure) at different time 0
points of cvaluation: days 0. 2, 7 and 14. Day
Results of S, qurens colonization in all 15
patients are expressed as CFU/cm?,

0 2 7

Treatment period Control period

time point of control (day 14), density numbers were
between 0 and 1049 and between 102 and 103! CFU/em?,
respectively,

At initiation, the clinical severity of right and left flex-
ure sites of the elbows was comparable: it was assessed
between 6 and 15 on the right and 3 and 13 on the left
flexure site. During the treatment period, the local severi-
ty of eczema ranged between 2 and 13 on the silver-coated
textile site/right flexure site and 4 and 14 on the cotton/
left flexure site. At control, severity scores were between 2
and 11 and between 4 and 12, respectively.

S. aureus Colonization

At baseline, no significant difference regarding the
density of S auwreus colonization could be observed.

After initiation of the trial, a constant decrease 1n
S. aureus colonization could be seen on the silver-coated
textile site (right elbow flexure). The steepest decline was
noted between dav 2 and day 7. After termination the
density numbers of 8. aureus remained constant or rose
again (a general view of S aureus colonization density
~umbers in all patients is demonstrated m fig. 2). In con-
trast, density numbers in S. aureus colonization on the
cotton site (left elbow flexure) remained nearly constant
during the course of time in all 15 patients. 1 patient being
an exception with an unsteady course of bacterial coloni-
zation (fig. 3).

Silver-Coated Textiles Reduce
Staphylococcal Colonization in
Atopic Eczema

In the statistical analysis, a hi
in S, aureus colonization could
day 2 on the silver-coated textile
day 7 and even at the time poin

ehly significant decrease
be observed already on
site (p = 0.002). Also on
of control (7 days after

termination), S. aureus density nambers remained highly

significantly (p = 0.002 and p

reduced compared to baseline (fi

= (.008, respectively)
. 4). On the other hand,

cotton treatment did not signifigantly reduce the density
of S. aureus during the whole treatment period; there was
even an increase in bacterial density. Numbers of S. au-
reus remained high on day 14, 7 days after termination of

treatment (fig. 4).

Comparison between silver-cgated textile site and cot-
ton treatment revealed a significantly lower S. aureus

colonization on day 7 (p = 0.002
control (day 14; p < 0.05) on the

and at the time point of
silver-coated textile site

(data not shown). At baseline as well as on day 2, no signif-
icant difference between the two treatment modalities

could be seen.

Clinical Evaluation — Local SCORAD
Clinical severity, expressed by local SCORAD, was

comparable between the two trea

tment arms at baseline, a

significant difference could not ble assessed.

After already 2
SCORAD could be seen on the
(right elbow flexure) in nearly al

days, a constant decrease in local

silver-coated textile site
patients and continued
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Fig. 3. Bacterial colonization by §. aureus of
affccted sites covered by cotton (left clbow
fiexure) at different time points of evalua-
tion: davs 0, 2, 7 and 14, Results of 8. aureus
colenization in all 15 paticnts are cxpressed

as CFU/em?.
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Fig. 4. Difference in S awrens density within affected silver-coated
textile sites {right clbow flexure) and cotton-covered sites {left clbow
flexure) in patients with AE during the study period (day 0 vs. days 2,
7 and 14), expressed as CFU/em?. The reduction of S aurens was
highly significant on days 2. 7 and 14 en the silver-coated textile site
{right elbow flexurc; * p< 0.01) comparced to bascline (day (). On the
cotton site, no significant reduction could be seen. O, x = Extrome
values beyond statistical analysis.
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to fall until termination of treatment (day 7). Thereafter,

the severity of cczema was assg
declined in 6 of 15 patients (fig. 3
of clinically evaluated eczema s
unchanged on the cotton site (le
and after treatment in all 15 patig

An excellent clinical responsg
coated textile site: the reduction

ssed constant in 5 and
). In contrast, the course
everity remained fairly
ft elbow flexure) during
nts (fig. 6).

was seen on the silver-
of the local SCORAD

was highly significant at all time points of evaluation

(days 2. 7 and 14) in comparison
p =0.001 and p = 0.004, respect
ton site, a slight clinical improv

with baseline (p =0.003,
vely; fig. 7). On the cot-

ement could be seen on

day 2 of evaluation without statistical significance; how-

ever, on days 7 and 14, the loca

even higher than at baseline (fig.
Comparing the two

cal evaluation on the silver-coate

flexure), reaching high statistica
and even 7 days after terminatig

data not shown).

Correlation of S. aureus Densi

The reduction of 8. qureus co
clinical improvement on the sil
significant correlation between Ig
rial density was seen only on day

treatn
SCORAD was constantly lower g

| SCORAD values were
7).

nent arms, the local
t all time points of clini-
d textile site (right elbow
1 significance on day 7
n of treatment (day 14;

ry and Local SCORAD
onization paralleled the
rer-coated textile site. A
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14 (p=0.01).
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Fig. 5. Clinical severity in affected sites cov-
cred by silver-coated textile (right clbow flex-
ure) at different time points of cvaluation:
days 0, 2, 7 and 14. Results in all 15 paticnts
arc expressed as local SCORAD values (0-
18).

Fig. 6. Clinical scverity in affected sites cov-
cred by cotton (left cthow flexure) at differ-
ent time points of cvaluation: days 0, 2, 7
and 14. Results in all 15 paticnts arc ex-
pressed as local SCORAD values (0-18).

Discussion

In the present study, a superior clinical improvement
by the use of silver-coated compared to cotton textiles
paralleled by a potent anti-S.-aureus efficacy was demon-

strated.

Silver-coated textiles induced a highly significant re-
duction of S. qureus already 2 davs after initiation of tex-
tile treatment and lasted throughout the whole therapy
phase. Even 7 days after cessation, S. aureis density was

Silver-Coated Textiles Reduce
Staphylococcal Colonization in
Atopic Eczema
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significantly lower compared to
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The mechanisms of the antibg
ions arce not vet fully understood.
a detachment of the cvtoplasm m
rial cell wall. The existence of eler
in the electron-dense granules an
antibacterial mechanism of silve
DNA replication and protein i

baseline. The reduction
reduction of clinical se-

acterial activity of silver
Silver ions seem 1o cause
embrane from the bacte-
nents of silver and sulfur
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I by loss of the ability of
nactivation after Ag(+)
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Fig. 7. Clinical cczema severity differences within affected silver-
coated textile sites (right elbow flexure) and cotton-covered sites (left
clbow flexure) in patients with AE at different time points of evatua-
tion: days 2, 7 and 14 compared to bascline (day 0). A highly signifi-
cant reduction of the local SCORAD could be scen on days 2. 7 and
14 (* p < 0.01) on the silver-coated site comparcd to bascline. No
significant reduction could be noted on the cotton-covered site. Clin-
ical cczema severity is expressed in local SCORAD (0-18) in all 15
patients. O, x = Extreme valucs beyond statistical analysis.

treatment [22]. To our knowledge, the antibacterial effect
of silver ions in S.-aureus-colonized skin in patients with
AE has not vet been investigated in vivo.

The disruption of the skin barrier function in patients
with AE is known to be one of the major pathophysiologi-
cal aspects of the disease [23]. Quantitative and qualita-
tive changes in lipid composition [24-26] result not only
in an increased transepidermal water loss [27], but also in
a higher susceptibility to external irritants in affected and
nonaffected skin [23. 28)]. By textile protection, external
provocation factors of the AE can be diminished, e.g.
acroallergens or UV irradiation as well as contact with
irritating material. In addition, due to textile protection
the itch-and-scratch cycle can be disrupted. In this con-
text, the clinical improvement on the cotton-treated site

20 Dermatology 2003;207:15-21

on day 2 was probably due to theftextile protecting effect,

since no anti-inflammatory ther

4py had been used. Our

results showing a clinical improyement paralleled by a

reduction of S. auieus counts ind

icate that antiseptic ther-

apy is essential for an efficient thirapy of affected lesions

in AE. These findings are in acco

ies implicating that antibiotic or,

tributes to a faster clearance of

rdance with earlier stud-
antiseptic therapy con-
AE [11. 29]. Of interest

was the observed prolonged effeft on staphylococeal re-

duction exhibited during the peri
in contrast to the effects seen b

vd of active wear. Thisis
' the antistaphylococcal

dve gentian violet where cessatign of therapy resulted in
immediate subscquent recolonigation [11]. These find-
ings could indicate that overnight|wearing of silver-coated
textiles might be able to sustaip a constant 8. aureus

reduction.

Since the effectiveness of compining topical antibiotic
or anti-infective agents with glupocorticosteroids is still
controversially discussed [30], tgxtiles with antibacterial

qualities may offer the advantag

- of enhancing the clini-

cal efficacy of glucocorticosteroid or other anti-inflamma-
tory therapy. In addition, an identical clinical efficacy

might be achieved by combining

cal treatment and steroids of less
reducing possible side effects

textile antistaphylococ-
potency and in this way
of glucocorticosteroids.

Concerning possible toxicological side effects of silver-

coated textiles, toxicity 1s relate

dermal wounds into the systemid

ther studies, silver absorption in
coated textiles needs to be invest

d to absorption through
circulation [31]. In fur-
patients wearing silver-
gated.
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