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Summary The object of this study was to investigate the efficacy of a methicillin-
resistant Staphylococcus aureus (MRSA) multisite carriage decolonization in 32
hospitalized carriers—25 from surgical and seven from medical wards. Twenty-four
of the patients had wounds (e.g. chronic ulcers, surgical sites) and 17 were spinal cord
injury patients. Decolonization was performed by intranasal application of mupirocin,
combined with an octenidine dihydrochloride bodywash over a period of five days.
Samples from the nose, forehead, neck, axilla and groin were taken 24–48 h before
beginning decolonization (sample point I, N ¼ 32) and 24–48 h afterwards (sample
point II, N ¼ 32). Further samples, were taken seven to nine days after the procedure
(sample point III, N ¼ 25). Contact sheep blood agar plates (24 cm2) were used to
quantify MRSA colonies on forehead and neck. MRSA from other sample sites was
determined semi-quantitatively. All patients were proven to be MRSA positive at one
or more extranasal site(s); 18.8% did not have nasal carriage. The overall
decolonization rate for all sites was 53.1% (sample point II) and 64% (sample point
III), respectively. The reduction was significant for every site, showing a rate of 88.5%
for nose (II, III) and of 56.3% (II) and 68% (III) for all extranasal sites together. Of 32
patients, a median of 6.5 cfu MRSA/24 cm2 was obtained for the forehead before
decolonization and 0.5 cfu MRSA/24 cm2 for the neck. A significant reduction (0 cfu
MRSA/24 cm2) from both sites was shown after treatment. Before decolonization
procedures, median MRSA levels for the nose, groin and axilla were 55, 6 and
0 cfu/swab. After treatment, MRSA from each of these sites was significantly reduced.
We conclude that nasal mupirocin combined with octenidine dihydrochloride whole-
body wash is effective in eradicating MRSA from patients with variable site
colonization.
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Introduction

Recent guidelines for the control of methicillin-
resistant Staphylococcus aureus (MRSA) in hospitals
recommend decolonization of carriers.1 – 3 In
addition to topical intranasal treatment with
mupirocin, whole-body washing or bathing with
antiseptic-detergent is often advised. Whereas the
topical application of mupirocin into the nares has
been shown to be effective in reducing nasal MRSA
colonization, the efficacy of whole-body washing
with an antiseptic has been much less studied.4

Harbarth et al.5 have shown that mupirocin, even in
combination with chlorhexidine body washing, was
only marginally effective in the decolonization of
multisite MRSA carriage.

The aim of the present investigation was to
evaluate the efficacy of the decolonization regimen
used in our hospital, i.e. nasal mupirocin with
octenidine dihydrochloride whole-body wash, to
reduce MRSA multisite skin carriage. Our intention
was to investigate the extranasal carriage pattern
of colonized patients before and after treatment.
Only patients who were proven to be MRSA positive
at one or more skin sites accessible to the whole-
body antiseptic treatment were included in the
study. Intensive extranasal MRSA screening fol-
lowed. This included quantitative determination
of MRSA on the forehead and neck by contact agar
plate sampling and a semi-quantitative determi-
nation, performed by screening axillae and groin.

Methods

Patients and hospital infection control
measures

The study was conducted in two 700-bed university
hospitals in Bochum, Germany, from October 1998
to November 1999 and from November 2000 to
August 2001. During these periods, 81 new MRSA
carriers were identified. MRSA was either detected
during clinical assessment or from routine MRSA
screening. As soon as MRSA carriage was confirmed,
patients were placed in private rooms with full or
cohort isolation, according to local infection con-
trol policy. Before beginning any decolonization
procedure, MRSA screening of the following body
sites was performed: nose, forehead, neck, axilla
and groin. To be included in the study, patients had
to be colonized on at least one body site other than
the nose. Patients with nasal colonization alone
were excluded. There were no reasons for exclusion
from the study other than discharge or death

occurring during the investigation period. Patient
sampling was performed 24–48 h before beginning
decolonization and repeated 24–48 h after the end
of treatment. Follow-up investigation took place
after seven to nine days, when possible. The study
protocol was approved by the Ethics Committee of
Ruhr University, Bochum.

Decolonization procedures

Decolonization of MRSA carriers was established by
the hospital infection control committee, accord-
ing to national expert recommendations.3

Mupirocin (Turixinw, SmithKlineBeecham,
Munich, Germany) was applied three times a day
into the anterior nares for five to seven days. During
this time, all patients underwent whole-body
washing with the antiseptic detergent every morn-
ing. Hair was included every second day of the
procedure. The antiseptic solution used was octe-
nidine dihydrochloride (Octeniseptw, Schuelke &
Mayr, Norderstedt, Germany). Decolonization was
carried out by nursing staff on the wards, according
to the manufacturer’s specifications. If mobile,
patients were invited to perform part of the
procedure themselves after specific instructions.
Patients were kept in isolation during
decolonization.

Microbiological evaluation

Swabs were cultured on sheep blood agar plates
with 4% NaCl, after inoculation on to approximately
one third of the agar plate. The inoculum was
streaked over the remaining plate in at least two
separate thirds.

Sheep blood contact agar plates (24 cm2) were
used to quantify MRSA colonies on forehead and
neck. All plates were incubated for 48 h at 358C.
Swab cultures were enriched in trypticase soya
broth with 10% NaCl for 24 h at 358C, and sub-
cultured on to sheep blood agar plates. Identifi-
cation of S. aureus was based on colonial
morphology, production of DNase (Oxoid, Basing-
stoke, UK) and mannitol (Oxoid), and the presence
of free plasma coagulase using rabbit plasma
(bioMérieux, Marcy l’Etoile, France). Contact agar
plates were analysed quantitatively for the MRSA
count per plate. Swab cultures were determined
semi-quantitatively by MRSA colony-forming units
per swab streak.

Oxacillin susceptibility testing was performed
using Mueller–Hinton agar containing 6 mg/L oxa-
cillin and 4% NaCl (Becton Dickinson, Heidelberg,
Germany). Isolates were spot inoculated on to agar
and incubated for 24 h at 358C, with S. aureus ATCC
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6538 and 33592 as control strains. In addition,
susceptibility to other antibiotics was tested by disk
diffusion on Mueller–Hinton agar: 10 IU penicillin G,
10 mg gentamicin, 15 mg erythromycin, 2 mg clin-
damycin, 5 mg ofloxacin, 30 mg vancomycin (all
Becton Dickinson), 30 mg rifampicin (bioMérieux,
Nuertlingen, Germany) and 5 mg mupirocin (Oxoid).

Statistical analysis

Categorial variables were analysed by the Chi-
square test and quantitative variables by the
Wilcoxon matched-pairs test.

Results

During the investigation period, 81 new MRSA
patients were identified and screened for MRSA
carriage at multiple body sites. Fifty-six (69%)
proved to be MRSA-positive at one or more sites.
Three patients (5.4%) were exclusive nasal carriers,
and nine others (16%) did not have any nasal
carriage.

Fifty-three (65%) patients fulfilled the study
criterion of extranasal colonization with MRSA,
and 32 were entered into the decolonization
group. Six (18.8%) of this group did not have nasal
carriage. The study group comprised 25 (78%)
patients from the surgical ward and seven (22%)
from the medical ward. Seventy (53%) were spinal
cord injury patients and 24 (75%) had skin lesions
(e.g. chronic ulcers, surgical sites). Initial positive
cultures were mainly found in wounds (34%),
sputum (25%) and urine (13%). Susceptibilities of
the isolates at the first screening were: oxacillin 0%,
penicillin 0%, ofloxacin 0%, erythromycin 41%,
clindamycin 53%, gentamicin 37%, rifampicin 94%,
vancomycin 100% and mupirocin 91%.

MRSA prevalence was highest in nares (81%),
followed by forehead (66%), groin (59%), neck
(50%), and axilla (38%; Table I). The median number
of colonized sites per patient was three (range one
to five). For the extranasal sites, the median value
was two (range one to four). Twenty-three (72%) of
32 patients were colonized in more than one
extranasal site.

There were no adverse effects resulting from the
decolonization regimen. Overall, MRSA was eradi-
cated in 53% of patients treated after 24–48 h, and
in 64% of patients, seven to nine days after the end
of the procedure (Table I). Efficacy was highest in
the nose, where a reduction of 88.5% occurred.
Combined treatment with mupirocin and antiseptic
washing was associated with an extranasal decolo-

nization rate of 56.3% (sample point II) and 68%
(sample point III) for all sample sites. The reduction
was significant for every site.

In addition, decolonization efficacy was deter-
mined by (semi)quantitative methods. As shown in
Table II, a significant reduction of MRSA counts
occurred at every site after decolonization.

Despite antimicrobial and antiseptic treatment,
18 patients were still MRSA positive at sample point
II and nine at sample point III. Nevertheless, a
marked decrease of the total number of colonized
body sites was observed among these patients. The
median number of colonized sites before treatment
was three (range two to five), and after decoloniza-
tion, the median number was significantly reduced
to one (range one to five) at sample point II ðP ,

0:01Þ and III ðP , 0:05Þ: A statistically significant
change in the MRSA count on different body sites
was not detectable, perhaps due to the small
sample number.

Discussion

The trial demonstrated that the intranasal appli-
cation of mupirocin combined with whole-body
washing using octenidine dihydrochloride caused a
significant reduction of nasal, and to a lesser
degree, whole-body MRSA colonization among
hospitalized patients. Intranasal application of
mupirocin combined with antiseptic washing is
used as a standard procedure at our institution.
The aim is to lower MRSA colonization pressure. All
study patients were colonized on intact skin, but
19% of them were not nasal carriers. Blanket
treatment of the nose, the main colonization site
for MRSA, was performed to prevent recolonization
in cases of occult carriage. The overall decoloniza-
tion rates were 53.1% after 24–48 h and 64% seven
to nine days after completion of the regimen. These
results are not directly comparable with those
obtained from other studies because of differences
in study designs. In contrast to other decolonization
studies using mupirocin and antiseptic whole-body
washing, we investigated decolonization efficacy
among patients with a skin carrier rate of 100%.5–10

In some studies, no information was given concern-
ing skin colonization among the patients investi-
gated.6,8,10 Others evaluated patient groups with
skin carrier rates between 38 and 68%, but a
comparison was difficult to establish because of
different follow-up periods.5,7,9 None of the other
studies with different treatment regimes revealed
total or near total MRSA decolonization. The overall
decolonization rates described in these studies
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were 25%, over 56%, 64% and 75%.5,6,8 –10 Nasal
decolonization appears significantly higher than the
overall effect. Our nasal decolonization rate
(88.5%) was comparable with those found in
previous studies.6,7,10 Our aim was to show whether
the decolonization regimen was effective in clear-
ing multisite skin carriage. The reduction for skin
sites was 56.3% after 24–48 h, and 68% seven to nine
days after treatment. Comparable data for extra-
nasal decolonization were obtained by Parras et al.7

who achieved MRSA decolonization of the skin using
mupirocin plus chlorhexidine whole-body washing
in 23% (seven days) and 74% (14 days).7 When oral
co-trimoxazole was combined with topical fusidic
acid plus chlorhexidine washing, the decolonization
rate reached 76% (seven days) and 45% (14 days),
respectively. These rates equal ours, revealing
complete extranasal clearance in more than 50%
patients, for a period of 14 days. Reasons for

decolonization failure cannot be deduced from our
small database. It can be speculated that the high
percentage of wounds (75%) and multisite extra-
nasal colonization (72%) among our patients could
have been reservoirs for recolonization.11,12

Another reason for failure could have been that
decolonization procedures were performed by ward
staff rather than infection control personnel. To our
knowledge, the present study is the first to provide
information about (semi)quantitative MRSA car-
riage. Further investigations would show if there
isaconnectionbetweencutaneousMRSAcarriageand
decolonization efficacy. In summary, we conclude
that nasal mupirocin in combination with octenidine
dihydrochloride is effective in reducing MRSA car-
riage. It can be postulated that the regimen
diminishes the spread from patient to patient, or
from patient to personnel. It remains to be proven
whether these measures could control an outbreak

Table I MRSA carriage of 32 hospitalized patients at five body sites (nose, forehead, neck, axilla, groin) before and after intranasal
application of mupirocin combined with octenidine dihydrochloride whole-body washing

Body site Patients free of MRSA (%)

12–24 h Before procedures N ¼ 32 24–48 h After procedures N ¼ 32 Seven to nine days after procedures
N ¼ 25

All sites 0 53.1a 64a

Nares 18.8 87.5a, a ¼ 88:5 88a, a ¼ 88:5
Forehead 34.4 71.9b 80c

Groin 40.6 78.2c 88c

Neck 50 78.1b 80b

Axilla 62.5 93.8c 96c

All extranasal sites 0 56.3c 68c

a ¼ Decolonization rate among patients with positive MRSA result before procedures.
a Chi-square test: P , 0:001:
b Chi-square test: P , 0:05:
c Chi-square test: P , 0:01:

Table II Results of (semi)quantitative MRSA determination among 32 hospitalized patients at five body sites (nose, forehead, neck,
axilla, groin) before and after intranasal application of mupirocin combined with octenidine dihydrochloride antiseptic whole-body
washing

Body site 12–24 h
Before procedures N ¼ 32

24–48 h
After procedures N ¼ 32

Seven to nine days
after procedures N ¼ 25

Colony-forming units of MRSA/24 cm2 median
(95th percentile, range):

Forehead 6.5 (.100; 0– $ 100) 0 (.100; 0– $ 100)a 0 (2; 0–17)b

Neck 0.5 (50; 0– $ 100) 0 (.100; 0– $ 100)a 0 (8; 0–70)a

Colony-forming units per swab streak median
(95th percentile, range):

Nose 55 (.100; 0– $ 100) 0 (40; 0– $ 100)c 0 (1; 0–80)c

Axilla 0 (.100; 0– $ 100) 0 (5; 0–10)b 0 (0; 0–2)b

Groin 6 (.100; 0– $ 100) 0 (.100; 0– $ 100)b 0 (35; 0–58)b

a Wilcoxon matched paired test: P , 0:05:
b Wilcoxon matched paired test: P , 0:01:
c Wilcoxon matched paired test: P , 0:001:
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situation or could lower the MRSA infection rate (11
to 26%) of hospitalized patients.13 –15 The long-term
efficacy of decolonization procedures has not yet
been established. Recolonization can occur,
especially in long-term patients and in wards with
a high ‘colonization pressure’.16
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