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o r i g i n a l a r t i c l e

Acquisition and Cross-Transmission of Staphylococcus aureus
in European Intensive Care Units

Alexander L. A. Bloemendaal, MD; Ad C. Fluit, PhD; Wouter M. T. Jansen, PhD; Menno R. Vriens, MD, PhD;
Tristan Ferry, MD, PhD; Laurent Argaud, MD, PhD; Jose M. Amorim, MD; A. C. Resende, MD;

Alvaro Pascual, MD, PhD; Lorena López-Cerero, MD; Stefania Stefani, MD, PhD; Giacomo Castiglione, MD;
Penelope Evangelopoulou, MD; Sophia Tsiplakou, MD; Inne H. M. Borel Rinkes, MD, PhD; Jan Verhoef, MD, PhD

objective. To study the acquisition and cross-transmission of Staphylococcus aureus in different intensive care units (ICUs).

methods. We performed a multicenter cohort study. Six ICUs in 6 countries participated. During a 3-month period at each ICU, all
patients had nasal and perineal swab specimens obtained at ICU admission and during their stay. All S. aureus isolates that were collected
were genotyped by spa typing and multilocus variable-number tandem-repeat analysis typing for cross-transmission analysis. A total of
629 patients were admitted to ICUs, and 224 of these patients were found to be colonized with S. aureus at least once during ICU stay
(22% were found to be colonized with methicillin-resistant S. aureus [MRSA]). A total of 316 patients who had test results negative for
S. aureus at ICU admission and had at least 1 follow-up swab sample obtained for culture were eligible for acquisition analysis.

results. A total of 45 patients acquired S. aureus during ICU stay (31 acquired methicillin-susceptible S. aureus [MSSA], and 14
acquired MRSA). Several factors that were believed to affect the rate of acquisition of S. aureus were analyzed in univariate and multivariate
analyses, including the amount of hand disinfectant used, colonization pressure, number of beds per nurse, antibiotic use, length of stay,
and ICU setting (private room versus open ICU treatment). Greater colonization pressure and a greater number of beds per nurse correlated
with a higher rate of acquisition for both MSSA and MRSA. The type of ICU setting was related to MRSA acquisition only, and the amount
of hand disinfectant used was related to MSSA acquisition only. In 18 (40%) of the cases of S. aureus acquisition, cross-transmission from
another patient was possible.

conclusions. Colonization pressure, the number of beds per nurse, and the treatment of all patients in private rooms correlated with
the number of S. aureus acquisitions on an ICU. The amount of hand disinfectant used was correlated with the number of cases of MSSA
acquisition but not with the number of cases of MRSA acquisition. The number of cases of patient-to-patient cross-transmission was
comparable for MSSA and MRSA.
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Nosocomial infections dramatically increase mortality rates
on intensive care units (ICUs), and Staphylococcus aureus is
one of the most important pathogens involved in these in-
fections, accounting for up to 30% of cases.1-3 In addition,
nosocomial pathogens often acquire a high level of antibiotic
resistance. Methicillin-resistant S. aureus (MRSA) was first
reported in 19614 and subsequently spread throughout hos-
pitals worldwide.5 The prevalence of MRSA differs strongly
between countries.6

Colonization with S. aureus is a major risk factor for de-
veloping a nosocomial infection.7 The risk of becoming col-

onized during a stay in an ICU is dependent on a number
of variables, among which are colonization pressure8 and an-
tibiotic use.9-13 Infection-control measures have been imple-
mented worldwide to prevent the transmission of MRSA, but
there is no clear consensus concerning the importance of each
independent measure.14-18 Possible sources for acquisition of
S. aureus include other patients, health care workers (HCWs),
and the ICU environment.19-27 Endogenous reservoirs of S.
aureus could also play an important role in cases that may
give the false impression of being due to acquisition of S.
aureus by ICU patients.28 Consensus on the importance of
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patient-to-patient cross-transmission of S. aureus has not
been reached, because study results have been highly
variable.23,24,29-32

These results were mainly obtained in single-center studies
that assessed MRSA only. It is unclear whether the consid-
erable variations in rates of acquisition and cross-transmis-
sion are attributable to differences in S. aureus prevalence
and in infection-control measures or merely reflect variations
in study protocol.

The aim of the current study was to evaluate the baseline
acquisition and cross-transmission rates of both methicillin-
susceptible S. aureus (MSSA) and MRSA in different ICUs.
To this end, we performed a multicenter study that compared
the prevalence, acquisition, and spread of MSSA and MRSA
in 6 European ICUs. Patient-to-patient cross-transmission
was studied by genotyping of all strains with multilocus var-
iable number of tandem repeats analysis (MLVA) and spa
typing.33-36 MSSA and MRSA were analyzed separately because
of the important differences in general epidemiology between
the 2 groups of strains.

methods

Setting. The study was begun in 2006 at 6 ICUs in 6 uni-
versity and teaching hospitals (with a total of 77 beds) and
was performed for a period of 3 months per center. The
centers were located in The Netherlands, France, Portugal,
Spain, Italy, and Greece. The following information on each
ICU was registered: number of beds, amount of hand dis-
infectant used per year, the proportion of beds in private
rooms and in the open ICU, and available isolation treatment
options.

Center 1 is an 18-bed ICU with 6 isolation rooms with
negative air pressure. Four isolation rooms have an ante-
chamber for changing and disinfection of personnel in cases
of patient isolation due to infection with resistant pathogens
(including MRSA). The other 12 beds are in a single large
room. Center 2 has 15 private rooms without an antechamber.
Nurses are cohorted during the daytime. Center 3 has a 14-
bed open ICU with no cohorting of nurses. Center 4 has a
15-bed open ICU and no cohorting of nurses. Center 5 is an
8-bed ICU without an isolation room, and nurses are not
cohorted. Center 6 is a 7-bed ICU without nurse cohorting.
Centers 3, 4, 5, and 6 do not possess or rarely use isolation
rooms.

Microbiological samples. All patients who were admitted
to the ICUs within the study period were included in the
study. Nasal and perineal swab samples were obtained within
48 hours after admission and at discharge from the ICU.
During ICU stay, all patients had nasal and perineal swab
samples obtained twice per week on fixed days. Clinical sam-
ples were also collected for analysis. Samples were collected
and processed by the dedicated investigator. Swab samples
were cultured for 24 hours at 37�C in 4 mL of trypsin soy
broth containing aztreonam at a concentration of 5 mg/L.

Samples were plated on mannitol salt agar and blood agar
plates and were incubated for 48 hours at 37�C. Species iden-
tification was performed by standard methods. All S. aureus
isolates were transported to the principal investigator on
Amies transport swabs and kept at 4�C.

All strains were examined by a triplex polymerase chain
reaction (PCR) for 16S ribosomal RNA and nuc and mecA
genes.37 DNA was isolated using a Nucleospin Tissue Kit (Ma-
chinery-Nagel) according to the manufacturer’s protocol.

Genotyping. All isolates were genotyped by the principal
investigator in Utrecht, The Netherlands, using MLVA and spa
typing. MLVA was performed by PCR of 6 variable number
tandem repeats.38,39 The analysis was performed as described
elsewhere.40 Spa typing was performed using 5′-ACGAGTAGT-
GCCCTTTGCTT and 3′-GCTCAAGCACCAAAAGAGGA
PCR primers (Invitrogen) or 5′-TAAAGACGATCCTTCGGT-
GAGC and 3′-CAGCAGTAGTGCCGTTTGCTT PCR primers
(Isogen Life Sciences). Subsequent DNA sequencing was per-
formed using the chain termination method (Baseclear). Bion-
umerics (Applied Maths) was used to analyze obtained se-
quences and to assign spa types. Novel spa types were submitted
online to the Ridom database.41

Prevalence and acquisition. The prevalence of S. aureus
was defined as the percentage of patients with at least 1 swab
sample positive for S. aureus during the ICU stay. Acquisition
of S. aureus was determined for patients who had test results
that were negative for S. aureus at admission to the ICU (at-
risk patients) and was classified as ICU acquired if the first
sample positive for S. aureus was obtained at least 48 hours
after ICU admission. The acquisition rate was defined as the
percentage of at-risk patients who acquired S. aureus and
remained hospitalized in the ICU long enough to have at least
1 follow-up swab sample obtained for culture.

Patient information. Patient information obtained in-
cluded date of birth, date of admission to and discharge from
the ICU, and antibiotic treatment regimen. The ICU length
of stay (LOS) was calculated for each patient. Length of stay
at risk (LOS at risk) was defined as the number of days prior
to acquisition of S. aureus.

Infection-control measures. To estimate the level of hand
hygiene compliance, the total amount of hand disinfectant
used during the study period was determined. The number
of hand disinfectant doses used per bed per day was calculated
by dividing the total amount used daily by the number of
beds. One hand disinfectant dose was defined as 3 mL of
disinfectant for all types (soap, liquid, and gel). Private room
and isolation treatment procedures were classified according
to 2 levels of treatment (ICU set-up) as follows: 1, all patients
were treated in private rooms; 2, patients were treated in an
open-bay setting.

Colonization pressure. Mean colonization pressure was
defined as the mean percentage of patients colonized with S.
aureus during the entire study period. Preacquisition colo-
nization pressure was defined as the mean percentage of pa-
tients colonized with S. aureus during the 3 days preceding
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table 1. Prevalence and Acquisition of Staphylococcus aureus Col-
onization at 6 Participating Intensive Care Units (ICUs)

ICU

No. of
patients
admitted

No. (%) of
S. aureus–positive

patientsa No. of
at-risk

patientsb

No. (%) of
at-risk patients

with S. aureus
acquisition

Overall MRSA Overall MRSA

1 136 57 (42) 0 44 8 (18) 0
2 130 47 (36) 9 (19) 58 4 (7) 0
3 115 52 (45) 24 (46) 57 9 (16) 7 (12)
4 151 51 (34) 9 (18) 91 18 (20) 4 (4)
5 64 12 (19) 5 (42) 46 6 (13) 3 (7)
6 33 5 (15) 2 (40) 20 0 0

Total 629 224 (36) 49 (22) 316 45 (14) 14 (4)

note. MRSA, methicillin-resistant S. aureus.

a Patients with at least 1 culture positive for S. aureus during ICU stay.
b Patients with 2 or more follow-up cultures of swab samples for assessment
of S. aureus acquisition.

acquisition. For the analysis of MSSA and MRSA acquisition,
only MSSA colonization pressure and MRSA colonization
pressure, respectively, were assessed.

Antibiotic pressure. Antibiotic pressure was evaluated by
the total number of defined daily doses (DDDs) of antibiotics
administered to a patient during their total stay. The mean
number of DDDs was calculated by dividing the total number
of administered DDDs by the length of stay. The mean num-
ber of DDDs administered per day per 1000 patient-days was
calculated to compare antibiotic pressure between centers.

Cross transmission. Bacterial transmission was considered
to have occurred if a patient acquired a strain that was carried
by another patient within the 2 weeks preceding acquisition.
Isolates were considered to be genetically highly related if
MLVA and spa type were identical or if isolates differed only
in a single locus in MLVA or had a highly related spa repeat
sequence.

Statistical analysis. All statistical analyses were performed
using the SPSS software, version 12.0.2 (SPSS). Bivariate anal-
yses were performed using the Pearson x2 cross-tabulation
or the Student t test (for independent samples). Data from
center 1 were discarded in all analyses of MRSA acquisition
because no MRSA strains were isolated in this center during
the study period. Statistical significance was set at .P X .05

results

The total number of patients admitted to the participating
ICUs in the study period was 629 (Table 1). Of these, 224
patients (36%) were colonized with S. aureus on at least 1
occasion during their stay in the ICU; 49 (22%; range, 0%-
46%) of these 224 patients carried MRSA.

A total of 316 patients were not colonized with S. aureus
at admission to the ICU and remained hospitalized in the
ICU long enough to assess acquisition of S. aureus with at
least 1 follow-up swab sample. Of these at-risk patients, 45
(14%; range, 0%–20%) acquired S. aureus (Table 1) during
the ICU stay; 14 became colonized with MRSA (4% of at-
risk patients; range, 0%–12%). The remaining 271 patients
were not colonized with S. aureus during the ICU stay.

Variables considered as possible explanations for the dif-
ferences in acquisition included antibiotic pressure on the
ICU prior to acquisition of S. aureus, length of stay (LOS)
prior to acquisition of S. aureus, colonization pressure, num-
ber of beds per nurse, hand disinfectant used per bed per
day, and ICU setting (private-room treatment vs open ICU
treatment).

The amount of antibiotics used on the ICUs ranged from
0.8 to 3.2 DDDs (Table 2). Patients who acquired MSSA or
MRSA did not receive a larger quantitiy of antibiotics prior
to acquisition than did patients who did not acquire S. aureus
( for MSSA; for MRSA) (Table 3). ReceiptP p .30 P p .67
of no single antibiotic or antibiotic type was significantly
correlated to acquisition of S. aureus.

Colonization pressure varied greatly between the centers.

The mean number of patients colonized ranged from 0.45 to
4.45 patients for MSSA and from 0 to 2.05 patients for MRSA.
Preacquisition colonization pressure was significantly higher
for patients who acquired S. aureus ( for MSSA;P p .002

for MRSA) (Table 3). The mean number of bedsP p .005
per nurse ranged from 1.5 to 2.6 beds per nurse and was
significantly higher both for patients who acquired MSSA
( ) and for patients who acquired MRSA ( ),P p .01 P p .05
compared with the number of beds per nurse for patients
who remained uncolonized throughout the ICU stay (Table
3). The mean number of hand disinfectant doses used per
bed per day ranged from 27 to 97 doses. The number of doses
was not significantly related to MRSA acquisition. However,
the number of doses was significantly lower for patients who
acquired MSSA than it was for patients who remained un-
colonized ( ).P p .02

Patients whose test results remained negative for S. aureus
had a mean duration of ICU stay of 10.3 days (range, 8.0–
12.9 days), whereas patients who acquired S. aureus in the
ICU remained hospitalized in the ICU for a mean of 19.1
days (range, 10.2–30.8 days). Patients who were colonized
with S. aureus at admission to the ICU remained hospitalized
in the ICU for a mean of 10.7 days (range, 7.4–19.4 days).
The mean LOS prior to acquisition (LOS at risk) was 8.3
days for patients with MSSA and 6.9 days for patients with
MRSA. The difference in LOS at risk between patients who
acquired and patients who did not acquire S. aureus was
significant for patients with MSSA ( ) and for pa-P p .001
tients with MRSA ( ).P p .001

The rate of MSSA acquisition was not lower in ICUs in
which all patients were treated in private rooms, compared
with the rate in ICUs in which not all patients were treated
in isolation (Table 3). However, the number of MRSA ac-
quisitions was significantly lower ( ) in ICUs in whichP p .03
all patients were treated in private rooms.
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table 2. Study Data for 6 Participating Intensive Care Units (ICUs)

ICU

Inclusion
rate, % of

patients
Type of

ICUa

Mean no.
of beds

per nurseb

Mean no. of
DDDs of antibiotics

per patient
per day

Mean no. of
hand disinfectant

doses per bed
per day

1 89 Open 1.5 1.4 34.4
2 81 Private 2.1 1.0 27.0
3 … Open 2.0 0.9 90.6
4 96 Open 2.6 0.8 31.2
5 100 Open 2.4 1.6 46.3
6 100 Open 2.3 3.2 97.4
Overall

mean value 93 2.2 1.5 54.5

note. DDD, defined daily dose.
a Private, all patients treated in private rooms; open, patients treated in an open-bay setting.
b Mean number of beds per ICU nurse during a 24-hour period.

table 3. Bivariate Analysis of Variables Associated With Acquisition of Staphylococcus aureus in Intensive Care Units (ICUs)

Variable

S. aureus acquisition MSSA acquisition MRSA acquisition

No Yes P No Yes P No Yes P

Type of ICU, no. of patientsa .05b .25b .03b

Private 54 4 54 4 54 0
Open 217 41 217 27 179 14

Mean no. of hand disinfectant doses used per bed per day 48.2 56.5 .05 48.2 59.8 .02 48.2 49.3 .87
Mean no. of beds per nurse 2.2 2.1 .03 2.2 2.0 .01 2.2 2.4 .05
Mean LOS prior to acquisition 10.0 7.9 .18 10.0 8.3 .37 10.0 6.9 .25
Mean total LOS 10.0 19.1 .001 10.0 18.7 .001 10.0 20.0 .001
Mean no. of colonized patientsc 2.29 3.66 .004 1.68 2.38 .002 0.85 1.31 .005
Mean no. of DDDs of antibiotics administeredd 1.3 0.9 .28 1.3 0.8 .30 1.3 1.0 .67

note. DDD, defined daily dose; LOS, length of stay; MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus.

a Private, all patients treated in private rooms; open, patients treated in an open-bay setting.
b x2 cross-tabulation between ICU set-up 1 and 2.
c Data given for patients without acquisition is the mean number of patients colonized throughout the study period; data given for patients with acquisition
is the mean number of colonized patients in the 3 days preceding acquisition.
d During the at-risk period.

Genotyping. All strains were genotyped (Table 4). The
total number of spa types found was 119. The total number
of MLVA types found was 237. Ten isolates were not typeable
by spa typing. All strains were typeable by MLVA typing. The
total number of cases of possible patient-to-patient cross-
transmission was 18. The percentage of cases of acquisition
that could be related to patient-to-patient cross-transmission
ranged from 22% to 67% between the participating centers.
In center 6, no cases of acquisition and, therefore, no cases
of cross-transmission occurred.

Cross-transmission possibly accounted for 40% of all S.
aureus acquisitions in the ICUs studied. In 8 of these 18 cases,
the possibly cross-transmitted pathogen was MRSA (Table 5).
In centers 1 and 2, no MRSA was transmitted. Six of the 8
cross-transmitted MRSA strains were found in center 3. They
were spa types t032, t1474, and t2577 (both of the last 2 spa
types were genetically related to t032) and were closely related
in MLVA type. In center 4, 1 MRSA strain was possibly cross-

transmitted; this strain was not typeable by spa typing. How-
ever, it was identical in MLVA type to an MRSA strain found
in a patient who was admitted to the ICU on the same day;
this strain was also not typeable by spa typing. The cross-
transmitted MRSA isolate at center 5 was also not typeable
by spa typing; transmission assessment was based on MLVA
typing. The transmitted MRSA strains from different centers
were not similar in MLVA type.

In centers 1 and 2, no MRSA isolates were acquired. The
cross-transmitted MSSA isolates were spa types t002, t1889,
and t015 (which were unrelated spa types) in center 1. The
isolates were not related in MLVA type. In center 2, acquired
strains were t068, t012, and a nontypeable strain. The ac-
quired t068 strain cross-transmitted to another patient. In
center 4, cross-transmitted MSSA isolates were spa types t012,
t238, and t084. One t084 isolate was acquired and cross-
transmitted to another patient. In center 5, a t645 MSSA
isolate was acquired and cross-transmitted to another patient.
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table 4. Genotyping and Cross-Transmission of Staphylococcus aureus at 6 Intensive Care Units (ICUs).

ICU
No. of
isolates

No. of
spa types

No. of
isolates

nontypable for spa
No. of

MLVA types

Acquisiton of
S. aureus,

no. of cases

Possible cross-transmission
of S. aureus, proportion

(%) of acquisitions

Possible cross-transmission
of MRSA, proportion

(%) of cross-transmissions

1 97 22 0 55 8 5/8 (63) 0/0 (0)
2 120 36 1 62 4 1/4 (25) 0/0 (0)
3 85 13 0 22 9 6/9 (67) 6/6 (100)
4 105 35 2 78 18 4/18 (22) 1/4 (25)
5 25 9 7 15 6 2/6 (33) 1/2 (50)
6 12 4 0 5 0 0/0 (0) 0/0 (0)

Total 444 119 10 237 45 18/45 (40) 8/18 (44)
a Number of isolates that were nontypeable by spa typing.

discussion

Considerable differences have been reported regarding rates
of acquisition and transmission of S. aureus in ICUs and the
efficacy of intervention measures.16,42 The contribution of var-
iations in sampling and culturing methods to these differences
is not clear. In this study, we have assessed the acquisition
of S. aureus in different European ICUs using a uniform study
protocol to enable a reliable comparison between different
ICUs.

Antibiotic pressure has been described as a risk factor for
the acquisition of MRSA9,10, and the use of antibiotics during
and prior to hospitalization in the ICU has been shown to
increase the number of MRSA infections.12,13,28 Our results do
not show an increased risk of acquiring S. aureus colonization
if antibiotics are administered during hospitalization in the
ICU, even though only the at-risk period was taken in ac-
count. We could not show 1 or more individual types of
antibiotics to be strongly related to the increased risk of ac-
quisition. Unfortunately, the information on the antimicro-
bial agents that were administered to the patients who tested
negative for S. aureus colonization throughout the study pe-
riod was not obtained for 2 centers and therefore could not
be evaluated.

It is generally accepted that a greater LOS in an ICU is
correlated with a greater likelihood acquisition of MRSA.
However, Grundmann et al.29 did not show that an increased
LOS prior to acquisition of MRSA was associated with ac-
quisition of MRSA. This is in agreement with our results,
because we also did not find a correlation between LOS prior
to acquisition of S. aureus and acquisition of S. aureus. Re-
markably, patients who were already colonized with S. aureus
when admitted to the ICU had a mean total LOS of 10.7
days, which was comparable with the mean total LOS for
patients who did not become colonized (10.3 days). However,
patients who acquired MSSA or MRSA during their ICU stay
had a mean total LOS of 18.7 and 20.0 days, respectively.
This could be explained by the fact that patients with a poorer
health status (lower Acute Physiology and Chronic Health
Evaluation II score and lower Simplified Acute Physiology
Score II) and therefore a longer LOS are at greater risk of
acquiring S. aureus, as has previously been shown for

MRSA.8,18,29 The mean LOS described in our results is rela-
tively high. This can be explained by the fact that patients
who did not have at least 1 follow-up swab sample obtained
to assess acquisition were excluded from this evaluation.

Colonization pressure has been shown to be strongly re-
lated to the acquisition of MRSA in some studies8 and has
been shown not to be related in other studies.15,27 In our
study, colonization pressure within an ICU significantly cor-
related with a higher rate of acquisition both for MSSA and
for MRSA. The variability of these results regarding coloni-
zation pressure may be explained by difference in the methods
used for calculating colonization pressure.

A statistically significant correlation was found between the
number of beds per nurse and the acquisition of MSSA and
MRSA. Dancer et al.27 reports on an increase in the number
of instances of acquisition of MRSA during a deficit of trained
nurses on the ICU, and general nurse workload has been
shown to be related to the number of infections and deaths
attributable to MRSA.26

To obtain an estimate of the level of hand hygiene com-
pliance in the different ICUs, the number of doses of hand
disinfectant used per bed per day was assessed. Individual
hand disinfection compliance was not investigated further,
because to do so could have lead to questionable results be-
cause of a lack of objective measurements and the Hawthorne
effect.43 The amount of hand disinfectant used per bed per
day varied by a factor of 3.6, and use of a lesser amount
correlated with a higher number of cases of MSSA acquisition.
However, the amount of hand disinfectant used was not sta-
tistically significantly related to the number of cases of MRSA
acquisition. The wide variation in the amount of hand dis-
infectant used in the different ICUs cannot be explained and
clearly indicates a possible deficiency in the method that we
used.

A reduction in the rate of MRSA acquisition through iso-
lation treatment of colonized patients has been postulated in
several studies.44-48 Nevertheless, a meta-analysis did not show
indisputable evidence that isolation treatment of colonized
patients leads to a reduced rate of MRSA acquisition.16 Our
results show that the rate of acquisition of MRSA was lowest
on an ICU in which all patients were treated in private rooms.



table 5. Genotypes and Resistance Profiles of Acquired and Cross-Transmitted
Staphylococcus aureus Strains at 6 Intensive Care Units (ICUs)

ICU, isolate Type of acquisition spa type MLVA typea Resistance profile

ICU 1
1 Cross-transmitted t002 4 MSSA
2 Cross-transmitted t002 10 MSSA
3 Cross-transmitted t002 10 MSSA
4 Cross-transmitted t1889 11 MSSA
5 Acquired t024 22 MSSA
6 Acquired t015 10 MSSA
7 Acquired t002 44 MSSA
8 Cross-transmitted t015 46 MSSA

ICU 2
1 Acquired t068 1 MSSA
2 Cross-transmitted t068 1 MSSA
3 Acquired t012 26 MSSA
4 Acquired u 33 MSSA

ICU 3
1 Cross-transmitted t032 5 MRSA
2 Cross-transmitted t032 7 MRSA
3 Cross-transmitted t2577 12 MRSA
4 Cross-transmitted t032 13 MRSA
5 Acquired t032 16 MRSA
6 Cross-transmitted t1474 17 MRSA
7 Acquired t002 18 MRSA
8 Cross-transmitted t032 19 MRSA
9 Acquired t032 28 MRSA

ICU 4
1 Acquired t002 1 MSSA
2 Cross-transmitted t012 3 MSSA
3 Acquired t008 9 MSSA
4 Cross-transmitted t238 4 MSSA
5 Acquired t032 28 MSSA
6 Cross-transmitted u 37 MRSA
7 Acquired t282 42 MSSA
8 Acquired t701 43 MSSA
9 Acquired t084 45 MSSA
10 Acquired t084 49 MRSA
11 Acquired t084 56 MRSA
12 Acquired t008 65 MSSA
13 Acquired t012 66 MSSA
14 Acquired t032 68 MSSA
15 Acquired t084 73 MSSA
16 Cross-transmitted t084 74 MSSA
17 Acquired t002 6 MRSA
18 Acquired t002 76 MSSA

ICU 5
1 Acquired t645 1 MSSA
2 Cross-transmitted t645 1 MSSA
3 Acquired t012 9 MSSA
4 Acquired u 12 MRSA
5 Acquired t2155 15 MRSA
6 Cross-transmitted u 13 MRSA

note. MRSA, methicillin-resistant S. aureus; MSSA, methicillin-susceptible S. aureus.
a MLVA type is local. Identical MLVA types from different ICUs are not related.



acquisition and transmission of staphylococcus aureus on icus 123

This result was not shown for MSSA. Our result is in agree-
ment with a study that showed that no cases of MRSA ac-
quisition and 2 cases of MSSA acquisition occurred in a pri-
vate-room ICU.31

The total number of possible cross-transmissions in our
study was comparable to the results found in similar
studies.23,24 However, these studies assessed MRSA only. In
our results, the number of cases of patient-to-patient trans-
mission of MRSA was relatively low; in addition, 6 of 8 pos-
sible cases were found in a single center, where an endemic
MRSA-15, spa type 032 clone is endemic.49 This clone was
found in all possible cases of cross-transmission, probably
leading to an overestimation of the number of cases of MRSA
cross-transmissions. No outbreak was seen during the study
period, because the number of MRSA carriers found did not
differ from the number described previously.49 The number
of cases of cross-transmission of MSSA strains was compa-
rable to the number of cases of MRSA cross-transmission.
No single spa genotype was found to be predominant among
the cases of MSSA cross-transmission, although in center 1,
spa type t002 was found in 3 of 5 isolates obtained from
patients with cross-transmitted strains. Because these isolates
were not related by MLVA type, this cannot be interpreted
as an outbreak strain, which demonstrates the relevance of
MLVA typing in conjunction with spa typing in a clinical
situation.

The present study has a number of limitations. The most
important of these is the relatively short period of inclusion
at each center and, as a result, the low number of cases of
acquisition. This has, unfortunately, led to a questionable
multivariate analysis because of underpowering. In addition,
a number of patient characteristics were not taken into ac-
count. Confounders in this study could include the “average
health status” of patients in the different ICUs. The number
of surgical patients and of patients receiving mechanical
ventilation could also influence the acquisition rate in an
ICU.18,50

In summary, the impact of LOS prior to acquisition of S.
aureus and antibiotic pressure prior to acquisition of S. aureus
on rates of acquisition in the ICU could not be demonstrated.
Colonization pressure, the number of beds per nurse, and
the treatment of all patients in private rooms correlated with
the number of cases of acquisition in an ICU. Hand disin-
fectant use was correlated with MSSA acquisition but not
MRSA acquisition. Rates of patient-to-patient cross-trans-
mission were comparable between MSSA and MRSA.

acknowledgments

Potential conflicts of interest. The authors report no conflicts of interest
relevant to this article.

Address reprint requests to Alexander L. A. Bloemendaal, MD, Department
of Surgery, Room G04.228, University Medical Center Utrecht, Heidelber-

glaan 100, P.O. Box 85500, 3508 GA Utrecht, The Netherlands
(a.l.a.bloemendaal@umcutrecht.nl).

references

1. Alberti C, Brun-Buisson C, Burchardi H, et al. Epidemiology of sepsis
and infection in ICU patients from an international multicentre cohort
study. Intensive Care Med 2002; 28:108-121.

2. Ibelings MM, Bruining HA. Methicillin-resistant Staphylococcus aureus:
acquisition and risk of death in patients in the intensive care unit. Eur
J Surg 1998; 164:411-418.

3. Vincent JL, Bihari DJ, Suter PM, et al. The prevalence of nosocomial
infection in intensive care units in Europe. Results of the European
Prevalence of Infection in Intensive Care (EPIC) study. EPIC Interna-
tional Advisory Committee. JAMA 1995; 274:639-644.

4. Jevons MP, Coe AW, Parker MT. Methicillin resistance in staphylococci.
Lancet 1963; 1:904-907.

5. Benner EJ, Kayser FH. Growing clinical significance of methcillin-resis-
tant Staphylococcus aureus. Lancet 1968; 2:741-744.

6. European Antimicrobial Resistance Surveillance System (EARSS) Man-
agement Team. EARSS annual report 2006. Biltoven, The Netherlands:
EARSS, 2007.

7. Wertheim HF, Voss MC, Ott A, et al. Risk and outcome of nosocomial
Staphylococcus aureus bacteraemia in nasal carriers versus non-carriers.
Lancet 2004; 364:703-705.
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