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table. Carriage of Multiple Staphylococcus aureus Strains Among Intensive Care Unit (ICU)
Patients

Center

Proportion (%)
of patients

carrying
S. aureusa

No. of strains in patients with
multiple S. aureus–positive culturesb

1 strain

2 closely
related
strains

2 distinct
strains

12 distinct
strains Total

1 57/136 (42) 2 2 6 6 16
2 47/130 (36) 9 0 14 3 26
3 52/115 (45) 9 4 3 0 16
4 51/151 (34) 1 2 10 7 20
5 12/64 (19) 4 1 1 1 7
6 5/33 (15) 1 0 1 0 2
Overall 224/629 (36) 26/629 (4) 9/629 (1) 35/629 (6) 17/629 (3) 87/629 (14)
a Data are number of patients with at least 1 S. aureus–positive culture / total number of patients (%).
b Data are number of patients with the specified number of strains, or number of patients with the specified
number of strains / total number of patients (%).

Colonization with Multiple Staphylococcus
aureus Strains among Patients in European
Intensive Care Units

Patients and healthy individuals intermittently and inconsis-
tently carry different methicillin-resistant Staphylococcus au-
reus (MRSA) subtypes.1-3 In the present study, we assessed
the clonality of methicillin-susceptible S. aureus (MSSA) and
MRSA strains in patients admitted to 1 of 6 intensive care
units (ICUs), using spa typing and multilocus variable num-
ber of tandem repeats analysis (MLVA). The findings pub-
lished here are additions to those of our previously published
study, to which we refer for further information on patients,
ICUs, and genetic characteristics of isolated S. aureus strains.4

The study was undertaken in 6 European university and
teaching hospitals during a period of 3 months per center.
Nasal swab specimens were obtained from all patients within
48 h after admission and twice per week thereafter. Swabs
were cultured for 24 h at 37�C in 4 mL of trypsin soy broth
with a 5-mg/L concentration of aztreonam, plated on man-
nitol salt agar and blood agar plates, and incubated for 48 h
at 37�C.

All S. aureus strains were examined by a triplex polymerase
chain reaction for 16S rRNA, nuc, and mecA.5 DNA was iso-
lated using a Nucleospin tissue kit (Machinery-Nagel) ac-
cording to manufacturer’s protocol. All S. aureus isolates were
genotyped. MLVA was performed by polymerase chain re-
action of 6 variable number tandem repeats, shown previously
to be at least as discriminatory as pulsed-field gel electro-
phoresis for typing of S. aureus.6 Spa typing was performed
using 5′-ACGAGTAGTGCCCTTTGCTT and 3′-GCTCAAG-

CACCAAAAGAGGA primers (Invitrogen) or 5′-TAAAGAC-
GATCCTTCGGTGAGC and 3′-CAGCAGTAGTGCCGTTT-
GCTT primers (Isogen Life Sciences). DNA sequencing was
performed using the chain termination method (Baseclear
BV). Bionumerics (Applied Maths) was used to analyze ob-
tained sequences and assign spa types. Novel spa types were
submitted online to the Ridom database (available at: http://
www.SpaServer.ridom.de).

Isolates were considered to be unique S. aureus strains if
MLVA detected a difference in more than 2 loci and/or if
they had a different spa type. Isolates with an identical or
closely related MLVA type (ie, if they differed by no more
than 1 locus) and an identical spa type were considered to
be identical. Isolates containing a double-locus difference in
MLVA type and/or an identical or closely related spa type
were considered to be closely related. In case a strain was not
typeable by spa typing, only MLVA findings were assessed to
determine relatedness.

Of 629 patients hospitalized in a participating ICU, 371
(52%) had more than 1 culture taken. A total of 224 (36%)
had 1 or more S. aureus–positive cultures during their ICU
stay, and 49 (8%) were carriers of MRSA (Table). In total,
952 swab specimens were collected from the 224 S. aureus
carriers, of which 425 (45%) were positive for S. aureus.

In these isolates, 119 spa types were found. Ten isolates
were not typeable by spa typing. All strains were typeable by
MLVA typing. In total, 237 MLVA types were found.

Of the 224 patients with at least 1 S. aureus–positive cul-
ture, 87 had multiple swab specimens that were positive for
S. aureus, and 137 patients had only 1 S. aureus–positive swab
specimen. Thirty-five (6%) of 629 ICU patients carried either
1 strain or at least 2 genetically closely related isolates, and
35 (6%) carried 2 genetically distinct strains. For 2 patients
with 2 genetically distinct strains, it is possible that cross-
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transmission occurred, because a patient carrying an S. aureus
strain that was genetically identical to 1 strain in each patient
was admitted to the ICU during the 2-week period before
the patients acquired S. aureus. The remaining 17 patients
(3%) carried more than 2 strains during their ICU stay. Car-
riage in 5 of these 17 patients possibly involved cross-trans-
mission. No patients carried both closely related isolates and
different strains. For 7 patients (1%), MSSA isolates were
detected on one day, and MRSA isolates (with different spa
and MLVA types) were detected on another.

It has long been believed that patients with S. aureus car-
riage predominantly carry 1 distinct S. aureus strain. A num-
ber of contemporary studies have shown clonal diversity
during S. aureus colonization.1-3 Vandenbergh et al3 studied
persistent carriership among patients and concluded that on-
ly a fraction will carry a genetically identical strain for sev-
eral years. Simultaneous carriage of clonally distinct MSSA
and MRSA strains was shown in a subgroup of (previously)
hospitalized persons.2 Lim et al1 reported that ICU patients
carry clonally diverse MRSA strains during their ICU stay.

In total, 52 patients (8%) patients carried 2 or more distinct
S. aureus strains during their ICU stay. This is comparable
with the results reported by Maslow et al.2 Seven patients
(1%) in our study carried both MRSA and MSSA during
their ICU stay. The question is whether these different strains
are endogenous or acquired isolates. Acquisition of an ex-
ogenous isolate (by patient-to-patient cross-transmission)
was possibly the case in 7 of 52 patients from this study who
carried multiple strains. In 5 of these cases, the patient was
a carrier of 3 or more distinct S. aureus strains over time. In
the remaining 45 cases, cross-transmission could not be
shown. Because acquisition of S. aureus in the ICU is related
to treatment with antibiotics, which are often receiving by a
high proportion of patients in the ICU,7,8 and to poor health
status,9,10 an exogenous source would be conceivable. How-
ever, our results do not strongly support this hypothesis. In
the case of endogenous strains, the question is whether the
strains are simultaneously and, thus, polyclonally colonizing
the nasal tissue. Unfortunately, we did not analyze multiple
colonies from S. aureus–positive swabs to ascertain polyclonal
carriage.

In the present study, only 45% of swab specimens obtained
from colonized patients were positive for S. aureus. This find-
ing has 2 possible explanations. First, patients could lose nasal
colonization and be recolonized during the same ICU stay.
Second, the method used for determining nasal colonization
status may lack analytical sensitivity. Lim et al1 reported a
low concordance between cultures of 2 nasal swab specimens
collected on the same day: in almost 60% of these cultures,
one culture was negative for S. aureus and the other positive
for S. aureus.

The clinical implications of our findings are apparent. Pa-
tients receiving treatment for S. aureus infection could be-
come reinfected with another S. aureus strain, which the pa-
tient could be carrying simultaneously. In addition, the pos-

sible lack of sensitivity of culture of nasal swab specimens may
result in an underestimation of MRSA colonization. This could
lead to increased spread of MRSA and to an increased number
of nosocomial infections.
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Department of Microbiology, Hospital Geral de Santo Antonio, Porto, Portugal
(J.M.A.); the Department of Microbiology, Hospital Virgen Macarena, Seville,
Spain (A.P.); the Department of Microbiology, Vittorio Emanuele Hospital,
Catania, Italy (S.S.); and the Microbiology Department, Medical School,
National and Kapodistrian University of Athens, Athens, Greece (J.P.).

Address reprint requests to A. L. A. Bloemendaal, MD, Department of
Surgery, G04.228, University Medical Center Utrecht, P.O. Box 85500, 3508
CX, Utrecht, the Netherlands (a.l.a.bloemendaal@umcutrecht.nl).

Received February 16, 2009; accepted April 12, 2009; electronically pub-
lished July 29, 2009.
� 2009 by The Society for Healthcare Epidemiology of America. All rights
reserved. 0899-823X/2009/3009-0019$15.00. DOI: 10.1086/605640

references

1. Lim MS, Marshall CL, Spelman D. Carriage of multiple subtypes of
methicillin-resistant Staphylococcus aureus by intensive care unit patients.
Infect Control Hosp Epidemiol 2006; 27:1063–1067.

2. Maslow JN, Brecher S, Gunn J, Durbin A, Barlow MA, Arbeit RD.
Variation and persistence of methicillin-resistant Staphylococcus aureus
strains among individual patients over extended periods of time. Eur J
Clin Microbiol Infect Dis 1995; 14:282–290.

3. VandenBergh MF, Yzerman EP, van Belkum A, Boelens HA, Sijmons M,
Verbrugh HA. Follow-up of Staphylococcus aureus nasal carriage after 8
years: redefining the persistent carrier state. J Clin Microbiol 1999; 37:
3133–3140.

4. Bloemendaal AL, Fluit AC, Jansen WM, et al. Acquisition and cross-
transmission of Staphylococcus aureus in European intensive care units.
Infect Control Hosp Epidemiol 2009; 30:117–124.

5. Maes N, Magdalena J, Rottiers S, De GY, Struelens MJ. Evaluation of a
triplex PCR assay to discriminate Staphylococcus aureus from coagulase-
negative staphylococci and determine methicillin resistance from blood
cultures. J Clin Microbiol 2002; 40:1514–1517.

6. Ikawaty R, Willems RJ, Box AT, Verhoef J, Fluit AC. Novel multiple-
locus variable-number tandem-repeat analysis method for rapid molec-
ular typing of human Staphylococcus aureus. J Clin Microbiol 2008; 46:
3147–3151.

7. Marshall C, Wolfe R, Kossmann T, Wesselingh S, Harrington G, Spelman
D. Risk factors for acquisition of methicillin-resistant Staphylococcus au-
reus (MRSA) by trauma patients in the intensive care unit. J Hosp Infect
2004; 57:245–252.



920 infection control and hospital epidemiology september 2009, vol. 30, no. 9

8. Muller AA, Mauny F, Bertin M, et al. Relationship between spread of
methicillin-resistant Staphylococcus aureus and antimicrobial use in a
French university hospital. Clin Infect Dis 2003; 36:971–978.

9. Grundmann H, Hori S, Winter B, Tami A, Austin DJ. Risk factors for
the transmission of methicillin-resistant Staphylococcus aureus in an

adult intensive care unit: fitting a model to the data. J Infect Dis 2002;
185:481–488.

10. Lucet JC, Paoletti X, Lolom I, et al. Successful long-term program for
controlling methicillin-resistant Staphylococcus aureus in intensive care
units. Intensive Care Med 2005; 31:1051–1057.


