
JOURNAL OF CLINICAL MICROBIOLOGY, Mar. 2010, p. 720–727 Vol. 48, No. 3
0095-1137/10/$12.00 doi:10.1128/JCM.01890-09
Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Emergence of SCCmec Type IV and SCCmec Type V Methicillin-Resistant
Staphylococcus aureus Containing the Panton-Valentine Leukocidin

Genes in a Large Academic Teaching Hospital in Central
Switzerland: External Invaders or Persisting Circulators?�

Giorgia Valsesia,1* Marco Rossi,2 Sonja Bertschy,2 and Gaby E. Pfyffer1

Department of Medical Microbiology, Center for Laboratory Medicine, Luzerner Kantonsspital, Lucerne 16, CH 6000,
Switzerland,1 and Division of Infectious Diseases, Luzerner Kantonsspital, Lucerne 16, CH 6000, Switzerland2

Received 24 September 2009/Returned for modification 8 November 2009/Accepted 19 December 2009

The hospital epidemiology of methicillin-resistant Staphylococcus aureus (MRSA) has changed in the past few
years due to the encroachment of community-associated MRSA (CA-MRSA) strains into health care settings.
MRSA strains that were isolated during a 2-year period from patients of the Luzerner Kantonsspital were
analyzed to elucidate their epidemiology. Moreover, extended surveillance of individuals who were contacts of
those patients was carried out for 6 months to identify the routes of spread and to assess the quality of the
infection control measures used in our setting. Patient data were collected to distinguish CA-MRSA strains
from health care-associated MRSA (HA-MRSA) strains by epidemiological criteria, as defined by the Centers
for Disease Control and Prevention (CDC). On the basis of the CDC definition, the majority of the strains were
considered to be HA-MRSA. However, 87% of them belonged to staphylococcal cassette chromosome mec
(SCCmec) types IV and V, which are traditionally associated with CA-MRSA. Surprisingly, classical nosoco-
mial SCCmec types I and II represented a minority, whereas SCCmec type III was completely absent. By PFGE
analysis, four predominant clonal lineages and 21 highly variable sporadic genotypes were detected. Twenty-
eight percent of the MRSA strains studied carried the genes encoding the Panton-Valentine leukocidin (PVL),
of which 21% and 83% were associated with SCCmec types IV and V, respectively. Among 289 contact
individuals screened for MRSA carriage throughout the extended surveillance, a single secondary patient was
discovered. The possibility of nosocomial transmission could be excluded. The high proportions of SCCmec
type IV and V strains as well as PVL-positive strains suggest strong infiltration of CA-MRSA into our
institution. Moreover, the low endemic prevalence of MRSA demonstrates that current infection control
measures are sufficient to limit its spreading and the emergence of large epidemic outbreaks.

Methicillin-resistant Staphylococcus aureus (MRSA), one of
the most common nosocomial pathogens, usually carries ge-
netic elements that confer resistance to a broad range of an-
tibiotics (2, 25). Methicillin resistance in staphylococci is based
on the expression of a modified penicillin-binding protein
(PBP), PBP 2a, which is encoded by the mecA gene. This gene
is located on the staphylococcal cassette chromosome mec
(SCCmec), a mobile genetic element integrated in the chro-
mosome (6, 23) which also carries the genes for specific re-
combinases (ccr) necessary for its excision and integration (24).
On the basis of the mec and ccr complex sequences, SCCmec is
classified into types I to VII (1, 25). Previous studies showed
that health care-associated (HA) MRSA (HA-MRSA) infec-
tions are generally caused by multidrug-resistant strains har-
boring SCCmec types I, II, and III but rarely SCCmec type IV
(26, 38, 47, 52). On the other hand, community-associated
(CA) MRSA (CA-MRSA) strains carry SCCmec type IV, V, or
VII; are commonly susceptible to the majority of non-�-lactam
antibiotics; frequently produce the Panton-Valentine leukocidin
(PVL); and differ in their pulsed-field gel electrophoresis (PFGE)

patterns (38). Recent studies have reported that CA-MRSA
strains are spreading in hospital settings and are replacing tradi-
tional HA-MRSA strains (44, 46, 47, 52).

Although the average prevalence of MRSA strains in
Switzerland has been lower than that in the surrounding
countries—between 0 and 6% of the first isolates of S.
aureus recovered, except in Geneva, where the rate is 20%
(2, 17, 19)—the incidence of MRSA infections is increasing.
Even though there are epidemiological data for MRSA in
Switzerland (2, 17, 20, 44, 47), the extent of the problem in
the central part of Switzerland is unknown. In this study, we
aimed at assessing the frequency, diversity, and clonal dis-
tribution of MRSA strains that were isolated at the Lu-
zerner Kantonsspital (LUKS) between January 2007 and
December 2008, in order to elucidate their origin and ways
of circulation within our institution. Moreover, in a 6-month
prospective study, we evaluated the effects of extended
health care-associated hygienic measures on nosocomial
MRSA transmission.

MATERIALS AND METHODS

Retrospective study. (i) Institutional review board approval. The study was
approved by the independent Ethics Committee of the Canton of Luzern in 2008
(approval no. 805).

(ii) Hospital setting and MRSA policy. LUKS is the largest nonuniversity
hospital in Switzerland and has a low average prevalence of MRSA (5% of
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the first isolates of S. aureus). It includes three hospitals at different geo-
graphical locations (Lucerne, Wolhusen, and Sursee) within a radius of 50 km
and provides stationary and ambulatory care services for over 130,000 patient
visits per year. The LUKS at Lucerne accounts for 600 beds, the LUKS at
Sursee for 150 beds, and the LUKS at Wolhusen for 110 beds. Since 2004,
LUKS has followed a search-and-destroy policy based on the guidelines
issued by the Dutch Society of Infection Prevention and Control (49, 51).
Briefly, this policy requires all patients transferred from geographical areas
with a high prevalence of MRSA, the contacts of MRSA carriers, and other
patients at high risk for MRSA infection to be isolated at the time of hospital
admission until screening cultures (from nasal and inguinal swabs) have
proven negative (“search”). The MRSA carriers are then isolated and de-
contaminated (“destroy”) (49, 51).

(iii) Epidemiological data. The following data were collected from the dis-
charge records for each MRSA case: demographics, dates of admission and
discharge, hospitalization within the past 12 months, past or present MRSA
colonization or infection, and underlying diagnosis. MRSA infection was defined
as any clinical infection with a positive culture for MRSA.

The strains were classified as either CA- or HA-MRSA, according to the
standard epidemiological definitions of the Centers for Disease Control and
Prevention (CDC) (5). Such strains were defined as CA-MRSA if MRSA was
detected in an outpatient setting or by a positive culture for MRSA within 48 h
after hospital admission. Moreover, CA-MRSA carriers should not have had (i)
a medical history of MRSA colonization or infection; (ii) a history of hospital-
ization, admission to a nursing home or hospice, dialysis, or surgery during the
previous year; or (iii) permanent indwelling percutaneous catheters or medical
devices. Strains that did not meet the definition of CA-MRSA were classified as
HA-MRSA. Seventy-eight MRSA strains that were isolated from various clinical
specimens from inpatients and outpatients between 2007 and 2008 were included
in this study. All strains were unique isolates from different patients. Nosocomial
clusters were defined as two or more patients who were hospitalized on the same
ward within a 6-month period and who harbored identical MRSA isolates (2).

(iv) Bacterial strains, culture, identification, and susceptibility testing. The
identification of S. aureus was performed by standard laboratory methods and
was confirmed by analysis with a Vitek 2 instrument (bioMérieux, Marcy l’Etoile,
France). Resistance to methicillin was detected by screening on commercial
chromID MRSA agar medium (Mueller-Hinton oxacillin; bioMérieux) (42) and
was confirmed by PBP 2a agglutination (Slidex MRSA detection assay; bio-
Mérieux). Antimicrobial susceptibility testing (see Table 2) was performed by the
disk diffusion method on Mueller-Hinton agar, according to the guidelines of the
Clinical and Laboratory Standards Institute (CLSI) (7). mecA was detected from
swabs or S. aureus colonies by PCR with an Xpert-MRSA detection kit (Cepheid,
Sunnyvale, CA), according to the instructions of the manufacturer or as de-
scribed previously (45).

(v) Pulsed-field gel electrophoresis. PFGE following SmaI digestion was per-
formed according to the HARMONY protocol (8, 37). Intra- and intergel PFGE
runs were normalized with S. aureus strain BB255 (39). Band assignments were
manually adjusted after automatic band detection; bands ranging from 36 kb to
600 kb were considered for analysis in the study. Comparison and grouping of the
PFGE patterns were performed with BioNumerics (version 5.1) software (Ap-
plied Maths, St-Martens-Latem, Belgium). PFGE types and subtypes were de-
fined by groups formed at 80% and 95% Dice similarity cutoffs (4, 13, 33, 37) on
a dendrogram constructed by the unweighted-pair group method using average
linkages (UPGMA), as described by Faria et al. (16). The groups defined at these
thresholds were previously shown to approximate those defined by use of the
criteria of Tenover and others for visual PFGE type definition (4, 37, 48). Types
were labeled with a number, and subtypes were labeled with a letter. Each type
and its subtypes were considered to belong to the same clone. If more than five
isolates showed an indistinguishable pattern, they were considered members of a
predominant clone (2, 48).

(vi) SCCmec typing and detection of PVL genes. SCCmec types were deter-
mined by a multiplex PCR strategy which generates a specific amplification
pattern for SCCmec types I to VI (34, 35, 40). Untypeable strains were further
analyzed by ccr and mec gene complex typing (27). PCR detection of the PVL
genes (lukS-PV and lukF-PV) was performed as described previously (30).

Prospective study. A 6-month prospective study was carried out between
January and June 2009. Index patients were defined as nonisolated patients who
were hospitalized �24 h before MRSA was detected. For each index patient
discovered, contact patients and health care workers on the same ward were
screened for MRSA colonization by the use of nasal swabs.

RESULTS

Retrospective study. (i) Clinical and epidemiological data.
Seventy-eight MRSA strains were isolated from patients at the
three LUKS hospitals (Table 1). According to the CDC defi-
nition (5), 60 MRSA strains were HA-MRSA and 18 were
CA-MRSA. At the major hospital setting (LUKS at Lucerne),
most MRSA strains were isolated from patients in the Depart-
ment of Surgery (35%), followed by patients in the Depart-
ment of Internal Medicine (19%) and the Children’s Hospital
(19%). Five MRSA-positive patients were detected at the
LUKS at Sursee and seven were detected at the LUKS at
Wolhusen; all patients at those locations were hospitalized in
either the Department of Internal Medicine, the Department
of Surgery, or the Department of Gynecology and Obstetrics.
The ages of the patients ranged from 10 days to 92 years
(mean � standard deviation age, 48 � 29 years; median age, 58
years). Fifty-six patients (72%) were on an inpatient service
and 22 (28%) were outpatients at the time of the first MRSA
detection. Sixty-seven (86%) MRSA isolates were isolated
from skin and soft tissue specimens and 11 (13%) were isolated
from other body sites. A relevant proportion of the MRSA

TABLE 1. Demographics, clinical background, type of MRSA
carriage, and type of specimens for the 78 MRSA-positive

patients detected at the three acute-care hospitals of
LUKS between 2007 and 2008

Characteristic Value

Demographic data
Mean � SD (median) age (yr) ........................................48 � 29 (58)
No. (%) of patients

Male................................................................................. 47 (60)
Of foreign origin ............................................................ 24 (31)
With previous hospitalization (12 mo)........................ 33 (42a)
With previous institutionalization

(nursing home, prison).......................................... 13 (17)
Transferred from a hospital in a

high-prevalence area.............................................. 7 (9)

Clinical background (no. �%� of patients)
Outpatients ......................................................................... 22 (28)
Inpatients ............................................................................ 56 (72)
LUKS location

Lucerne ........................................................................... 66 (85)
Surgery ........................................................................ 27 (35)
Internal medicine ....................................................... 15 (19)
Pediatrics..................................................................... 15 (19)
Gynecology and obstetrics ........................................ 8 (10)
Otorhinolaryngology .................................................. 1 (1)

Sursee .............................................................................. 5 (6)
Wolhusen ........................................................................ 7 (9)

Type of MRSA carriage (no. �%� of patients)
HA-MRSAb ........................................................................ 60 (77)
CA-MRSAb......................................................................... 18 (23)
Specimen type

Associated with infection .............................................. 45 (58)
Abscess/tissue ............................................................. 15 (19)
Wound......................................................................... 14 (18)
Skin or subcutaneous lesions.................................... 4 (5)
Urine............................................................................ 6 (8)
Other body sites ......................................................... 6 (8)

Associated with colonization ........................................ 33 (42)

a The value of 42% includes all hospitalizations in Switzerland as well as
abroad.

b According to the CDC definition (5).
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isolates were associated with infection (53% of the HA-MRSA
isolates and 72% of the CA-MRSA isolates), mostly abscesses
(33%) or wound infections (31%) (Table 1). In 10 cases (13%),
bacteremia followed infection. MRSA carriage was associated
with a previous hospitalization in Switzerland (33%), transfer
from a hospital in an area at high risk for MRSA (such as
southern Switzerland, Spain, Italy, or France; 9%), residence
in a nursing home (17%), or, in general, a history of migration
or travel (31%).

(ii) Characterization of MRSA strains. The MRSA isolates
were analyzed by SCCmec typing. Four different SCCmec types
were detected. Surprisingly, only very few isolates showed the
PCR patterns of the traditional nosocomial SCCmec types I
(n � 3) and II (n � 5), with those isolates representing 10% of
all isolates, whereas SCCmec type III isolates were completely
absent. The majority of the MRSA isolates carried SCCmec
type IV (n � 58; 74%) or type V (n � 12; 15%) (Fig. 1).
Symptomatic infection with MRSA strains was, to various ex-
tents, associated with the four SCCmec types (67% for type I,
83% for type II, 48% for type IV, and 92% for type V).

MRSA strains carrying SCCmec type I were resistant to
ciprofloxacin (100%), clindamycin and tobramycin (67%),
erythromycin (33%), and gentamicin (33%). Strains carrying
SCCmec type II were characterized by 100% resistance to
ciprofloxacin, erythromycin, and tobramycin and by 80% resis-
tance to clindamycin. A high proportion of the SCCmec type
IV isolates showed resistance to clindamycin (64%) and eryth-
romycin (33%). Finally, SCCmec type V MRSA strains were
characterized by frequent resistance to aminoglycosides. Without
exception, all MRSA isolates were susceptible to vancomycin,
rifampin, and trimethoprim-sulfamethoxazole (Table 2).

The MRSA strains were also screened for the presence of
the PVL genes (lukS-PV and lukF-PV). Twenty-two isolates
(28%) carried the genes for PVL, which was strongly associ-
ated with SCCmec type IV and V MRSA strains (of which 21%
and 83%, respectively, carried the PVL genes) (Fig. 1). A high
proportion of the PVL-positive isolates showed resistance to
gentamicin (45%), tobramycin (41%), ciprofloxacin (27%),
and erythromycin (23%), whereas 23% were pansusceptible
(except to the �-lactams) (Table 2). Ninety-one percent (n �
20) of all PVL-positive MRSA strains were associated with
infection (55% with abscesses/furunculosis, 25% with skin or
soft tissue infections, and 20% with wound infections).

Molecular typing by means of PFGE indicated that 59%
(n � 46) of all MRSA strains belonged to four epidemiologi-
cally dominant genetic lineages: PFGE patterns 1 (n � 10), 11
(n � 7), 18 (n � 23), and 24 (n � 6) (Fig. 2). Three strains
showed PFGE pattern 6B, which was indistinguishable from
the pattern of CA-MRSA strain USA300. PFGE type 18 car-
ried SCCmec type IV and was detected in HA-MRSA strains
only, while PFGE type 11 carried SCCmec type IV and was
mostly detected (86%) in HA-MRSA strains. PFGE type 1A
carried SCCmec type V, often exhibited PVL (67%), and was
found in both HA-MRSA and CA-MRSA strains. As expected,
PFGE type 1B-SCCmec type II was exclusively found among
HA-MRSA isolates. MRSA strain PFGE type 24-SCCmec
type V was characterized by the uniform presence of PVL
(100%) and was found in both CA-MRSA and HA-MRSA
strains. A high degree of genetic diversity was observed among
sporadic clones (41%), which accounted for clusters of one to
three patients and which represented 21 PFGE types (Fig. 2).

(iii) Epidemiological results. MRSA strains showing the
predominant genotype, PFGE type 18-SCCmec type IV, were
isolated at all study sites (LUKS at Lucerne, Sursee, and Wol-
husen) (Fig. 3). The presence of this particular strain had
already been recorded at the LUKS at Lucerne in 2005 (De-
partment of Surgery), and the same strain was also isolated
from patients transferred from hospitals in regions at high risk
for MRSA. Moreover, several residents of three different nurs-
ing homes in our area carried this genotype. The nosocomial
transmission of this strain was verified in five cases. Three of
them involved concomitant hospitalization in the Department
of Surgery in the LUKS at Lucerne, whereas two cases in-
volved residents of the nursing homes mentioned above who
were eventually hospitalized in the LUKS at Wolhusen. Ver-
tical mother-to-child and nosocomial PFGE type 11-SCCmec
type IV MRSA transmission was observed during a small out-
break in the intensive care unit of the Children’s Hospital

FIG. 1. Prevalence of SCCmec types at the LUKS hospitals over a
2-year period (2007 and 2008).

TABLE 2. Characteristics of the MRSA isolates grouped by SCCmec type

SCCmec
type

No. of MRSA
strains

No. (%) of
HA-MRSA

strainsa

No. of
dendrogram

profiles

No. (%) of
PVL-positive

strains

No. (%) of strains resistant tob:

CIP CLI ERY MLS GEN RIF SXT TOB VAN

I 3 3 (100) 2 0 3 (100) 2 (67) 1 (33) 0 1 (33) 0 0 2 (67) 0
II 5 5 (100) 1 0 5 (100) 4 (80) 5 (100) 1 (20) 0 0 0 5 (100) 0
IV 58 46 (79) 25 12 (21) 37 (64) 3 (5) 19 (33) 11 (19) 3 (5) 0 0 4 (7) 0
V 12 6 (50) 3 10 (83) 2 (17) 0 1 (8) 1 (8) 10 (83) 0 0 10 (83) 0

a On the basis of the CDC definition (5).
b CIP, ciprofloxacin; CLI, clindamycin; ERY, erythromycin; MLS, macrolide-lincosamide-streptogramin B; GEN, gentamicin; RIF, rifampin; SXT, trimethoprim-

sulfamethoxazole; TOB, tobramycin; VAN, vancomycin.
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(LUKS at Lucerne) and involved three neonates and one
mother. After 5 months, the same strain was isolated from a
neonate on the same ward. Moreover, this clone was previously
found in a health care worker of the Department of Gynecol-
ogy and Obstetrics of the LUKS at Lucerne who had given
birth at the same clinic 5 months prior to the outbreak men-
tioned above. Another cluster comprised four patients from
Macedonia and Bosnia-Herzegovina who were infected with a
PVL-producing clone (PFGE type 1A-SCCmec type V) show-
ing resistance to aminoglycosides (Fig. 4). Another PVL-pro-
ducing clone (PFGE type 24-SCCmec type V) was isolated
from three infected patients originating from Albania and Ser-
bia and from a child with a heel wound after returning from
holidays in Spain (Fig. 4). This clone also caused nosocomial
postoperative wound infections in two patients who were hos-
pitalized on the same ward within a period of 2 months (De-
partment of Surgery, LUKS at Lucerne). More cases that were
epidemiologically linked were identified among family mem-
bers or residents of nursing homes. We detected one case of
vertical transmission of USA300 (PFGE type 6B-SCCmec type
IV) from a mother of African origin to her child. In addition,
this strain was also found in an HIV-positive woman originat-
ing from Cameroon (Fig. 4).

Prospective study. Between January and June 2009, for each
new index patient the whole ward was screened for MRSA
colonization by collecting nasal swabs from patients and med-
ical and nursing staff. In total, four index patients were discov-
ered during this study period. (i) The first index patient was a
5-year-old child originating from Albania who had a labial
abscess and who was hospitalized at the Children’s Hospital.
Screening of 10 patients and 48 health care workers was per-
formed. No MRSA transmission could be detected. (ii) The
second index patient was a 61-year-old patient with cancer who
was transferred from Spain and hospitalized at the Clinic of
Internal Medicine. Fifteen patients and 28 members of the
hospital staff were screened, again with negative results. (iii)
The third index patient was a 78-year-old man hospitalized in
the rehabilitation ward for 27 days prior to the isolation of
MRSA from urine. Fifty-seven employees from the rehabilita-
tion ward, 25 employees from the dialysis ward, and 35 patients
were screened. One patient was colonized with a MRSA strain
resistant only to �-lactams. Molecular characterization of the
two strains by PFGE showed two different patterns. (iv) The
final index patient was a 50-year-old man with a diabetic foot
infection who was found to be MRSA positive during surgery.
Thirty patients and 44 hospital staff members were monitored,
and all yielded negative results.

In total, 289 extended screenings were performed. Only a
single MRSA carrier was discovered, but nosocomial transmis-
sion could safely be excluded.

DISCUSSION

In the present report, we provide retrospective epidemiolog-
ical data and data on the molecular characterization of 78
consecutive single-patient MRSA isolates discovered during a
2-year period in the major nonuniversity academic teaching
hospital in Switzerland, in order to elucidate the genetic pool
and potential emergence of unexpected MRSA strains. The
epidemiological data for the MRSA isolates revealed a prev-
alence of 5% in our institution with a 77% presence of
HA-MRSA, according to the CDC definition. SCCmec types
I to III have been reported to be the most frequent noso-
comial MRSA strains in the United States (10, 32), Europe
(8, 10), and Switzerland, i.e., 86% in Geneva (type I; 2003) and
45% in Basel (types I, II, and III; 2004) (20, 47). Surprisingly,
these types were either absent (type III) or present in very low
proportions (10%; types I and II) in our hospitals, whereas
molecular typing showed a clear overall predominance of
MRSA strains carrying SCCmec types IV and V (90%), which
are traditionally attributed to CA-MRSA strains (52). These
data confirm a tendency seen in previous studies from the
University Hospitals of Zurich (45%; type IV) and Basel (58%;
type IV) (44, 46) and in international studies that reported the
spread of CA-MRSA SCCmec type IV strains in hospital set-
tings in both Europe and the United States (12, 14, 21, 26, 32,
44, 47). To our knowledge, such high proportions of SCCmec
types IV and V as were found in our institution have not been
reported before. Further epidemiological classification of
the typed MRSA strains revealed that 87% of the HA-
MRSA strains found in our hospitals carried SCCmec type
IV or V. The predominance of HA-MRSA strains carrying
a CA genotype in our hospitals is significantly higher than

FIG. 2. Dendrogram showing the PFGE patterns of MRSA strains
representative of each type and subtype detected. Percent similarity
was calculated by use of the Dice coefficient (with a tolerance of 1%
and an optimization of 0.5%) and is represented by UPGMA. Bands
larger than 600 kb and smaller than 36 kb were not analyzed, due to
poor resolution. (a) PFGE pattern; (b) SCCmec type; (c) number of
isolates sharing the same PFGE pattern and SCCmec type. Pattern 6B
represents that for reference strain USA300.
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the values reported from previous studies performed in the
United States (49% to 56% CA genotypes causing HA in-
fections) (11, 32, 43) and Switzerland (43% of HA-MRSA
strains showing SCCmec type IV) (47).

Antimicrobial resistance patterns have been used to dis-
tinguish between CA-MRSA and HA-MRSA strains, with
CA-MRSA strains showing greater susceptibility to several
antimicrobial agents (usually gentamicin, clindamycin, and
trimethoprim-sulfamethoxazole) than HA-MRSA (11, 14, 32,
44). In our study, CA-MRSA strains showed greater suscepti-
bility than HA-MRSA strains to clindamycin (0% and 15%,
respectively), ciprofloxacin (39% and 67%, respectively), and
erythromycin (17% and 38%, respectively). On the other hand,
CA-MRSA strains had higher rates of resistance to gentamicin
(33% and 13%, respectively). However, by taking into account
the SCCmec types as well, the differences in the antimicrobial
resistance patterns were negligible. In fact, HA-MRSA strains
(n � 6) and CA-MRSA strains (n � 6) carrying SCCmec type
V did not show any differences in antibiotic susceptibility,
and HA-MRSA (n � 46) and CA-MRSA (n � 12) carrying
SCCmec type IV showed slight differences (for ciprofloxacin, 67%
and 50%, respectively; for clindamycin, 6% and 0%, respec-
tively; for erythromycin, 35% and 25%, respectively; for gen-
tamicin, 4% and 8%, respectively; for tobramycin, 9% and 0%,
respectively). A relevant proportion of the MRSA strains were
associated with infection (58%), mostly abscesses (33%) or

wound infections (31%). As a whole, 93% of all infections were
caused by MRSA strains carrying SCCmec types IV and V,
demonstrating that the majority of infections in our hospital
settings were caused by strains with the CA genotype.

Another classical feature of CA-MRSA is the production of
PVL, a bicomponent exotoxin that is frequently associated with
suppurative skin and soft tissue infections (15, 19, 22). Surpris-
ingly, we identified much higher rates of PVL-positive MRSA
strains (28%) than the ones reported from other European
countries (3 to 15%) (28, 50) or from other Swiss urban areas
(Basel, 1%; Zurich, 5%) (44, 47). The only study recording
high proportions (35%) of PVL-positive strains comes from
Geneva (2002 to 2005), but it was performed with a highly
selective collection of non-multidrug-resistant CA-MRSA
strains (17). In our study, PVL was strongly associated with
SCCmec type V (83%) and, to a lesser extent, type IV
(21%). Moreover, we could confirm that the PVL-positive
strains were strongly associated with infection (91%) and
predominantly caused abscesses or skin or soft tissue infec-
tions. The highly infectious CA-MRSA strain USA300 (21,
26) was only rarely detected in our institution.

In addition to the genetic and phenotypic characterization of
MRSA strains, the retrospective part of our study aimed at
monitoring the circulation of MRSA within the LUKS hospi-
tals. Molecular characterization of the MRSA strains revealed
that the majority of all strains isolated (59%) belonged to four

FIG. 3. Dendrogram of the predominant cluster of MRSA isolates showing the pattern PFGE type 18 and SCCmec type IV, together with the
antibiograms. Susceptibility is depicted in black, and resistance is depicted in red (CIP, ciprofloxacin; CLI, clindamycin; ERY, erythromycin; GEN,
gentamicin; RIF, rifampin; SXT, trimethoprim-sulfamethoxazole; TOB, tobramycin; VAN, vancomycin). Percent similarity was calculated by use
of the Dice coefficient (with a tolerance of 1% and an optimization of 0.5%) and is represented by UPGMA. Bands larger than 600 kb and smaller
than 36 kb were not analyzed, due to poor resolution.
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predominant genetic lineages, whereas the remaining sporadic
isolates showed a high degree of genetic diversity, suggesting
that new strains, which are likely to be imported from the expand-
ing community reservoir or from other countries, are adding up in
the LUKS pool. Although no large epidemic outbreaks were
observed, the circulation of MRSA strains and their local spread
within the LUKS hospitals could be partly disclosed, as several
nosocomial clusters were retrospectively identified. Interestingly,
the predominant clones PFGE type 18-SCCmec type IV, PFGE
type 1B-SCCmec type II, and PFGE type 1A-SCCmec type V
were isolated from patients hospitalized at all three locations of
LUKS. This reinforces the hypothesis of HA spread of these
genotypes as patients circulate inside one of the LUKS hospitals
and are also transferred from one LUKS hospital to another.
However, in an endemic situation in which MRSA is spread to the
surrounding institutions and to the community, proven clonality
does not provide compelling evidence of recent nosocomial trans-
mission. Thus, the main value of strain typing still lies in the
exclusion of nosocomial transmission by the disclosure of different
strains.

Taken together, the high proportions of HA-MRSA strains
carrying SCCmec types IV and V, together with the consider-
able occurrence of PVL-positive MRSA strains and the negli-
gible differences in the antibiotic resistance profiles of the CA-
and HA-MRSA strains, confirm the hypothesis of the extensive
infiltration of CA-MRSA in our hospital settings. These results
are in agreement with those provided by mathematical models
that predict the replacement of traditional HA-MRSA strains
by CA-MRSA strains, due to their higher growth rate and
greater fitness (3, 9). This is based on the observation that
CA-MRSA strains carrying small SCCmec type IV or V grow

faster and achieve higher infectious burdens than nosocomial
MRSA strains and, hence, have a selective advantage (29, 43).
The strong presence of CA-MRSA in hospital settings has
been predicted to have several important implications for in-
fection control, as the effectiveness of infection-control guide-
lines for the control of CA-MRSA is unknown and data from
outbreaks of CA-MRSA infections suggest that skin-to-skin
and skin-to-fomite contacts represent important routes of ac-
quisition of the infecting strains (3, 36, 38, 43, 46).

The unique constellation with a very high prevalence of
MRSA strains carrying a CA genotype disclosed in our
institution enabled us to test the adequacy of current hos-
pital hygiene measures to control outbreaks of in-hospital
CA-MRSA strains in a 6-month prospective study. Since
2004, LUKS has followed a search-and-destroy strategy (49,
51), which has been successfully implemented in Northern and
Western European countries with both low and high preva-
lences of MRSA (28, 31, 41) and in the United States (18).
From January to June 2009, 4 index patients were discovered
in our institution and 289 patients and health care staff mem-
bers were screened for MRSA carriage, but no nosocomial
transmission could be verified. However, our prospective study
should be interpreted in light of the limitations of the study.
First, the observational period was short and the MRSA inci-
dence rate during this time frame was low. Second, as the
transmission pathways of CA-MRSA are still unknown (34,
41), we might have missed colonized individuals by performing
only nasal screening. Despite these concerns, it must be stated
that epidemic outbreaks did not emerge throughout the 2.5-
year time frame of the study and nosocomial transmission was
not detected during the 6-month prospective study. Therefore,

FIG. 4. Dendrogram of PVL-positive MRSA strains. Specific PFGE patterns are shown, as are the SCCmec types and antibiograms. Suscep-
tibility is depicted in black, and resistance is depicted in red (CIP, ciprofloxacin; CLI, clindamycin; ERY, erythromycin; GEN, gentamicin; RIF,
rifampin; SXT, trimethoprim-sulfamethoxazole; TOB, tobramycin; VAN, vancomycin). Percent similarity was calculated by use of the Dice
coefficient (tolerance of 1% and an optimization of 0.5%) and is represented by UPGMA. Bands larger than 600 kb and smaller than 36 kb were
not analyzed, due to poor resolution.
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the search-and-destroy strategy seems to be adequate for lim-
iting the spread of these fitter CA-MRSA strains in an envi-
ronment with a low prevalence of MRSA.
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