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Staphylococcus epidermidis Colonization Is Highly
Clonal Across US Cardiac Centers
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Background. Little is known about the clonality of Staphylococcus epidermidis in the United States, although it is
the predominant pathogen in infections involving prosthetic materials, including ventricular assist devices (VADs).

Methods. Seventy-five VAD recipients at 4 geographically diverse US cardiac centers were prospectively
followed up to 1 year of VAD support. The anterior nares, sternum, and (future) driveline exit site were cultured for
S. epidermidis before VAD insertion and at 7 times after surgery. Infection isolates were also collected. Isolates were
typed by pulsed-field gel electrophoresis. A subset underwent susceptibility testing and staphylococcal chromosomal
cassette mec and multilocus sequence typing.

Results. A total of 1559 cultures yielded 565 S. epidermidis isolates; 254 of 548 typed isolates (46%) belonged to
1 of 7 clonal types as defined by pulsed-field gel electrophoresis. These clones were identified in up to 27 people
distributed across all 4 cardiac centers. They caused 3 of 6 VAD-related infections. Disseminated clones were more
antibiotic resistant than were less prevalent isolates (eg, 79% vs 54% methicillin resistant; P = .0021).

Conclusions. This study revealed that healthcare—associated S. epidermidis infection is remarkably clonal. We
describe S. epidermidis clones that are highly resistant to antibiotics distributed across US cardiac centers. These
clones may have determinants that enhance transmissibility, persistence, or invasiveness.

Clinical Trials Registration. NCT01471795.

Staphylococcus epidermidis is a common colonizer and the majority of them are multidrug resistant,

of the skin, oral, and nasal mucosa. Although it is which make these infections more difficult and ex-

usually part of the normal commensal flora, it is one
of the most frequent causes of catheter- and device-
related infections, including ventricular assist devices
(VADs) [1-3]. More than 70% of hospital isolates
may be methicillin-resistant S. epidermidis (MRSE),
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pensive to treat [4, 5].

The clonality of Staphylococcus aureus and methicillin-
resistant S. aureus (MRSA) has been extensively studied,
and it is well-recognized that MRSA has evolved from
a discrete number of major clonal lineages [6]. In
contrast, the clonality of S. epidermidis and MRSE is
less clear. Clinical isolates frequently belong to clonal
complex 2 (CC2), which includes the most commonly
isolated sequence type 2 (ST2) [7]. However, although
there has been the recognition of clonal outbreaks or
dominant clones in particular clinical settings [8—15],
data have suggested that S. epidermidis strains, including
MRSE, are generally highly diverse, especially in the
community [16].

A limited number of studies have indicated that there
may be geographic dissemination of particular MRSE
strains, either at the country level [17] or on a global scale
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[18, 19]. To our knowledge, the clonality of S. epidermidis colo-
nization has not been studied on a broad scale in hospitals in the
United States. Identifying highly successful S. epidermidis clones in
specific patients, such as those with VADs, beyond a specific
healthcare center would both have clinical relevance and may
provide insight into S. epidermidis epidemicity.

As a part of a multicenter, prospective, observational study of
infection and colonization of VAD recipients, we studied the
clonality of S. epidermidis carriage and infection at and across 4
geographically diverse cardiac centers in the United States.

METHODS

Study Design and Participants

The VAD Infection Study was a multicenter, prospective,
observational study conducted from 2006 through 2008 and
was coordinated by the International Center for Health
Outcomes and Innovation Research at Columbia University.
One hundred fifty participants with advanced heart failure
scheduled to receive a VAD were enrolled in the study at 11
cardiac centers and were followed up for 1 year (or until
death, device explant, and/or transplantation). All partic-
ipants gave informed consent, and the institutional review
board at each clinical center approved the study.

To study S. epidermidis colonization, samples were ob-
tained for surveillance culture from the following body sites
with premoistened culturettes (Becton Dickinson BBL Cul-
tureSwabs) before surgery: anterior nares, sternum, and future
driveline exit site (usually right, lateral, abdomen). After VAD
placement, the nares, sternal wound/site, driveline exit site, and
10 inches of the VAD driveline were swabbed at the following
times: 24—48 hours after the discontinuation of perioperative
antibiotics (or at 1 week if antibiotics were still being adminis-
tered), 2 weeks, 4 weeks (or at hospital discharge if this came
sooner), and 3, 6, 9, and 12 months.

To study S. epidermidis infection, S. epidermidis and other
coagulase-negative staphylococci not identified at the species
level that were isolated from clinical cultures (ie, blood
cultures) were sent to our laboratory. VAD infections were
reported by cardiac center investigators and confirmed by
a review of the medical record by an infectious diseases
specialist (R. G.). All infected individuals had clinical signs of
infection, and coagulase-negative staphylococci were either
cultured from a sterile site (eg, the pump pocket in the op-
erating room) or from multiple sites (eg, =2 blood cultures,
driveline drainage, and drainage from the pump pocket), as
reported by the centers’ clinical microbiology laboratories.

We analyzed 1513 surveillance cultures and 46 clinical
specimens obtained from all 75 left ventricular assist device
(LVAD) recipients enrolled at 4 of the 11 clinical centers.
These centers were chosen for their geographic diversity: New
York—Columbia Presbyterian Medical Center, New York (center

1); Aurora St Luke’s Medical Center, Wisconsin (center 3); Ad-
vocate Christ Medical Center, Illinois (center 12); and Sacred
Heart Medical Center, Washington State (center 13).

Specimen Processing

Samples were processed for S. epidermidis. Swab tips were
sterilely placed into 1.5-mL Eppendorf tubes, vortexed with
1 mL of Todd-Hewitt broth, and incubated at 37°C
(>200 rpm) for 3 hours; 100 pL was then plated onto Co-
lumbia CNA agar plus 5% sheep blood. CNA plates were in-
cubated at 37°C for 72 hours and then kept at room
temperature for 48 hours. Each colony with a unique mor-
phology consistent with coagulase-negative staphylococci was
randomly selected and isolated on blood agar plates for fur-
ther species identification [20]. Overnight cultures of all iso-
lates were frozen with 20% glycerol and stored at —80°C.

Species Identification

Single colonies were confirmed to be S. epidermidis by amplifi-
cation by polymerase chain reaction of the tuf gene using specific
primers for the species, according to Martineau et al [21].

Pulsed-Field Gel Electrophoresis

Pulsed-field gel electrophoresis (PFGE) was the primary method
used to define clonality in this study. All isolates were typed using
PFGE with the exception of 17 isolates that were not retrievable.
DNA from S. epidermidis isolates was prepared in agarose disks as
previously described [22]. After Smal digestion, DNA fragments
were separated in a contour-clamped homogeneous electric field
apparatus (CHEF-DRII; Bio-Rad). PFGE images were captured,
archived, and analyzed using Bionumerics software coupled with
the GelDoc 100 System (Bio-Rad). We constructed dendrograms
showing percentage of relatedness with use of the Dice coefficient
method with 0.8 optimization and 1.3% position tolerance.
Clusters were designated by Bionumerics using a >79% cutoff
and confirmed by manual visualization [23] and were identified
by arabic numbers. When a single culture yielded S. epidermidis
isolates with different morphologies but with an identical PEGE
pattern, only 1 of the isolates was included in further analyses.
Sixteen isolates, corresponding to 2-3 representatives of each
of the 7 most predominant clusters, were also compared with
a large non-US geographically diverse sample of S. epidermidis
isolates [18] by PFGE, multilocus sequence typing (MLST), and
SCCmec typing.

Multilocus Sequence Typing

Sixteen isolates representative of the 7 most predominant
clonal types, as defined by PFGE, were selected for charac-
terization by MLST using the method described by Thomas
et al [24] goeBURST (http://goeburst.phyloviz.net) was used
to assess the relationships among the predominant sequence
types identified in the study with all available data in the
database (www.mlst.net) as of 25 October 2011.
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Antibiotic Susceptibility Testing

One hundred isolates representative of the 7 most prevalent
clones and 50 randomly selected, less prevalent isolates un-
derwent testing using the Kirby-Bauer disk diffusion method
according to guidelines of the Clinical Laboratory Standards
Institute [25]. The following antibiotics were tested: penicillin,
cefoxitin, oxacillin, tetracycline, gentamicin, rifampin, levo-

floxacin, linezolid, and trimethoprim-sulfamethoxazole.

SCCmec Typing

MRSE isolates that underwent MLST (representatives of the 7
most predominant clonal types) were also selected for SCCmec
typing. SCCmec types were defined using a combination of the
class of the mec complex and the ccr type [7, 26]. Isolates were
considered to be nontypeable when the results did not corre-
spond to any of the SCCmec types I-XI.

Statistical Analysis

A robust repeated-measures analysis was performed to de-
termine whether cultures were more likely to be positive for
S. epidermidis at certain clinical centers and/or culture sites.
The GENMOD procedure, which uses generalized estimating
equations to account for correlated data collected over time,
was used to investigate associations and generate odds ratios
(ORs) and P values [27]. The same procedure was used to test
the hypothesis that particular clones of S. epidermidis would
be more prevalent at particular clinical centers, culture sites,
or times. The GENMOD procedure was also used to test the
hypothesis that the 7 most prevalent isolates would be more
resistant to antibiotics, compared with less prevalent isolates.

Samples were collected from (1) different culture sites
from the same person, (2) different times from the same
person, and (3) different people at the same clinical center.
Because these repeated measurements were likely correlated,
the GENMOD procedure was used to model a correlation
structure, commonly referred to as a covariance pattern.
Of the various covariance structures to choose from, the
exchangeable structure provided the best fit. This model
allows for improved estimates of the standard errors of
measurement and also allows for estimates at all times if data
can be assumed to be missing at random [27].

P values < .05 were considered statistically significant but
were not adjusted for multiple comparisons and type I error.
Data were analyzed using SAS system software, version 9.1.3
(SAS Institute).

RESULTS

S. epidermidis Frequency Among Cardiac Centers

Although 75 participants (Table 1) were enrolled in the study,
only 74 had cultures performed for S. epidermidis. Overall, 1513
surveillance samples were collected, of which 425 (28.1%) were
positive for at least 1 S. epidermidis isolate (Table 2).

Table 1. Patient Characteristics (n = 75)
Characteristic No. (%)
Age, years, mean = SD (range) 58 = 13 (21-82)
Male sex 65 (87)
Race
White 52 (69)
Black 21 (28)
Other 2 (3)
Hispanic or Latino ethnicity 3 (4)
Ischemic etiology of heart failure 38 (51)
History of:
Myocardial infarction 33 (44)
Coronary artery bypass graft surgery 21 (28)
Chronic obstructive pulmonary disease 13(17)
Chronic renal insufficiency 23 (31)
Diabetes 23 (31)
Valve replacement surgery 20 (13)
Currently has or was on:
Central line 25 (33)
Permanent pacemaker 47 (63)
Automatic intracardiac defibrillator 59 (79)
Intraaortic balloon pump 16 (21)
Mechanical ventilation 7 (9)

Surveillance samples from center 3 were more likely to be
positive for S. epidermidis than were those from center 1 (OR,
1.90; P = .006), and sample positivity across all 4 clinical
centers differed with near statistical significance (x* = 7.65;
P = .05). In total, 565 S. epidermidis isolates were obtained
from the 4 selected cardiac centers, including 519 isolates
from surveillance and 46 clinical isolates. Eighty-nine samples
yielded >1 S. epidermidis strain according to PFGE cluster

types.

S. epidermidis Distribution Among Different Collection Sites

A total of 398 anterior nares, 396 sternum/sternal wound,
397 driveline/driveline exit site, and 322 driveline (the first
10 inches) surveillance samples were obtained. The per-
centage of positivity differed among the different culture
sites (x* = 46.19; P < .0001). Samples from the nares were
most likely to be positive (48%), followed by the sternum/
sternal wound (34%), the LVAD driveline (18%), and the
driveline exit site (11%).

Molecular Characterization of S. epidermidis

Five hundred forty-eight of the 565 S. epidermidis isolates
were successfully typed using PFGE. A total of 491 (89.6% of
isolates) were grouped into 71 PFGE clusters (cluster size =2),
whereas 57 (10.4%) were found to be sporadic isolates. Four
clusters were particularly large (eg, PFGE cluster 22 [77 iso-
lates], 11 [61 isolates], 12 [51 isolates], and 33 [31 isolates]),
whereas the other 67 clusters included 2—17 isolates.
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Table 2. Staphylococcus epidermidis Culture Data, by Clinical Center

Surveillance

Surveillance Cultures Positive Surveillance Other SE
Clinical Center Participants Culture Swabs for =1 SE Isolate SE Isolates Isolates
ID No. (n =74 (n =1513) (425; 28.1%), No. (%)? (n=519° (n = 46)°
1 23 388 96 (24.7) 113 6
3 10 246 93 (37.8)° 116 26
12 28 624 170 (27.2) 199 10
13 13 255 66 (25.9) 91 4

Abbreviations: SE, Staphylococcus epidermidis; VAD, ventricular assist device.

@ Surveillance culture sites: the anterior nares, sternum (preimplantation) or sternal wound, future (preimplantation) or current driveline exit site, and the first 10

inches of the VAD driveline.

® Cultures yielded from 1-3 different SE strains.

¢ Other SE isolates included 39 clinical isolates and 7 cultures performed at VAD explantation.

9 Surveillance cultures from center 3 were more likely to be positive, compared with cultures obtained at center 1 (odds ratio, 1.90; P = .006).

Molecular characterization of representative isolates belong-
ing to the 7 most widely distributed PFGE clusters (see below)
by MLST and eBURST showed that a total of 7 different STs
were found (Figure 1). Four STs belonged to former CC2,
which is now CC5 (because of a change in the defined ancestor
of this big clonal complex from ST2 to ST5). Moreover, we
verified that isolates belonging to these more prevalent clusters
either carried SCCmec type IV (5 isolates) or a nontypeable
SCCmec structure (4 isolates) (Figure 2).

Dissemination of S. epidermidis Clonal Types

We investigated which clusters were identified in the greatest
number of individuals, because this cluster analysis did not
control for multiple identical specimens from the same per-
son (Table 3). PFGE cluster types 3, 4, 11, 12, 22, 25, and 33
were the 7 most commonly shared clusters and were detected
in 8-27 individuals at least once. These 7 cluster types ac-
counted for 254 (48%) of the S. epidermidis isolates collected
in the study. Of interest, these S. epidermidis clusters were

127

]
/
e

212

192

Figure 1.

a7

131

167

262

402

193

137 32
2
24
el ! 173 s w ¥ e
395 281 105 | B W 49-
Ny . / s -‘29“—7-247_,_,_5“_/-/
55— 5 M !
— 307 19 18 /
= 141 17 T - »0 28 -
{ 398 263
147 4
m a8 401 ~
109 106 P 174
/ Mg

21 ) W

8
21146 12 \

Z ~
_7_ja—195 66

12 287

7%
2 283
259
215 5 i
\14_,_,-—- Gy

&—f— a1

= | ,l% /
s /25_0 40 18.‘4 =

L

292
/ w90 /
/ 1

% B
\ /
116 7
274 3

bi)

224

Analysis of multilocus sequence typing data with goeBURST (http://goeburst.phyloviz.net). This figure includes all available data in the

database (www.mlst.net) as of 25 October 2011. Predicted founders of each clonal complex are shown in light green. Subgroup founders are depicted in
dark green. Single-locus variants are shown in blue. Dark circles indicate sequence types that were identified in this study.

1394 o JID 2012:205 (1 May) e Gordon et al


http://goeburst.phyloviz.net
www.mlst.net

USA4275-11 USA [+]

USA4879-11 USA C NT 23
USA3519-3 USA [¢ NT 69
USA5029-3 USA [¢] v 69

GREG62 Greece NA NT 22
URU91 Uruguay I v 2
USA4374-4 USA [¢ NT 5
USA6316-4 USA C MSSE 7
CV94 Cape Verde C NT 2
DEN55 Denmark [] v 70
DEN185 Denmark C v 21
ICE111 Iceland [+] v 21

USA4370-25 USA [¢ MSSE 16

USA3741-25 USA ] v 16

USA2452-12 USA C v 5

USA3817-12 USA [+ v 5
USA4734-3 USA [¢ v 5

USA4757-12 USA C v 5

DEN178 Denmark [¢] v 5
HFF385 Portugal [+] v 57
ICE192 Iceland C v 5
USA3109-33 USA C v 83
USA763-33 USA [¢] v 83
ICE155 Iceland ] 11 2
USA4360-22 USA C NT 2
USA5334-22 USA C NT 2
JAP256 Japan ] NT 80

Figure 2. Similarity of pulsed-field gel electrophoresis (PFGE) macrorestriction profiles of representative US Staphylococcus epidermidis isolates and
isolates collected internationally. Strain names, geographical origin, relevance (infection [I] or colonization [C]), SCCmec type, and sequence types (STs)
are shown. A dendrogram was performed to compare the PFGE profiles using Bionumerics software. e-BURST was used to assess clonal complexes
(www.mlist.net). *mec complex/ccr type; MAll isolates belonged to clonal complex 5 (CC5). Abbreviation: NT: nontypable.

not restricted to particular clinical centers. Five of these
commonly shared cluster types were identified in all 4 clinical
centers, whereas cluster types 3 and 4 were detected in 3 centers.
Nine less disseminated clusters (identified in <8 individuals) were
also identified in persons at multiple clinical centers: cluster
19 at 4 geographic locations and clusters 1, 5, 7, 20, 23, 47, 50,

Table 3. Dissemination of the 7 Most Common Pulsed-Field Gel
Electrophoresis Cluster Types

No. of Persons
in Whom the Cluster

Centers Where the

PFGE Cluster Cluster Type

Type Was Isolated® Type Was Isolated
11 1,3,12,13 27
12 1,3,12,13 27
22 1,3,12,13 24
33 1,3,12,13 15
3 1,3,12 10
4 1,12,13 8
25 1,3,12,13 8

Abbreviation: PFGE, pulsed-field gel electrophoresis.

@ Center 1, New York-Columbia Presbyterian Medical Center, New York;
center 3, Aurora St Luke's Medical Center, Wisconsin; center 12, Advocate
Christ Medical Center, lllinois; and center 13, Sacred Heart Medical Center,
Washington.

and 51 from 3 geographic locations. Isolates from 36 other
clusters were identified in at least 2 of the clinical centers.

Colonization with S. epidermidis within individuals was
complex. Participants could be colonized with different
cluster types at the same time, and individual carriage with
different cluster types was variable over time.

Each cluster type was examined in a repeated-measures
analysis to determine whether particular clusters were asso-
ciated with certain clinical centers or collection sites. Cluster
type 22 was more likely to be isolated from the sternum than
from the nares (OR, 1.65; P = .0093); however, there were no
other statistically significant associations between cluster
type and culture site. There were, however, certain clusters
that were more predominant at certain clinical centers. PFGE
cluster types 3 (OR, 9.04; P = .04), 4 (OR, 9.16; P = .05), and
11 (OR, 10.12; P = .003) were more likely to be isolated from
center 12 than from center 1. Cluster type 11 was also more
likely to be associated with center 13 than with center 1
(OR, 6.25; P = .04), whereas cluster 33 was associated with
center 1, compared with center 3 (OR, 12.50; P = .02).
Cluster types 12, 22, and 25 were not more likely to be iso-
lated from one clinical center than from another.

The PFGE macrorestriction patterns of representative
isolates of the most prevalent cluster types identified in our
study were compared with the macrorestriction patterns of
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S. epidermidis strains from a large international database to
determine whether they existed on a broader scale outside
the United States. All of these isolates were closely related
(similarity index, >79%) to isolates obtained from other
countries in Europe (Denmark, Iceland, Portugal, and Greece),
South America (Uruguay), Asia (Japan), and Africa (Cape
Verde), although they could be different STs and carry different
SCCmec types (see Figure 2).

Antimicrobial Susceptibility of S. epidermidis Isolates:
Comparing Highly Disseminated With Less Disseminated Clonal
Types

One hundred fifty isolates, including isolates of the 7 most
disseminated cluster types (100 isolates) and less dissemi-
nated cluster types (50 isolates), were compared for their
susceptibility to antimicrobials (Table 4). There were high
rates of resistance to all of the antibiotics listed in Table 4,
with the exception of tetracycline (14% resistant). Overall, 71%
of the isolates were considered to be methicillin resistant
because they were resistant to cefoxitin as assessed by disk
diffusion. Isolates belonging to the 7 most prevalent cluster
types were more likely to be methicillin resistant, compared
with the less prevalent isolates (79% vs 54% MRSE; P = .0021).
The most prevalent cluster types were also more likely to be
resistant to clindamycin, erythromycin, and levofloxacin. There
was increased resistance to trimethoprim-sulfamethoxazole
with near significance. There were no statistically significant
differences in resistance to penicillin, gentamicin, rifampin,
and tetracycline. Two isolates were resistant to linezolid.

Table 4. Antibiotic Susceptibility: Comparing Staphylococcus
epidermidis Isolates From the 7 Most Commonly Shared Cluster
Types to Less Disseminated Isolates

Most Less
Disseminated Disseminated

Isolates® Isolates

(n =100), (n = 50),
Antibiotic % Resistant® % Resistant P Value
Cefoxitin® 79 54 .0021
Clindamycin® 74 44 .0004
Erythromycin 86 58 .0019
Gentamicin 46 36 .3588
Levofloxacin 77 48 .0010
Penicillin 98 92 .1070
Rifampin &5 32 .1326
Tetracycline 18 6 .1043
Trimethoprim- 73 56 .0680

sulfamethoxazole

@ Most disseminated cluster types: 3, 4, 11, 12, 22, 25, and 33.

® |solates with intermediate resistance were considered resistant.

¢ Cefoxitin resistance is the marker for methicillin resistance.

9 Isolates with inducible resistance were considered resistant.

S. epidermidis Isolates Collected From Infections

Six participants had confirmed coagulase-negative staphylo-
coccal VAD infections. One infection solely involved the
pump pocket, and the remaining 5 infections involved mul-
tiple sites, including the bloodstream. Sixteen clinical isolates
from 5 of these participants were sent to our laboratory and
confirmed to be S. epidermidis. Three (50%) of the infected
participants were infected with 1 of the most prevalent clonal
types in the study (1 with cluster 11, 1 with cluster 12, and
another with a cluster 22 strain). The participants infected
with cluster 11 and 12 strains were previously colonized with
the same strain. We were unable to show that the participant
infected with a cluster 22 strain was previously colonized
with the same strain. Two other subjects were infected with
less prevalent strains, and neither was previously colonized
with the same strain.

DISCUSSION

Staphylococcus epidermidis has been regarded as a highly
diverse species, although particular strains have been rec-
ognized as colonizing patients and causing infections in
particular clinical settings. Several studies have identified
similar strains in different wards in a hospital [9-15, 28], and
few studies have identified clones in different hospitals in
a country [17] or clones distributed across different coun-
tries [18, 19]. To our knowledge, this is the first observa-
tional study to examine S. epidermidis clonality in a cohort of
patients at geographically diverse sites that included epide-
miologic, microbiologic, and clinical data. This prospective,
multicentered study of the epidemiology of VAD infection
offered the opportunity to examine the diversity of S. epidermidis
among hospitals in the United States during a defined period.

We observed that, similar to S. aureus, clones of multidrug-
resistant S. epidermidis have disseminated across the United
States. The 7 most prevalent clonal types accounted for almost
half of the isolates that were obtained from 74 participants,
3 of which were identified in approximately one-third of
the study participants. Although some of the strains were
more likely to be found at certain clinical centers, the strains
were distributed among 3—4 of the centers.

All of the most prevalent strains have also been identified in
other countries, indicating the international dissemination of
these S. epidermidis clones. These strains belong to the most
successful S. epidermidis genetic lineage, CC5 (formerly CC2).
The extent of dissemination observed may be explained, in part,
by the presence of virulence factors, such as the arginine cata-
bolic mobile element and biofilm, already described to be as-
sociated with this lineage [19, 29].

The geographic dissemination of particular MRSE strains
was previously observed. A study in Sweden demonstrated
that 3 MRSE clones spread throughout the wards of a county
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hospital. One of the strains had been previously identified at
a referral hospital, indicating either possible transmission or
wider dissemination of this strain [17]. In another compre-
hensive study, in which healthcare—associated S. epidermidis
isolates from Denmark and Iceland were compared, 12 PEGE
macrorestriction patterns were found to be common to both
countries, some of which were also identified in isolates
collected from other countries, such as Greece, Cape Verde,
Mexico, and Uruguay, suggesting the international dissem-
ination of different MRSE clones [18]. Other investigators
used MLST to compare isolates from Germany with those
from Ireland, Norway, and 5 areas in North America. With
the caveat that MLST is less discriminatory than PFGE, 5
sequence types were identified as being present in >1
country [19].

Although MLST with SCCmec typing would be the most
appropriate method to study global epidemiology [24], in
this study, we aimed to study clonality in individuals at
a variety of cardiac centers. Therefore, we chose PFGE as the
primary typing method in our study because of its high
discriminatory power. Figure 2 demonstrates that MLST and
SCCmec typing generally supported the PFGE cluster as-
signments. There is some variability of PFGE patterns in
a sequence type, which is common in S. epidermidis [7, 23].
This has been previously shown to result from the insertion
and excision of mobile genetic elements at specific loci, such
as SCCmec elements [30]. Furthermore, several isolates had
a nontypeable SCCmec type, which is consistent with past
studies that showed considerable variability in the SCCmec
cassette in S. epidermidis [31-33].

The most prevalent strains in our study were also more an-
tibiotic resistant than the other isolates. The VAD recipients in
our study all had a history of hospitalization and were exposed
to antibiotics (perioperatively, for VAD and other healthcare-
associated infections, and in some cases, for prophylaxis after
VAD implantation). It has been previously demonstrated
that perioperative antibiotics administered to cardiac surgery
patients is associated with increased resistance in colonizing
coagulase-negative staphylococci after surgery [34, 35]. There-
fore, antibiotic pressure may contribute to the emergence and
persistence of these antibiotic-resistant clonal types.

This study is limited because it is unknown how and when
these S. epidermidis clonal types have spread across the
United States. Our data are restricted to cardiac patients;
however, because of the location of the clinical sites (East
Coast, Midwest, and West Coast) and the fact that all of the
clonal types have been identified internationally, it seems to
be unlikely that the type or transfer of patients or clinical
personnel are entirely responsible for this observation.
Nevertheless, healthcare workers and the physical environ-
ment in the cardiac centers may harbor these strains and
have not been cultured. It would also be useful to know

whether these strains are present in other units in these
hospitals and whether a reservoir of these strains exists in the
community.

This study demonstrates that clones of S. epidermidis cause
infection and colonization both across the United States and
internationally. The most prevalent clones are highly anti-
biotic resistant and accounted for almost half of the isolates
obtained from 74 VAD recipients at 4 different cardiac
centers. They caused at least 3 of the 6 S. epidermidis VAD
infections. Antibiotic pressure may have helped select for
these strains. However, whether these strains were around
accidental pathogens [4] or have enhanced invasiveness,
compared with the less prevalent strains, is unknown. We
suggest that these strains have characteristics that better
enable them to spread, persist, and/or cause infection.
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