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A retrospective study was performed to identify methicillin-resistant Staphylococcus aureus (MRSA) isolates
obtained from patients enrolled in phase 3 clinical trials for tigecycline that were genotypically similar to
known community-associated MRSA (CA-MRSA) strains. The clinical trials were double-blind comparator
studies for complicated skin and skin structure infections or complicated intra-abdominal infections. We
obtained 85% of the MRSA isolates from patients with complicated skin and skin structure infections. Using
ribotyping, MRSA isolates were compared with well-characterized North American CA-MRSA strains and
negative-control hospital-associated (HA) MRSA strains by cluster analysis; 91 of the 173 isolates clustered
with two groups of known CA-MRSA strains, 60% of which shared an indistinguishable ribotype. These isolates were
subsequently tested for the presence of SCCmec type IV and the Panton-Valentine leukocidin (PVL)-encoding genes
as well as susceptibility to clindamycin, characteristics that are typically associated with CA-MRSA; 89 of the 91
isolates carried the type IV SCCmec element and 76 were also positive for the PVL-encoding genes; 73 of these
isolates were susceptible to clindamycin. A similar analysis performed on 26 nonclustering isolates identified only
four with these characteristics; 89 of the 91 clustering isolates were inhibited by tigecycline at MICs of =<(0.5 pg/ml.
On the basis of clustering information and preliminary genetic characterization, it appears that ribotyping is a
useful tool in identifying potential CA-MRSA isolates and 76 MRSA isolates from patients enrolled in the tigecycline

phase 3 trials have genetic markers typically associated with CA-MRSA.

Staphylococcus aureus is the causative agent for a wide vari-
ety of human diseases ranging from superficial skin infections
to life-threatening conditions such as pneumonia, sepsis, and
endocarditis (46). Infections caused by methicillin-resistant S.
aureus (MRSA) have traditionally been confined to the health-
care setting. Treatment options for MRSA are often limited
due to the resistance of this pathogen to multiple antibiotics,
including most B-lactam antibiotics (44). However, the preva-
lence of community-associated MRSA (CA-MRSA) infections
has increased in recent years and is a growing public health
concern (41). CA-MRSA infections are most commonly asso-
ciated with skin and soft tissue infections (12) and cases are
often reported among institutionalized populations and sports
participants (23, 38). Misdiagnosis of these infections can re-
sult in inappropriate therapy.

Clinically, CA-MRSA has been defined as an MRSA isolate
obtained within 48 h of hospitalization from a patient with no
known risk factors for MRSA infections (19, 33). Established
risk factors include previous hospitalization or contact with the
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healthcare setting, dialysis, presence of an indwelling catheter
or percutaneous device or previous isolation of MRSA (19,
33). Evidence from epidemiological and molecular typing stud-
ies suggests that CA-MRSA isolates are genetically distinct
from hospital-associated MRSA (HA-MRSA) isolates (5, 8,
36, 45).

A number of other features have been identified that distin-
guish CA-MRSA from HA-MRSA isolates. Unlike HA-
MRSA, CA-MRSA isolates are typically susceptible to most
non-B-lactam antibiotics. For example, clindamycin suscepti-
bility has been shown to correlate with CA-MRSA, whereas
nosocomial isolates are typically resistant (17). CA-MRSA iso-
lates carry the type IV staphylococcal chromosomal cassette
(SCC)mec element encoding B-lactam resistance (10). This
element differs from SCCmec types I to III that are commonly
associated with HA-MRSA in its smaller size and lack of non-
B-lactam resistance determinants (28).

The Panton-Valentine leukocidin (PVL)-encoding genes
lukF and [ukS are commonly found in CA-MRSA isolates and
this toxin is associated with skin infections and severe necro-
tizing pneumonia (27). Vandenesch and colleagues described
the PVL-encoding locus as a stable marker for CA-MRSA
(45). However, a recent study suggests that while the preva-
lence of PVL is significantly increased in CA-MRSA isolates,
its presence is not uniform (40). In addition to these genetic
differences, CA-MRSA isolates grow significantly faster than
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TABLE 1. Control strains used in this study

Position in Ribo Strain PFGE

SCCmec PVL

cluster” Group group name MLST® type® spa type” type locus Strain type® ence(s)
1 1 A4 BK11235 ST8 7, YHGCMBQBLO v No CA-MRSA 40
2 1 A4 BK10654 ST8 7, YHGCMBQBLO v No CA-MRSA 40
3 1 A4 BK2443 ST8 7, YHGCMBQBLO v Yes CA-MRSA 40
4 1 A4 BK11108 ST8 7, YHGCMBQBLO v No CA-MRSA 40
5 1 A4 COL ST250 1 No Archaic MRSA 20
6 1 A2 BK11490 ST8 1; YHGFMBQBLO v Yes CA-MRSA 40
7 1 A2 BK11472 ST8 7, YHGCMBQBLO v Yes CA-MRSA 40
8 1 A2 BK11358 ST8 1; YHGFMBQBLO v Yes CA-MRSA 40
9 1 A5 CDC 3 ST8 USA300 v Yes CA-MRSA 13, 30
10 1 A5 CDC 4 ST8 USA300 v Yes CA-MRSA 13, 30
11 1 A5 CDC 1 ST8 USA300 v Yes CA-MRSA 13, 30
12 1 A5 CDC 6 ST8 USA300 v Yes CA-MRSA 13, 30
13 2 HS5 CDC 13 ST1 USA400 v No CA-MRSA 13, 30
14 2 H5 MSSA-476  ST1 MSSA No CA-MSSA 22
15 2 HS5 CDC 9 ST1 USA400 v Yes CA-MRSA 13, 30
16 2 H5 CDC 10 ST1 USA400 v No CA-MRSA 13, 30
17 2 HS5 CDC 12 ST1 USA400 v Yes CA-MRSA 13, 30
18 2 H5 MW2 ST1 v Yes CA-MRSA 2,22
19 2 G7 BK10370 ST1 131; UJJFKBPE v Yes CA-MRSA 40
20 2 G7 BK11514 ST1 131; UJJFKBPE v Yes CA-MRSA 40
21 2 G7 BK11632 ST1 131; UJJFKBPE v Yes CA-MRSA 40
22 2 G2 BK11580 ST1 131; UJJFKBPE v Yes CA-MRSA 40
23 2 G2 BK11118 ST1 131; UJJFKBPE v Yes CA-MRSA 40
24 nc J10 BK2370 ST8 7, YHGCMBQBLO v No CA-MRSA 40
25 nc M13 BK9362 ST8 7, YHGCMBQBLO 11 No HA-MRSA 40
26 nc A9 BK10484 ST8 1; YHGFMBQBLO v No CA-MRSA 40
27 nc Al5 BK10474 ST8 1; YHGFMBQBLO v Yes CA-MRSA 40
28 nc o7 BK2620 35; UJFKBPE 11 No HA-MRSA 40
29 nc K16 BK10398 ST1 131; UJJFKBPE v Yes CA-MRSA 40
30 nc K11 BK9360 ST8 1; YHGFMBQBLO 11 No HA-MRSA 40
31 nc P18 CDC 16 STS USAS800 v No HA-MRSA 13, 30
32 nc 112 BK6909 17, ZDMDMNKB v No CA-MRSA 40
33 nc Q19 CDC 17 STS USA100 11 No HA-MRSA 13, 30
34 nc Q19 Mu50 1T No HA-MRSA 22,24
35 nc Q22 N315 11 No HA-MRSA 22,24
36 nc R20 CDC 18 ST36 USA200 1T No HA-MRSA 13, 30
37 nc S21 MRSA-252 ST36 USA200 11 No HA-MRSA 22
38 nc N14 BK10488 267, TAAMBMDMGMK IV No CA-MRSA 40

¢ Strains belong to group 1 or group 2 or were nonclustering (nc) strains as illustrated in Fig. 1.
® Information regarding pulsed-field type (U.S. designations) or spa type is provided where available.
¢ CA-MSSA, community-associated methicillin-susceptible S. aureus. These designations were made according to criteria outlined in the relevant references.

HA-MRSA isolates (36). The presence of the PVL-encoding
locus and SCCmec type IV and the higher growth rate of
CA-MRSA isolates may confer a selective advantage for com-
munity-based MRSA pathogens.

In the current study, potential CA-MRSA were retrospec-
tively identified among isolates obtained from patients en-
rolled in the phase 3 trials of tigecycline, a new broad-spectrum
glycyleycline antibiotic recently approved for complicated skin
and skin structure infections and complicated intra-abdominal
infections (3, 14). The utility of ribotyping was evaluated as a
screening tool to identify MRSA isolates that had similar ge-
notypes to previously characterized CA-MRSA and to further
characterize these isolates by testing for genetic markers that
are commonly associated with CA-MRSA.

MATERIALS AND METHODS

Bacterial strains. 173 MRSA isolates were collected from 171 patients suffer-
ing from complicated skin and skin structure infections or complicated intra-
abdominal infections enrolled in phase 3 double blind comparator trials for
tigecycline (only one representative isolate for each ribotype was included for
patients with multiple isolates). The control strains described in Table 1 were

previously defined as CA-MRSA on the basis of clinical definitions or genetic
characterization. Positive control strains included MW2 (2) (the prototype CA-
MRSA strain) and its methicillin susceptible progenitor, MSSA-476 (22). The
CA-MRSA control strains carry SCCmec type IV and have genetic backgrounds
characterized by multilocus sequence typing (MLST), spa type, or pulsed-field
gel electrophoresis (PFGE).

The BK positive-control strains belong to a collection of 121 geographically
diverse North American isolates, representatives of which were described pre-
viously (40). The Centers for Disease Control and Prevention positive control
strains are community onset isolates belonging to PFGE types USA300 and
USA400 (30). Negative control HA-MRSA strains used in this study included 3
isolates from the Centers for Disease Control and Prevention (CDC) with
pulsed-field types USA100, 200, and 800, which are predominantly associated
with the US healthcare setting and HA-MRSA strains with SCCmec type 11,
including the sequenced strains N315 (24), Mu50 (24), and MRSA-252 (22). The
archaic MRSA strain COL (20) with ST250 was also included.

Ribotyping. MRSA isolates were ribotyped using the RiboPrinter microbial
characterization system (Qualicon, Wilmington, DE) according to the manufac-
turer’s instructions. Each isolate was analyzed with two restriction enzymes,
EcoRI and Pvull and ribotypes were assigned using a letter for unique EcoRI
patterns and a number for unique Pvull patterns. Clustering analysis was per-
formed using Bionumerics software (Applied Maths, Austin, TX).

Susceptibility testing. Tigecycline MICs were determined using the broth
microdilution method with fresh (<12 h old) Mueller Hinton II broth using
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methods outlined by the Clinical Laboratory Standards Institute (formerly the
National Committee for Clinical Laboratory Standards) (9, 34). Susceptibility to
tigecycline was defined using the Food and Drug Administration-approved
breakpoint for S. aureus (47) of =0.5 pg/ml. Methicillin-resistance was defined as
an oxacillin MIC of =4 pg/ml. The susceptibility of isolates to clindamycin and
erythromycin was determined by the disk diffusion method (35). An inducible
clindamycin resistant phenotype was detected by placing erythromycin and clin-
damycin disks 15 to 26 mm apart on Mueller-Hinton Agar plates as detailed by
the CLSI (35). A flattened (D-shaped) zone of inhibition around the clindamycin
disk on the side facing the erythromycin disk was indicative of an inducible
clindamycin resistant phenotype (25).

PCR analysis. All PCR amplifications were carried out using the FailSafe
system (Epicenter, Madison, WI) with buffer C. The SCCmec type was deter-
mined by the method of Oliveira and de Lencastre (37) using a 59°C annealing
temperature with a 30-s extension time. Further confirmation of SCCmec type IV
was achieved by testing for the presence of ccr4 type 2 using the method
described by Okuma et al. (36). The PVL-encoding genes were detected using
the primers and conditions described by Lina et al. (27). The following S. aureus
strains were used as controls: COL (SCCmec type I, PVL negative), N315
(SCCmec type 11, PVL negative), ATCC BAA-39 (SCCmec type III, PVL neg-
ative) (11), and MW2 (SCCmec type IV, PVL positive).

RESULTS

Comparison of test MRSA isolates with control CA-MRSA
strains by cluster analysis. A series of positive-control CA-
MRSA strains and negative-control HA-MRSA strains were
analyzed by clustering on the basis of their EcoRI and Pvull
riboprint patterns (Fig. 1). The majority of positive control
strains fell into two tightly clustered groups with >90% simi-
larity. The strains in group 1 were characterized by the STS8
genotype, all carried SCCmec type IV and 8/12 strains (67%) in
this group carried the PVL-encoding genes (Table 1). ST in-
formation for the BK strains of spa type 1, 7 or 131 was derived
from McDougal et al. (30). The archaic MRSA strain COL
with ST250 also clustered with this group. The strains in group
2 had ST1 genotypes, carried SCCmec type IV and 8/10 (80%)
of the MRSA strains were positive for the PVL genes. The
prototype CA-MRSA strain, MW2, and its methicillin-suscep-
tible parent strain, MSSA-476, belonged to this group. The
remaining strains, including the negative control hospital as-
sociated strains had <70% similarity to these two groups (Fig.
1); 7/15 (47%) of the nonclustering strains carried SCCmec
type IV but only 2/15 (13%) were positive for the PVL-encod-
ing genes (Table 1).

We subsequently compared 173 MRSA isolates collected
during the phase 3 clinical trials for tigecycline to this group of
control strains by cluster analysis using ribotyping data for
these isolates; 63% (106/173) of these MRSA isolates were
obtained from patients in North America and the remainder
came from Europe, South Africa, Australia, India or Latin
America; 85% of MRSA isolates were associated with compli-
cated skin and skin structure infections; 85 isolates clustered
with the group 1 control strains and six isolates were found to
cluster with group 2 (data not shown). These 91 isolates were
characterized by 14 unique riboprint patterns (Fig. 2). One
particular ribotype, A2, was common to 65% of the isolates
within group 1. All six MRSA isolates that clustered with the
group 2 positive control strains had ribotype G2. A further 12
isolates were found to cluster with one of the CA-MRSA
control strains (BK10474, BK10398 or BK2370) that did not
cluster with either group 1 or group 2 (data not shown).

Determination of SCCmec type and distribution of the PVL-
encoding locus among MRSA isolates that clustered with pos-

RIBOTYPING IDENTIFIES POTENTIAL CA-MRSA 4523

itive control CA-MRSA strains. The 91 MRSA isolates that
clustered with positive-control CA-MRSA strains in groups 1
and 2 (Fig. 1) were analyzed further to determine SCCrmec
type; 98% (89/91) were found to carry SCCmec type 1V and
84% (76/91) were positive for the genes encoding PVL (Table
2). All PVL positive isolates were also SCCrmec type IV. Of the
12 isolates that clustered with the positive control strains in the
nonclustering group, only one carried SCCmec type IV and
none were positive for the PVL-encoding genes; 26 MRSA
isolates from the tigecycline studies that did not cluster with
any of the CA-MRSA positive control strains were used as
negative controls for this sample set and were tested for the
presence of the PVL-encoding locus and SCCmec type IV;
31% (8/26) carried the SCCmec type IV element and only 15%
(4/26) were positive for the genes encoding PVL (data not
shown).

On the basis of genotype as determined by ribotyping, and
the presence of both the PVL-encoding locus and SCCmec
type 1V, it appears that 76 MRSA isolates identified in this
study had characteristics consistent with known CA-MRSA
strains (Table 2). The degree of similarity to known CA-
MRSA strains on the basis of the criteria described above is
indicated. Isolates fulfilling all three criteria are subsequently
referred to as putative CA-MRSA. However, it is possible that
isolates fulfilling only two of these criteria could still be con-
sidered CA-MRSA if more detailed clinical information were
available; 95% (72/76) of the putative CA-MRSA isolates de-
tected in this study were North American in origin. Two of
these isolates (1334 and 7130) were unique isolates from the
same patient and the remainder represented unique isolates
from different patients; 74 of the 75 patients infected with
putative CA-MRSA isolates were diagnosed with complicated
skin and skin structure infections (data not shown).

Antimicrobial susceptibility of putative CA-MRSA isolates.
The 91 isolates that clustered with the positive control CA-
MRSA strains in groups 1 or 2 and the 26 nonclustering iso-
lates were tested for susceptibility to clindamycin and erythro-
mycin as well as inducible clindamycin resistance in the
presence of erythromycin (Table 2 and data not shown); 12%
(9/76) of the putative CA-MRSA isolates (PVL", SCCmec
type IV") and 27% (7/26) of the nonclustering isolates were
susceptible to erythromycin; 96% (73/76) of putative CA-
MRSA isolates were susceptible to clindamycin compared to
50% (13/26) of nonclustering isolates; 8% (6/73) of the puta-
tive CA-MRSA isolates that were clindamycin susceptible and
46% (6/13) of the clindamycin-susceptible nonclustering iso-
lates demonstrated inducible clindamycin resistance. Five of
the six MRSA isolates that clustered with the group 2 positive-
control strains exhibited an inducible clindamycin resistance
phenotype; the sixth was susceptible to erythromycin and clin-
damycin.

CA-MRSA isolates exhibit less antibiotic resistance com-
pared to HA-MRSA isolates. Historical MIC data for the 76
putative CA-MRSA isolates carrying the PVL-encoding genes
and SCCmec type IV and the 26 nonclustering isolates was
examined (data not shown). No intermediate or high-level
vancomycin resistant isolates were detected in either group;
100% of putative CA-MRSA isolates were susceptible to mi-
nocycline and imipenem compared to 88% and 69%, respec-
tively, for the nonclustering group. Furthermore, whereas 95%
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FIG. 1. Clustering of control CA-MRSA and HA-MRSA strains on the basis of ribotype. A series of positive-control CA-MRSA strains and
negative-control HA-MRSA strains were compared by cluster analysis on the basis of riboprint patterns generated by digestion with EcoRI and
Pvull. Groups 1 and 2 represent clusters of positive control strains with 90% or greater similarity.

and 66% of putative CA-MRSA isolates were susceptible to
tobramycin and levofloxacin, respectively, only 35% and 19%
of the nonclustering isolates were susceptible to the same an-
tibiotics (data not shown); 89/91 MRSA isolates that clustered
with the positive-control CA-MRSA strains were found to be
susceptible to tigecycline (MICs =<0.5 pg/ml) (Table 2). The
two nonsusceptible isolates had tigecycline MICs of 1.0 pwg/ml.
All of the nonclustering MRSA isolates were also susceptible
to tigecycline (data not shown).

DISCUSSION

Tigecycline, a novel broad-spectrum glycylcycline antibiotic,
has activity against multidrug-resistant S. aureus isolates (4,
39); 171 patients enrolled in the recently completed phase 3
clinical trials for tigecycline had infections caused by MRSA.
85% of these patients were diagnosed with complicated skin
and skin structure infections. MRSA is most commonly asso-
ciated with the hospital environment but recently MRSA out-
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FIG. 2. Riboprint patterns for MRSA isolates that cluster with positive-control CA-MRSA strains in groups 1 or 2. Fourteen representative
EcoRI and Pvull riboprint patterns for the 91 MRSA isolates that cluster with positive-control CA-MRSA strains are displayed. The assigned
ribotype and the number of isolates defined by this ribotype are indicated.

breaks have been described in the community (CA-MRSA)
and have caused serious, sometimes fatal, infections that in-
clude necrotizing fasciitis (6, 31). The tigecycline trials were
not designed to capture clinical information that could be used
to identify potential CA-MRSA isolates. Furthermore, only
limited information regarding health care-related risks for
MRSA infection was available. In the absence of adequate
clinical information, this study assessed the utility of ribotyping
to retrospectively identify MRSA isolates collected during the
tigecycline trials that were genotypically related to known CA-
MRSA strains. Subsequently, these isolates were tested for
genetic markers and antimicrobial susceptibility phenotypes
that are commonly associated with CA-MRSA.

It has been shown using MLST or PFGE that CA-MRSA
isolates are genotypically distinct from the MRSA isolates
commonly found in health care institutions (33, 45). Okuma et
al. found that a set of CA-MRSA isolates studied belonged to
five clonal complexes (36). Said-Salim et al. also describe five
distinct CA-MRSA groups based upon spa typing (40). There-
fore, CA-MRSA isolates appear to be derived from a number
of genetic backgrounds rather than the worldwide dissemina-
tion of a single clone. A number of studies have reported
CA-MRSA isolates with ST1 (36, 45), STS8 (7, 12, 18, 21, 23, 32,
41), or ST30 (12, 36) genetic backgrounds.

The CA-MRSA strains used as positive controls in this study
were analyzed by ribotyping and most fell into two groups on
the basis of cluster analysis. These groups had ST8 or ST1. The
archaic MRSA strain COL (ST250) clustered with the ST8
CA-MRSA controls. This strain was shown to have evolved
from an MSSA strain of ST8 (15); 91 of the 173 MRSA isolates
examined in this study clustered with the two groups of positive
control strains, 85 with group 1 (ST8) and 6 with group 2
(ST1); 14 distinct ribotypes were associated with these 91 iso-

lates. Interestingly, 55/85 (65%) of group 1 isolates shared a
common ribotype (A2, Fig. 2) and all group 2 (6/6) isolates
were characterized by the G2 ribotype. Recent reports have
suggested that the group 1 CA-MRSA clone designated
USA300 by the CDC (30) has become the predominant CA-
MRSA clone in certain parts of the United States (7). This may
explain why the majority of isolates examined here clustered
with this group.

The presence of the PVL-encoding genes and SCCmec type
IV are considered genetic markers for CA-MRSA (45) but a
recent study suggests that while the PVL-encoding locus is
more prevalent in CA-MRSA isolates this is not uniform (40)
In this study however, we included the PVL-encoding locus as
one of the genetic markers used to characterize putative CA-
MRSA isolates; 76 of the 91 MRSA isolates that clustered with
the positive control strains in this study carried the PVL locus
and SCCmec type IV and were considered to be putative CA-
MRSA isolates. An additional 12 MRSA isolates clustered
with three positive control strains that did not cluster in either
group 1 or 2. However, only one of these isolates carried
SCCmec type IV and none were positive for the PVL-encoding
genes. Furthermore, the prevalence of these genetic markers
among isolates that did not cluster with any of the positive
control strains was much lower than in the clustering group
which suggests that ribotyping is a reasonable predictor for
genotypes that carry the CA-MRSA-associated markers PVL
and SCCmec type IV. Surprisingly, the HA-MRSA strain
BK9360 (ST8, SCCmec type II) and the CA-MRSA strain
BK10398 (ST1, SCCmec type IV) were found to cluster to-
gether on the basis of ribotype (Fig. 1). Both share an indis-
tinguishable EcoRI riboprint pattern (as indicated by the letter
K, Table 1).

Susceptibility to clindamycin has also been associated with
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TABLE 2. Molecular, susceptibility, and patient information for 91 MRSA isolates that cluster with positive-control CA-MRSA strains

Susceptibility” Inducible

. “ . . TGC MIC® CA-MRSA
Strain no. Region Country/state Ribotype ool ERY resg;ln w PVL locus SCCmec type (ng/ml) characteristics’

1075 Europe Lithuania Al S S No No v 0.12 ++
1448 USA Ohio Al S R No Yes v 0.25 +++
3110 Europe Lithuania Al S S No No Unclear 0.06 +
3976 Europe France Al S S No No v 0.25 ++
4911 USA California Al S R No Yes v 0.12 +4++
5278 Europe Russia Al R R No No v 0.12 +++
5385 Europe Russia Al R R No Yes v 0.12 +4++
8104 Europe Bulgaria Al R R No No 111 0.5 +
9375 Europe Lithuania Al S S No No v 0.25 ++
1180 USA Louisiana A2 S R No Yes v 0.25 +++
1689 USA Louisiana A2 S R No Yes v 0.12 +++
1854 USA Louisiana A2 S R No Yes v 0.25 +4++
1977 USA New Jersey A2 S R No Yes v 0.12 +++
2102 USA California A2 S R No Yes v 0.25 +++
2227 USA California A2 R R No Yes v 0.12 +++
2230 USA California A2 S R No Yes v 0.12 +++
2245 USA California A2 S R No Yes v 0.12 +4++
2248 USA California A2 S R No Yes v 0.12 +++
2275 USA California A2 S R No Yes v 0.12 +++
2276 USA California A2 S R No Yes v 0.25 +++
2637 USA Hawaii A2 S R No Yes v 0.12 +++
2644 USA Hawaii A2 S S No Yes v 0.12 +++
2648 USA Hawaii A2 S S No Yes v 0.12 +++
2654 USA Hawaii A2 S R No Yes v 0.12 +4++
2668 USA California A2 S R No Yes v 0.12 +++
2670 USA California A2 S R No Yes v 0.25 +++
2672 USA California A2 S R No Yes v 0.12 +++
2968 USA Florida A2 S R No Yes v 0.12 +++
2970 USA Florida A2 R R No Yes v 0.12 +4++
2974 USA Oklahoma A2 S S No Yes v 0.12 +++
2986 USA California A2 S R No Yes v 0.12 +4++
2993 USA Louisiana A2 S R No Yes v 1 +++
3024 USA New Jersey A2 S R No Yes v 0.12 +++
3044 USA Hawaii A2 S S No Yes v 0.12 +++
3161 USA Florida A2 S R No Yes v 0.12 +++
3166 USA Florida A2 S R No Yes v 0.12 +4++
3167 USA Florida A2 S R Yes Yes v 0.25 +++
3221 USA California A2 S R No Yes v 0.25 +++
3320 USA Hawaii A2 S R No Yes v 0.12 +++
3346 USA Ohio A2 S R No Yes v 0.25 +++
3412 USA Florida A2 S R No Yes v 0.12 +4++
3462 USA California A2 S R No Yes v 0.12 +++
3490 USA Indiana A2 S R No Yes v 0.12 +4++
3497 USA Florida A2 S S No Yes v 0.12 +++
3523 USA New Jersey A2 S R No Yes v 0.12 +++
3527 USA New Jersey A2 S R No Yes v 0.12 +++
3764 Europe Poland A2 S R No Yes v 0.12 +++
3877 USA Florida A2 S S No Yes v 0.12 +4++
3891 USA Florida A2 S R No Yes v 0.25 +++
3912 USA California A2 S R No Yes v 0.12 +++
3984 USA Louisiana A2 S R No Yes v 0.12 +++
4190 USA Louisiana A2 S R No Yes v 0.12 +++
4666 USA Texas A2 S R No Yes v 0.12 +4++
4667 USA Texas A2 S R No Yes v 0.12 +++
4912 USA California A2 S R No Yes v 0.12 +4++
4914 USA California A2 S R No Yes v 0.25 +++
5156 USA Washington A2 S R No Yes v 0.12 +++
5416 USA Ohio A2 S R No Yes v 0.12 +++
5455 USA Washington A2 S R No Yes v 0.25 +++
5732 USA Illinois A2 S R No Yes v 0.25 +4++
5857 USA Texas A2 S R No Yes v 0.25 +++
7130 USA Louisiana A2 S R No Yes v 1 +++
7448 USA California A2 S R No Yes v 0.12 +++
9271 USA Florida A2 S R No Yes v 0.25 +++
7947 USA Florida A3 S R No Yes v 0.25 +4++
1303 USA Louisiana A4 S R No Yes v 0.25 +++
1720 Europe Ukraine A4 S S No No v 0.12 ++
1874 Europe Lithuania A4 S S No No v 0.25 ++
3252 Europe Russia A4 R R No No v 0.12 ++
4372 Europe Belgium A4 R R No No v 0.12 ++

Continued on facing page
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TABLE 2—Continued

Susceptibility”

Inducible

. “ . . TGC MIC CA-MRSA
Strain no. Region Country/state Ribotype m resggln w PVL locus SCCrmec type (ng/ml) characteristics?

4742 Europe Ukraine A4 S S No No v 0.12 ++

2237 USA Louisiana AS S R No Yes v 0.12 +4++
9336 USA Illinois A6 S R No Yes v 0.12 +++
2243 USA California B2 S R No Yes v 0.25 +4++
2249 USA California B2 S S No Yes v 0.25 +++
1497 Europe Lithuania B4 S S No No v 0.12 ++

2233 USA California B4 S S No Yes v 0.25 +++
1334 USA Louisiana BS S R No Yes v 0.25 +4++
1568 USA Louisiana B5 S R No Yes v 0.12 +++
2207 USA California BS S R No Yes v 0.12 +4++
2269 USA Ohio B5 S R No Yes v 0.12 +++
5913 USA Louisiana Cc7 S R No Yes v 0.12 +4++
4269 USA California D2 S R Yes Yes v 0.12 +++
7051 Africa South Africa ES8 S R Yes Yes v 0.12 +4++
3547 Europe Russia F4 R R No No v 0.12 ++

3267 USA Washington G2 S R Yes Yes v 0.25 +4++
4946 USA Washington G2 S R Yes Yes v 0.06 +++
5806 Europe Romania G2 S S No Yes v 0.12 +++
6031 Europe Romania G2 S R Yes No v 0.12 ++

6072 USA Louisiana G2 S R Yes Yes v 0.25 +4++
9167 Europe Romania G2 S R Yes No v 0.12 ++

¢ Strain numbers in bold cluster with the group 2 positive-control CA-MRSA strains (see Fig. 1). Strain numbers 1334 and 7130 were isolated from the same patient.
® Clindamycin (CLI) and erythromycin (ERY) susceptibility and inducible clindamycin resistance were tested using the disk diffusion method. R, resistant; S,

susceptible.

¢ Tigecycline (TGC) MICs were determined using the broth microdilution method.
4 EBach + indicates that this isolate has one of the following markers that are typically associated with CA-MRSA; +, genotypically similar to CA-MRSA; ++,

PVL-encoding genes; +++, SCCmec type IV.

CA-MRSA (16, 17) but this trait is not sufficiently specific to
use as a marker for CA-MRSA (43). Clindamycin is an attrac-
tive treatment option for CA-MRSA infections in the outpa-
tient setting but the possibility of inducible clindamycin resis-
tance is a concern where the erythromycin resistance
determinants encoded by the erm genes are present (26, 29,
42); 96% of the putative CA-MRSA isolates (PVL, SCCmec
type IV) were susceptible to clindamycin compared to only
50% of the nonclustering isolates. Inducible clindamycin resis-
tance was more common in the negative control group (46% of
susceptible isolates demonstrated inducible clindamycin resis-
tance in the presence of erythromycin) compared to 8% of the
putative CA-MRSA group. Unlike HA-MRSA isolates, CA-
MRSA isolates are generally not multidrug resistant and in-
creased susceptibility to non-B-lactam antibiotics, other than
clindamycin, is typical (1, 33). The 76 putative CA-MRSA
isolates identified during this study exhibited increased suscep-
tibility to imipenem, minocycline, tobramycin and levofloxacin
compared to the negative control group.

Tigecycline was active against all but two of the MRSA
isolates examined in this study with MICs of =0.5 pg/ml. Tige-
cycline has demonstrated clinical efficacy against MRSA (in-
cluding the putative CA-MRSA isolates described here) in
complicated skin and skin structure infections (14). Despite
the fact that 76 MRSA isolates were identified that were ge-
notypically similar to CA-MRSA and positive for PVL and
SCCmec type IV, a number of the patients infected with these
isolates were exposed to previous antibiotic therapy or had
underlying conditions such as intravenous drug abuse, diabe-
tes, dermatitis, or human immunodeficiency virus infection,
which are considered risk factors for MRSA infection (5, 19).

This study is limited by the fact that all of the positive control
CA-MRSA strains were North American in origin thus leading
to a geographical bias in the identification of putative CA-
MRSA isolates based on genotypic comparison with this con-
trol group. Vandenesch and colleagues demonstrated that the
genetic background of CA-MRSA isolates varies depending on
geographic origin (45). The phase 3 clinical trials for tigecy-
cline involved enrollment of patients at multiple sites world-
wide. However, 63% of MRSA isolates were obtained from
patients in North America. Of the 91 MRSA isolates that
clustered with the positive control strains, only 19 were isolated
from sources outside of the USA (18 from Europe and 1 from
South Africa) and only 4 of the 76 putative CA-MRSA isolates
(PVL", SCCmec TV"') were not from the United States in
origin. Further putative CA-MRSA isolates may have been
identified if positive control CA-MRSA strains representative
of geographically diverse locations had been included.

In the absence of adequate clinical information to identify
CA-MRSA isolates, a genotyping approach based upon ri-
botyping information was used to identify MRSA isolates that
clustered with previously characterized CA-MRSA strains and
subsequently these isolates were tested for genetic markers
that are typically associated with CA-MRSA. It was shown that
two ribotypes in particular, A2 and G2, were strongly associ-
ated with the ST8 and ST1 genetic background, respectively, to
which most of the positive-control CA-MRSA strains be-
longed. Ribotyping may represent a useful predictive tool to
identify genotypes that are commonly associated with CA-
MRSA. Tigecycline exhibited good activity against the majority
of putative CA-MRSA isolates identified in this study and may
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represent a therapeutic option for patients hospitalized as a
result of CA-MRSA infections.
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