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Multiple methicillin-resistant Staphylococcus aureus (MRSA) clones carrying type IV staphylococcal cassette
chromosome mec were identified in the community-acquired MRSA strains of both the United States and
Australia. They multiplied much faster than health-care-associated MRSA and were resistant to fewer non-
beta-lactam antibiotics. They seem to have been derived from more diverse S. aureus populations than

health-care-associated MRSA strains.

Methicillin-resistant Staphylococcus aureus (MRSA), be-
sides having established itself as a major hospital pathogen, is
now beginning to prevail in the wider community as well (1,
3-5). However, we do not know if the subgroup of MRSA
designated community-acquired MRSA (C-MRSA) share a
common origin of derivation with the other subgroup of
MRSA in hospitals, namely the health-care-associated
MRSA (H-MRSA). The majority of H-MRSA strains carry
one of the three types of staphylococcal cassette chromo-
some mec (SCCmec) as the methicillin resistance determi-
nant on their chromosomes (19, 22). However, members of
our group have recently identified a novel SCCmec, desig-
nated type IV, in the C-MRSA strains isolated at a Chicago
children’s hospital (23). This raised a possibility that C-
MRSA might have an origin of derivation distinct from that
of H-MRSA, and type-IV SCCmec could be its unique genetic
marker (14). To further test this view, we now analyzed 23
well-characterized C-MRSA strains (2-4, 24-26, 28) whose
sources of isolation were not associated with risk factors for
H-MRSA infection (e.g., recent hospitalization, recent sur-
gery, residence in a long-term care facility, drug use, etc.) (7,
11) and 12 Australian MRSA strains designated non-multire-
sistant oxacillin-resistant S. aureus (NORSA) (9) and com-
pared them with the representative H-MRSA strains.
NORSA strains, though frequently isolated in hospitals, are
considered to be the descendants of C-MRSA strains in
Australia (10).

Table 1 shows that the majority of C-MRSA strains were
susceptible to most of the non-beta-lactam antibiotics, as
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NORSA strains are by definition (9). Although the non-multi-
resistant nature of C-MRSA has been well recognized as a
characteristic of C-MRSA (16), this was not without exception:
strain 01083 was resistant to four non-beta-lactam antibiotics
(Table 1). This indicates that though it is a rare occurrence,
C-MRSA strains may also acquire resistance to non-beta-
lactam antibiotics, presumably through exposure to the antibi-
otics.

Table 1 also shows that C-MRSA/NORSA strains had rela-
tively lower levels of oxacillin and imipenem resistance than
H-MRSA strains (with the exceptions of N315 and 85/2082)
(20). This indicated that they had the heterogeneous methicil-
lin resistance phenotype, which was confirmed by population
analysis (Fig. 1). MW2, a representative C-MRSA strain (2),
possessed typical heterogeneous subpopulations of resistant
cells, whereas the “truly” (i.e., mecA-negative) methicillin-sus-
ceptible strain 476, the putative progenitor strain of MW2
(see below), did not have the resistant subpopulations. Mu3,
a typical H-MRSA strain, on the other hand, had a distinct
pattern of resistance called homogeneous methicillin resis-
tance. This implied that unlike H-MRSA strains, C-MRSA
strains were not selected out by the exposure to these potent
beta-lactam antibiotics used in the hospital, testifying fur-
ther to their predominant propagation occurring in the com-
munity.

C-MRSA/NORSA strains grew significantly faster than
H-MRSA strains: the mean doubling times (8) of the former
group of strains were 28.79 = 7.09 and 28.24 * 2.48 min,
respectively, whereas that for the latter was 38.81 = 7.01
min (see Table 1). The difference was statistically significant
(P value of <0.0001 by ¢ test). This high growth rate may be
a prerequisite in the absence of antibiotics for C-MRSA to
achieve successful colonization of humans by outcompeting the
numerous bacterial species in the environment.
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FIG. 1. C-MRSA strain shows heterogeneous phenotypic expres-
sion of methicillin resistance. Analysis of resistant subpopulations
of the C-MRSA strain MW2, the related MSSA strain 476, and
strain Mu3, with heterogeneous resistance to vancomycin, was per-
formed with oxacillin (A), ceftriaxone (B), and imipenem (C) as de-
scribed previously (13). Ceftriaxone was the antibiotic used in vain to
treat the patient infected with MW2 (3). MW2 is an American Mid-
west MRSA strain representing the major C-MRSA (see the text).
Strain 476 is an MSSA strain sharing its MLST allotype with MW?2 (see
Table 1). Mu3 is a representative H-MRSA strain with heterogeneous
resistance to vancomycin (13). It is noted that MW2 contains subpopu-
lations resistant to each of the three beta-lactam antibiotics.

The MRSA genotype is the sum of the SCCmec type and
the type of its recipient chromosome (12). First, by using
multiple locus sequence typing (MLST), we identified the
chromosome genotype of the test strains. Enright et al.
reported that 356 of 359 MRSA strains from 20 countries
were classified into only five clonal complexes (CCs), CCS,
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CC8, CC22, CC30, and CC45, with the rest, three strains,
possessing sequence types (STs) of rare occurrence (6). All
the 11 H-MRSA strains used in this study were reasonably
classified into three of these five CCs (Table 1). However, 35
C-MRSA/NORSA strains possessed 10 different STs that
constituted one singleton (ST75) and seven CCs that, surpris-
ingly, included all five H-MRSA CCs described above (Table
1).

Among the seven C-MRSA CCs, especially notable was
CC1, which contained the internationally dominant C-MRSA
strains; eight U.S. strains represented by MW2 and six Austra-
lian strains belonged to this clonal complex. Remarkably, no
H-MRSA strains belonged to this complex (6). Curiously, a
highly virulent methicillin-susceptible S. aureus (MSSA) strain,
476, whose whole genome sequence has been determined, be-
longs to this complex (http://www.mlst.net/new/index.htm).
MSSA 476 and two NORSA strains belonging to CC1 even
shared an identical pulsed-field gel electrophoresis (PFGE)
pattern (Table 1). Detailed comparison revealed that the
only significant difference between the two chromosomes
was the presence of type IV SCCmec in MW2, which in-
dicated that strain 476 represented the progenitor MSSA
strain from which MW2 was generated by acquiring type IV
SCCmec.

The pattern of clonal distribution of the 35 C-MRSA/
NORSA strains was statistically distinct from that of 359
MRSA strains analyzed in a previous study plus 11 H-MRSA
strains used in this study (P value of <0.000001 by Fisher’s
exact test). This clearly indicated that distinct clonal popula-
tions were successfully propagated as C-MRSA/NORSA and
H-MRSA, presumably through different selective pressures ex-
erted on them, e.g., fast-growing S. aureus or S. epidermidis
strains for the former and exposure to multiple antibiotics for
the latter.

The MLST data, despite the small number of tested
strains, indicated that C-MRSA/NORSA strains were gen-
erated from S. aureus clones of much more diverse genetic
backgrounds than expected. This was also supported by
PFGE analysis (Table 1), which showed that the C-MRSA/
NORSA strains were classified into nine unrelated groups
according to the criteria described by Tenover et al. (27).
Moreover, these strains consisted of producers of as many as
seven coagulase isotypes (Table 1). Since only eight coagu-
lase isotypes are known among S. aureus strains isolated
from various sources (18), this also supported the view that
C-MRSA/NORSA represents diverse S. aureus genomes as
the origin of derivation.

Next, we determined SCCmec types by PCR typing of the
mec gene complex and ccr gene complex as described previ-
ously (19, 21). Table 2 and Fig. 2 show the nucleotide se-
quences and locations of the primers used (15, 19, 21). In
contrast to the heterogeneity of C-MRSA/NORSA chromo-
somes demonstrated above, all except for three strains har-
bored type IV SCCmec, and the remaining three harbored a
novel SCCmec carrying the class C2 mec gene complex (21)
(Fig. 2). None of the C-MRSA/NORSA strains possessed any
of the three types of SCCmec which the majority of epidemic
H-MRSA strains possess (19).

It is not clear at this moment why type IV SCCmec is prev-
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TABLE 2. Primer sets used for identifying SCCmec

J. CLIN. MICROBIOL.

Primer (previous name)

Expected size of product

for detection of: Nucleotide sequence (gene[s] reactive to the primer) Reference
ccr gene complex’
Bec (B2) 5'-ATTGCCTTGATAATAGCCITCT-3' (all types of ccrB) 19
ac 5'-ATCTATTTCAAAAATGAACCA-3' 560 bp, Be (all types of ccrd) This study
al (a2) 5'-AACCTATATCATCAATCAGTACGT-3’ 700 bp, Bc (type 1 ccrA) 19
a2 (a3) 5'-TAAAGGCATCAATGCACAAACACT-3’ 1 kbp, Bc (type 2 ccrA) 19
a3 (ad) 5'-AGCTCAAAAGCAAGCAATAGAAT-3’ 1.6 kbp, Bc (type 3 ccrd) 19
mec gene complex (all types)
mecRI (MS domain)
mcR4 5'-GTCGTTCATTAAGATATGACG-3' (mecRI—MS domain) This study
mcR3 5'-GTCTCCACGTTAATTCCATT-3’ 310 bp, mcR4 (mecRI—MS domain) 21
mecA
mAl 5'-TGCTATCCACCCTCAAACAGG-3’ (mecA) 15
mA2 5'-AACGTTGTAACCACCCCAAGA-3’ 200 bp, mA1 (mecA) 15
mecA -1S431mec
IS2 (iS-2) 5'-TGAGGTTATTCAGATATTTCGATGT-3' 4 kbp, mA1l (IS431mec) 21
Class C mec gene complex
mA2 5'-AACGTTGTAACCACCCCAAGA-3’ <3 kbp, IS2 (mecA) 21
Class B mec gene complex
IS5 5'-AACGCCACTCATAACATATGGAA-3' (I81272) This study
mA6 5'-TATACCAAACCCGACAAC-3' 2 kbp, IS5 (mecA) 21
Class A mec gene complex
mecl
ml4 5'-CAAGTGAATTGAAACCGCCT-3’ (mecl) This study
ml3 5'-CAAAAGGACTGGACTGGAGTCCAAA-3' 180 bp, mI4 (mecl) This study
mecRI (PB domain)
mcR2 5'-CGCTCAGAAATTTGTTGTGC-3' (mecRI—PB domain) 21
mcR5 5'-CAGGGAATGAAAATTATTGGA-3' 320 bp, mcR2 (mecRI—PB domain) This study
SCCmec subtype IVa
4al 5'-TTTGAATGCCCTCCATGAATAAAAT-3' (J1 region of IVa) This study
4a2 5'-AGAAAAGATAGAAGTTCGAAAGA-3’ 450 bp, 4al (J1 region of IVa) This study
SCCmec subtype IVb
4b1 5'-AGTACATTTTATCTTTGCGTA-3' (J1 region of IVb) This study
4b2 5'-AGTCATCTTCAATATCGAGAAAGTA-3' 1 kbp, 4b1 (J1 region of IVb) This study

“ccr type is determined by PCR using primer B¢ (the common primer for three types of ccrB) and either one of the three types of ccrA, al (ccrAl), a2 (ccrA2), and
a3 (ccrA3). This typing actually reflects the allotype of ccrA.

alent in C-MRSA/NORSA strains. However, type IV SCCmec
is short (21 to 25 kb) compared to the three SCCmecs preva-
lent in H-MRSA strains (34 to 67 kb) and lacks any antibiotic
resistance genes other than mecA (23) (Fig. 2). This evidently
corresponds to the non-multiresistant nature of C-MRSA/
NORSA and may alleviate the fitness cost paid by H-MRSA
strains carrying big SCCmecs with multiple-drug resistance de-
terminants.

Although we need to explore further the reason why type IV
SCCmec is prevalent in C-MRSA strains, it seems clear that
we are witnessing the emergence and expansion of new
MRSA clones in the community. These clones are different
from any of the major H-MRSA clones in the world that
we have identified by using SCCmec typing and ribotyping
combinations (12, 17). In this study we realized that the
antibiogram is not completely reliable in discriminating C-
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FIG. 2. Illustrative representation of various types of SCCmec. SCCmec type is defined by the combination of the type of ccr gene complex and
the class of mec gene complex. Type I SCCmec is defined by the combination of type 1 ccr and class B mec (IS1272-AmecR1-mecA); type 11 is
defined by type 2 ccr and class A mec (mecl-mecRI-mecA); type 111 is defined by type 3 ccr and class A mec; and type IV is defined by type 2 ccr
and class B mec. Type IV SCCmec is further classified into subtypes (type IVa and type IVb) based on the sequence difference in the J1 region
of SCCmec (J stands for “junkyard”). Positions of primers used in this study to identify and type SCCmec are shown (see Table 2 for the nucleotide
sequence of each primer). The allelic class of mec gene complex is determined by PCR detection of the presence or absence of 1S1272, mecl, and
mecRI in two domains (PB, penicillin-binding domain; and MS, membrane-spanning domain), mecA, and 1S431mec. PCR amplification was
performed using 2.5 U of Ex Taq (Takara Shuzo Co., Ltd., Kyoto, Japan) in 50 pl of reaction mixture. Thermal cycling was set at 30 cycles (30
s for denaturation at 94°C, 1 min for annealing at 50°C, and 2 min for elongation at 72°C) using the Gene Amp PCR system 9600 (Perkin-Elmer,
Wellesley, Mass.). For the detection of mecA-IS431mec, a long-range PCR method was used, set at 10 cycles (15 s for denaturation at 94°C, 30 s
for annealing at 50°C, and 8 min for elongation at 68°C) followed by 20 cycles (15 s for denaturation at 94°C, 30 s for annealing at 50°C, and 12
min for elongation at 68°C). Note that this study identified a new type of SCCmec for three C-MRSA strains that carried the class C2 mec gene

complex (21). The sequencing of the entire SCCmec is now ongoing.

MRSA from H-MRSA, nor is the phenotypic expression of
methicillin resistance. Even epidemiological information is
not sufficient, since, for example, many C-MRSA strains have
been carried in Australian hospitals (29). Therefore, no reli-
able judgment can be made as to whether the strain isolat-
ed in the hospital is H-MRSA or C-MRSA even based on
the timing of isolation of the strains after admission to
hospital. In this regard, SCCmec and MLST typing will be-
come more important in the years to come for discrimina-
tion of numerous C-MRSA strains prevailing in both com-
munity and hospitals by reference to their ancestral MRSA
clones (12).
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