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We report a skin and soft-tissue infection outbreak among football team members due to a USA300
methicillin-susceptible Staphylococcus aureus (MRSA) strain with genes coding for Panton-Valentine leukoci-
din and the arginine catabolic mobile element. We postulate that the strain is a community-associated USA300
MRSA strain that lost methicillin resistance but retained important virulence factors.

In the United States, most community-associated methicil-
lin-resistant Staphylococcus aureus (CA-MRSA) infections
have been caused by the USA300 clone (12). Outbreaks caused
by USA300 have been reported in at least 38 states, and it
accounts for �50% of all S. aureus infections (12). USA300
belongs to multilocus sequence type clonal complex 8, se-
quence type 8, and spa type 008. It is characterized by the
presence of SCCmec IV, which confers methicillin resistance,
the arginine catabolic mobile element (ACME), and genes
coding for Panton-Valentine leukocidin (PVL) (2).

During the fall of 2007, we detected an outbreak of skin infec-
tions among football players at a New England college. The out-
break was characterized by rapid spread among players and ab-
scess formation, features characteristic of previously described
CA-MRSA outbreaks among members of athletic teams. The
causative organism was methicillin-susceptible S. aureus (MSSA),
however, and it showed an unusual resistance profile (resistance
to erythromycin and ciprofloxacin). The epidemiologic and clin-
ical pattern of the outbreak and the resistance profile prompted
us to investigate the cases and look for molecular similarities
between the outbreak strain and USA300.

A case was defined as a college football player with a cip-
rofloxacin-resistant MSSA skin infection with onset between
preseason training and the end of the season. Cases were
detected by active surveillance for cellulitis and/or skin abscess
among players and athletic trainers. Incision and drainage were
performed on all abscesses, and specimens were sent for rou-
tine cultures. On day 16 of the outbreak, all 110 football play-
ers and eight athletic trainers were screened for S. aureus
colonization. The anterior nares and pharynx were sampled
using rayon-tipped swabs (Fisherfinest*; Fisher Scientific, On-
tario, Canada), and specimens from each person were com-
bined for microbiological evaluation.

Isolates from cases were typed by pulsed-field gel electro-
phoresis (PFGE) using restriction endonuclease SmaI (11).

Bionumerics software (version 5.0; Applied Maths, Kortrijk,
Belgium) was used to compare isolates to each other and to
the USA300 MRSA control strain. spa typing (6) and PCR to
determine the presence or absence of PVL genes (9) and the
ACME-specific arcA gene (2) were also performed.

Eight of the 110 football players met the outbreak case defini-
tion (attack rate, 7%; Table 1). All of the isolates had the same
antibiotic susceptibility profile, with susceptibility to oxacillin,
cefazolin, ceftriaxone, piperacillin-tazobactam, clindamycin,
gentamicin, rifampin, tetracycline, trimethoprim-sulfamethox-
azole, and vancomycin and resistance to penicillin, erythromy-
cin, ciprofloxacin, and bacitracin. The isolates were indistin-
guishable by PFGE, with a macrorestriction fragment pattern
typical of USA300 (Fig. 1). The outbreak isolate was spa type
008 and contained PVL-encoding and ACME-specific arcA
genes, consistent with a USA300 designation. Compared with
the USA300 control, the outbreak isolates were missing an ap-
proximately 30-kb portion of the SmaI fragment of mecA.

Of the 118 players and athletic trainers, 62 (53%) were colo-
nized with MSSA but none was colonized with the outbreak
strain. Five (4%) were colonized with MRSA. One of the eight
infected players was colonized with a nonoutbreak MSSA
strain.

Several features of our outbreak are similar to those previ-
ously described in reported USA300 MRSA outbreaks, such as
the rapidity of spread and the severity of tissue inflammation
and abscess formation. The finding that none of the players or
trainers was colonized with the outbreak strain, despite a high
MSSA colonization rate, is also consistent with USA300 MRSA
outbreaks in football teams (1, 8). It is important to note,
however, that it is possible that some carriers were not de-
tected because broth enrichment was not used with our selec-
tive culture media.

The outbreak strain is a USA300 strain by PFGE and con-
tains genes coding for PVL and ACME. The outbreak strain
differs from USA300 MRSA only by an approximately 30-kb
deletion consistent with loss of SCCmec IV. Our isolate is
similar to USA300 MSSA strains previously described in non-
outbreak-associated settings (3, 10, 13).

We believe that our outbreak isolate represents a strain of
MSSA that evolved from USA300 by losing SCCmec IV. USA300
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MRSA is thought to have evolved from MSSA through hori-
zontal transfer of mobile elements (2). SCCmec IV and ACME
were likely acquired from S. epidermidis, given that they were
highly prevalent in S. epidermidis years before they were de-
tected in S. aureus (4). Since SCCmec IV and ACME integrate
at the same attachment site, orfX, it has been hypothesized that
they may have been acquired in association (2, 7). Diep et al.
(2) proposed that ACME from S. epidermidis is excised by
ccrAB recombinase from an adjacent SCC element and then
integrated into the USA300 MRSA genome by ccrAB from an
existing SCCmec IV element (2). The dependence of ACME
on ccrAB from an existing SCCmec element may explain the
common attachment site.

Our outbreak isolate is similar to the ACME-positive, SCCmec

IV-negative USA300 strain described by Goering et al. (5).
Their analysis of the junction between ACME and the attach-
ment site, orfX, did not reveal any SCCmec IV elements. Since
the insertion of ACME is most likely dependent on SCCmec
recombinase (ccr) genes, the absence of SCCmec IV in this
isolate suggests that it has been deleted. Donnio et al. (3)
showed that an MSSA strain with an unusual resistance pattern
(resistant to erythromycin and fluoroquinolones) could be de-
rived from a dominant epidemic MRSA strain with loss of a
40-kb DNA fragment corresponding to the SCCmec region (3).
Further analysis of their USA300 MSSA isolates revealed small
fragments of SCCmec, further supporting this idea (3).

This outbreak of severe skin and soft-tissue infections among
healthy athletes provides evidence that USA300 MRSA is ca-
pable of losing its methicillin resistance while maintaining its
virulence. If loss of resistance represents the latest evolution-
ary development for S. aureus, it has important implications for
infection surveillance and prevention and control programs,
which are increasingly based on detection of methicillin resis-
tance as a trigger for interventions.
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TABLE 1. Demographic and clinical description of the eight cases of MSSA infection associated with a New England college football team
outbreak in 2007

Case no. Age (yr) Outbreak
day Infection date Infection site I and Da plus

antibiotics
Skin infection
in past year

1 19 1 8/27/2007 Leg Yes Yesb

2 20 2 8/28/2007 Knee Yes No
3 22 3 8/29/2007 Forearm Yes No
4 18 4 8/30/2007 Forearm Yes No
5 19 12 9/7/2007 Thigh Yes No
6 19 12 9/7/2007 Chest Yes No
7 18 22 9/17/2007 Knee Yes No
8 21 55 10/20/2007 Elbow Yes No

a I and D, incision and drainage.
b Arm lesion 3 weeks before outbreak.

FIG. 1. PFGE results of the eight cases of MSSA infection associ-
ated with a New England college football team outbreak in 2007,
suggesting a single source of infection (lanes 2 to 9). Lane 1 is a
reference strain of USA300 MRSA which differs from the outbreak
strain by a single band.
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