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ABSTRACT

BACKGROUND

Methicillin-resistant Staphylococcus aureus (MRSA) is an emerging cause of infections
outside of health care settings. We investigated an outbreak of abscesses due to MRSA
among members of a professional football team and examined the transmission and
microbiologic characteristics of the outbreak strain.

METHODS

We conducted a retrospective cohort study and nasal-swab survey of 84 St. Louis Rams
football players and staff members. S. aureus recovered from wound, nasal, and environ-
mental cultures was analyzed by means of pulsed-field gel electrophoresis (PFGE) and
typing for resistance and toxin genes. MRSA from the team was compared with other
community isolates and hospital isolates.

RESULTS

During the 2003 football season, eight MRSA infections occurred among 5 of the 58
Rams players (9 percent); all of the infections developed at turf-abrasion sites. MRSA
infection was significantly associated with the lineman or linebacker position and a
higher body-mass index. No MRSA was found in nasal or environmental samples; how-
ever, methicillin-susceptible S. aureus was recovered from whirlpools and taping gel
and from 35 of the 84 nasal swabs from players and staff members (42 percent). MRSA
from a competing football team and from other community clusters and sporadic cases
had PFGE patterns that were indistinguishable from those of the Rams’ MRSA; all car-
ried the gene for Panton—Valentine leukocidin and the gene complex for staphylococ-
cal-cassette-chromosome mec type IVa resistance (clone USA300-0114).

CONCLUSIONS
We describe a highly conserved, community-associated MRSA clone that caused abscess-
es among professional football players and that was indistinguishable from isolates
from various other regions of the United States.
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METHICILLIN-RESISTANT S. AUREUS AMONG FOOTBALL PLAYERS

ONTACT SPORTS SUCH AS AMERICAN

football inevitably lead to skin and soft-tis-

sue injuries that place players at increased
risk for infection.? Skin infections, particularly
those caused by Staphylococcus aureus, are common
among sports participants. Recent reports have de-
scribed an increasing number of community-asso-
ciated methicillin-resistant S. aureus (MRSA) skin
infections in persons without links to health care in-
stitutions.®® These infections differ from those due
to health care—associated MRSA in that they are
resistant predominantly to 8-lactam and macro-
lide antimicrobial agents and in that they result in
the formation of skin abscesses. Cases of communi-
ty-associated MRSA infection have previously been
reported among football players and other sports
participants; however, little is known about fac-
tors associated with the emergence of community-
associated MRSA strains that may cause outbreaks
in various geographic regions and community set-
tings.

In September 2003, cases of large skin abscesses
caused by MRSA were first noted among members
of the St. Louis Rams, a professional football team
in Missouri. Additional cases among team mem-
bers and subsequent cases in members of an op-
posing team suggested that competitive play might
be causing transmission. On November 6, 2003, the
Centers for Disease Control and Prevention (CDC)
was invited to investigate the transmission of MRSA
among the Rams football players, to recommend
prevention and control measures, and to charac-
terize the staphylococcal isolates.

METHODS

EPIDEMIOLOGIC INVESTIGATION

We defined a case of MRSA infection as any skin
or soft-tissue infection in a player or staff member
of the St. Louis Rams during the 2003 football sea-
son (August 1 through November 30) from which
MRSA was isolated on culture. To identify potential
activities that might have led to the transmission of
MRSA, we performed an observational study of on-
field and off-field activities and hygiene practices
during competition and training at the Rams fa-
cility. In addition, a retrospective cohort study of
the players was conducted to identify risk factors
for infection. Using a standardized data-collection
form, we collected information about players’ field
positions, demographic characteristics, health care
exposures, antimicrobial use, close contact with

other persons with skin infections, skin-abrasion
management, hygiene practices, and use of saunas,
whirlpools, and training and therapy equipment.
We also evaluated antimicrobial use among the
Rams players by reviewing the team pharmacy log
and calculating the average number of antimicro-
bial prescriptions per player per year. We compared
this rate to sex- and age-specific rates in the general
population, as determined by national surveys.”-®

ENVIRONMENTAL AND LABORATORY
INVESTIGATION

To determine whether other Rams players were
colonized with the outbreak MRSA strain, we per-
formed a nasal-carriage prevalence survey among
all players and staff members and obtained swabs
of uninfected skin abrasions. To identify any envi-
ronmental sources of exposure, we sampled sur-
faces and shared items in the training facility, in-
cluding weight-training equipment, towels, saunas
and steam rooms, and water from whirlpools and
a therapy pool. In addition, we swabbed 0.1-m?
(1-ft2) areas of artificial turf after a game in areas of
the field that were recorded to have the highest num-
ber of tackles. All environmental sampling was per-
formed after recommended infection-control pro-
cedures and the use of chlorhexidine-containing
soap had been initiated.

After initial screening for oxacillin resistance, all
available MRSA isolates from Rams players’ skin
abscesses and suspected MRSA isolates from skin
abrasions, nasal swabs, and environmental sourc-
es were tested for antimicrobial susceptibility by
means of broth microdilution, according to inter-
pretive criteria of the Clinical and Laboratory Stan-
dards Institute (formerly the National Committee
for Clinical Laboratory Standards).® The antimi-
crobial agents tested were ciprofloxacin, clindamy-
cin, erythromycin, levofloxacin, oxacillin, penicillin,
tetracycline, trimethoprim—sulfamethoxazole, and
vancomycin. In addition, an antimicrobial-suscep-
tibility disk test to study inducible clindamycin re-
sistance (i.e., a D-test) was performed.1®11 All
S. aureus recovered from skin abscesses, the envi-
ronment, nasal swabs, and skin-abrasion speci-
mens were tested by a polymerase-chain-reaction
assay for the staphylococcal-cassette-chromosome
mec (SCCmec) resistance complex, as described by
Katayama et al.,>? and for the gene encoding Pan-
ton—Valentine leukocidin cytotoxin.314

After digestion of chromosomal DNA with re-
striction endonucleases (Smal for initial digestion
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and Eagl, Sacll, Natl, Apal, or Nael for subsequent
digestion of subtype USA300-0114), restriction
products were analyzed by pulsed-field gel electro-
phoresis (PFGE).*® The gels were analyzed with
BioNumerics software (Applied Maths) and inter-
preted according to criteria published elsewhere.*®
To determine the relatedness of the outbreak strain
to other strains, we compared the PFGE patterns of
isolates from the Rams with those of MRSA iso-
lates from Team A, a professional football team that
competed with the Rams and members of which
subsequently had abscess development. In addition,
we compared the PFGE patterns of both teams’ iso-
lates with all 3241 isolates of S. aureus in the CDC
PulseNet database” to identify the clonal complex
to which the isolates belonged. To compare the
patterns, we calculated percentage similarities with
Dice coefficients by the unweighted pair-group
method with arithmetic averages.>” Multilocus se-
quence typing was performed on pulsed-field type
USA300 isolates.*®

STATISTICAL ANALYSIS

All univariate and bivariate analyses were per-
formed with SAS software, version 9.0. Chi-square
or Fisher’s exact tests were used to analyze the rela-
tionships between categorical variables, and t-tests
were used to analyze the relationship between cate-
gorical and continuous variables. All reported P val-
ues are two-sided. Multivariate analysis was not per-
formed because of the small number of cases.

RESULTS

EPIDEMIOLOGIC INVESTIGATION

From September 1 through December 1, 2003,
eight MRSA infections occurred in 5 of the 58 Rams
players (9 percent) (Fig. 1). The infections devel-
oped in offensive and defensive linemen and a line-
backer at sites of skin abrasions (turf burns) on el-
bows, forearms, or knees. All the infections rapidly
progressed to large abscesses 5 to 7 cm in diame-
ter and required surgical intervention with incision
and drainage. The mean age of the players with
MRSA infections was 27 years (range, 23 to 33). Var-
ious antimicrobial agents were administered; two
of the players received intravenous antimicrobial
agents (vancomycin and ceftriaxone) before the ini-
tiation of oral antimicrobial therapy, and all five play-
ers received three oral agents (cephalexin, trimeth-
oprim-sulfamethoxazole, and rifampin) alone or
in combination. Most of the infections resolved

within 10 days after the initiation of treatment.
Recurrent infections developed in three of the five
players. Although none of the players required hos-
pitalization, three of them missed 1, 4, and 12 days
of games or practice, respectively, for a total of 17
missed days due to infection.

From our player survey and observational study
of games and practices, we found that skin abra-
sions occurred frequently among players. Approxi-
mately two to three turf burns per week were ac-
quired from sliding on the field during competition
or practice (Fig. 2). Players reported that abrasions
were more frequent and severe when competition
took place on artificial turf than when it took place
on natural grass. Trainers, who provided wound
care, did not have regular access to hand hygiene,
and alcohol-based hand-hygiene products were
not available near areas where wound care or phys-
ical therapy was provided. Towels were frequent-
ly shared on the field during practice and games,
with as many as three players using the same towel.
Players often did not shower before using com-
munal whirlpools. At the training facility, weight-
training and therapy equipment was not routinely
cleaned. Manufacturer-recommended guidelines
for the routine cleaning of whirlpools, saunas, and
steam rooms were not available for review.

Evaluation of potential risk factors explored in
a cohort study revealed that being a lineman or a
linebacker, as compared with having a backfield
position, was associated with the highest relative
risk of an MRSA infection (10.6 [95 percent confi-
dence interval, 1.3 to infinity], P=0.02) (Table 1).
Players with MRSA skin infection had a significantly
higher body-mass index than players in whom in-
fection did not develop. Use of antimicrobial agents
during the previous year was associated with MRSA
infection; however, the association was not statisti-
cally significant (relative risk, 7.8; 95 percent confi-
dence interval, 0.5 to infinity).

According to the team pharmacy log for the
2002 football season, maintained at the training
facility, a team player on average received 2.6 anti-
microbial-drug prescriptions per year. This rate was
greater than 10 times the rate among persons of
the same age and sex in the general population (0.5
prescription per year). In their survey responses,
approximately 60 percent of players indicated they
had taken or received antimicrobials during the
2003 football season.

Infection-control measures were instituted at
the Rams training facility during the week of Octo-
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Figure 1. Epidemic-Curve Graph (Top) and Field Position Diagram (Bottom) of Cases of MRSA Infection among St. Louis
Rams Professional Football Players in 2003.

Each box on the epidemic-curve graph and field diagram represents an MRSA infection; different colors designate differ-

infections. On the field diagram, X represents a defensive-

ber 26, 2003 (Fig. 1), and included installation of
wall-mounted soap dispensers with chlorhexidine-
containing soap for routine hand washing by play-
ers and staff members, appropriate local wound
care, antimicrobial therapy targeting MRSA, and
active surveillance for skin infections. After this in-
tervention, only one additional case of MRSA infec-
tion occurred.

LABORATORY INVESTIGATION

Susceptibility testing of the MRSA causing infec-
tions in five Rams players showed that, in all cases,
itwas resistant to macrolides and oxacillin but sus-
ceptible to ciprofloxacin, clindamycin, tetracycline,
trimethoprim-sulfamethoxazole, and vancomy-
cin. None of the tested isolates exhibited induc-
ible clindamycin resistance on the D-test. Isolates
from the Rams and from Team A were compared
with 3241S. aureusisolate patterns in the CDC staph-

ylococcus PulseNet database, which revealed that
both teams’ isolates were pulsed-field type USA300
(Fig. 3). After digestion with Smal endonuclease,
the teams’ PFGE patterns were indistinguishable
from one another but also indistinguishable from
patterns associated with various community-asso-
ciated MRSA clusters and sporadic cases in the Unit-
ed States. Both the teams’ isolates and the indis-
tinguishable community-associated isolates differed
from other community-associated MRSA isolates
(USA400) and known health care-associated iso-
lates (USA100 and USA200).

To discriminate further among the indistin-
guishable PFGE patterns, digestion with five addi-
tional enzymes (Eagl, Sacll, Narl, Apal, and Nael) was
performed on MRSA isolates: two from the Rams,
eight from Team A, and one representative isolate
from each of nine previously investigated commu-
nity clusters and sporadic cases among sports par-
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Figure 2. Photograph of an Uninfected Skin Abrasion
(Turf Burn) on a St. Louis Rams Professional Football
Player in 2003.

ticipants, children, prisoners, military recruits, and
men who have sex with men. After each of the five
additional digestions, the isolates again had indis-
tinguishable patterns. This clonal subtype is now
classified as pulsed-field type USA300-0114. All
USA300-0114 isolates contained the gene for Pan-
ton—Valentine leukocidin as well as the gene com-
plex for SCCmec type IVa resistance. The USA300-
0114 subtype has been determined to fall within
sequence type 8 on multilocus sequence typing.
The nasal-swab survey indicated that 23 of the
58 Rams players (40 percent) and 12 of the 26 staff
members (46 percent) were colonized with methi-
cillin-susceptible S. aureus (MSSA). No MRSA was
identified. No environmental specimens yielded
MRSA; however, MSSA isolates were recovered from
a gel-applicator stick used for taping ankles and
from two samples of whirlpool water collected at
the end of the day. The gel and whirlpool-water iso-

lates were indistinguishable on PFGE from MSSA
recovered from the nasal swabs.

Examination of one nasal MSSA isolate revealed
a two-band difference from the USA300-0114 pat-
tern. This isolate also had the gene for Panton—
Valentine leukocidin. Southern blot hybridization
analysis of the outbreak MRSA isolates and the na-
sal MSSA isolate demonstrated that the band miss-
ing in the MSSA isolate carried the mecA resistance
gene. The absence of the mecA gene may indicate ei-
ther that the isolate lost the resistance gene or that
this MSSA represents a strain that has not yet ac-
quired the resistance gene.

DISCUSSION

Our investigation revealed that a cluster of skin ab-
scesses among professional football players and
other recent outbreaks of skin infection in the Unit-
ed States were caused by an emerging MRSA clone.
This community-associated clone differed from
strains of MRSA circulating in health care settings
in that it was susceptible to most antimicrobial
agents other than B-lactams and macrolides, it pri-
marily caused skin infections in otherwise healthy
persons, and it carried both a characteristic gene
complex for methicillin resistance (SCCmec type
IVa) and the gene for Panton—Valentine leukocidin,
a cytotoxin that has been associated with severe ab-
scesses and necrotizing pneumonia.’® During the
2003 football season, abscesses also occurred in a
competing team after a game with the Rams, sug-
gesting that transmission of MRSA occurred dur-
ing game play.

We used PFGE and five restriction endonucleas-
es to demonstrate that MRSA isolates from both
teams were indistinguishable. Further comparison
with MRSA from epidemiologically unrelated out-
breaks among sports participants and persons in
other settings revealed that these other isolates were
also indistinguishable from those of the two pro-
fessional football teams and represented a clone
now classified as pulsed-field type USA300-0114.
These results indicate that this clone may be widely
distributed in the community and thus that the two
teams may have acquired the same strain indepen-
dently. With currently available molecular-typing
methods, it was not possible to differentiate be-
tween community and team isolates, and thus nei-
ther team-to-team transmission nor independent,
community acquisition could be implicated as the
primary source of MRSA among football players.
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August 1 through November 30, 2003.*

Table 1. Risk Factors for Skin Abscesses Due to Community-Associated MRSA among 53 St. Louis Rams Football Players,

Mean body-mass indexi: NA

Lineman or linebacker position
(vs. backfield position)
— no. of players (%)
Surgery in past year
— no. of players (%)
Hospitalization in past year
— no. of players (%)
Use of antimicrobials in past year
— no. of players (%)
Turf burns covered during games
— no. of players (%)

Shaved body other than face 9/51 (18)
— no. of players (%)
Gloves worn during games
— no. of players (%)

Gloves used >3 times (vs. 1, 2,
or 3 times) before washing
— no. of players (%)

Relative Risk
Risk Factor Risk Factor Present (95% CI) P Valuet
All MRSA No MRSA
Respondents  Infection Infection
Black race — no. of players (%) 25/53 (47)  3/5(60)  22/48 (46) 1.7 (0.3-9.3) 0.55

35.8 311 NA 0.03
27/53 (51)  5/5(100)  22/48 (46)
16/53 (30)  3/5 (60)
10/53 (19)  0/5

30/51(59)  5/5(100)  25/46 (54)

39/50 (78)  3/5 (60)

44/52 (85)  5/5(100)  39/47 (83)

13/48 (27) 3.5(0.6-18.8)  0.13
10/48 (21) 0.4 (0-3.6) 033

7.8 (0.5-0) 0.06

36/45 (80) 0.4 (0.1-2.2) 031

1/5 (20) 8/46 (17) 1.2 (0.2-9.2) 0.89
2.2 (0.2-) 0.41

27/41 (66) 0.4 (0.1-2.1) 0.26

29/46 (63)  2/5 (40)

10.6 (1.3-w) 0.02

%

* The data reflect information provided by the players who responded to the survey. Cl denotes confidence interval, and NA not

applicable. Percentages and relative risks were calculated on the basis of the total number of responses to each question.
T P values and confidence intervals are based on Fisher’s exact and chi-square analysis for categorical variables and t-testing

for continuous variables.

1 The mean body-mass index is the weight in kilograms divided by the square of the height in meters.

Findings from our investigation underscore the
importance of certain factors at the player level
and at the team level that could have facilitated the
spread of the clone in this setting. One important
player-level factor was skin abrasions, or turf burns.
All MRSA skin abscesses developed at sites of turf
burns on areas of skin not covered by a uniform
(e.g., elbows and forearms). These abrasions were
usually left uncovered, and when combined with
frequent skin-to-skin contact throughout the foot-
ball season, probably constituted both the source
and the vehicle for transmission. In our investiga-
tion, infection occurred only among linemen and
linebackers, and not among those in backfield po-
sitions, probably because of the frequent contact
among linemen during practice and games. We also
observed a lack of regular access to hand hygiene
(i.e., soap and water or alcohol-based hand gels)
for trainers who provided wound care; skipping of
showers by players before the use of communal

whirlpools; and sharing of towels — all factors
that might facilitate the transmission of infection
in this setting.

We did not detect any MRSA in environmental
or nasal samples; however, environmental sourc-
es yielded MSSA that matched nasal MSSA isolates
— a finding that suggests that the environment
may have had a role in the transmission of MRSA
among team members. Previously reported inves-
tigations have identified potential transmission
from contaminated surfaces and shared items.*3
In addition, recovery of MRSA from colonized per-
sons during outbreaks has been variable, with some
investigations detecting no nasal colonization with
MRSA, %22 as was the case in our study. Treatment
of infected players with antimicrobial drugs (e.g.,
rifampin) in our study may have eliminated the na-
sal colonization in these persons. In addition, insti-
tution of infection-control practices and enhance-
ment of personal hygiene may have minimized
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Figure 3. Pulsed-Field Gel Electrophoresis Patterns with Percentage Similarities for MRSA Isolates from Competing Football Teams (St. Louis
Rams and Team A) and from Outbreaks in Various Community Settings and Geographic Locations.

The dendrogram presents only one representative MRSA isolate for each setting. All strains are from the staphylococcus PulseNet database

colonization and transmission to other players be-
fore our nasal-swab survey.

We found the highly conserved USA300-0114
MRSA clone was present in diverse regions of the
United States. This clone and other USA300 and
USA400 strains appear to have caused the majority
of community-associated MRSA cases character-
ized to date in the United States.'” The reasons for
the emergence of the clone are unclear; however,
antimicrobial use in the community may have helped
select bacteria that are resistant to standard em-
piric therapy for skin and soft-tissue infections (i.e.,
a first-generation cephalosporin or a penicillinase-
resistant penicillin). The players in our investiga-
tion were receiving 10 times the number of anti-
microbial prescriptions dispensed to the general
public. Increased use of antimicrobial agents, when
combined with other factors such as compromised
skin, close skin-to-skin contact, close person-to-
person proximity, a contaminated environment,
and suboptimal hand and personal hygiene may
provide the right conditions for efficient transmis-
sion among the members of a cohort and thus lead
to clusters of skin infections.

On the basis of the findings of this and other in-

vestigations of outbreaks among sports partici-
pants, several recommendations can be made. First,
clinicians and other personnel involved in the care
of sports participants should be aware of the emer-
gence in the community of MRSA with distinct
microbiologic and epidemiologic characteristics.
Infections with these organisms predominantly
cause skin abscesses in otherwise healthy persons
who often have no health care exposures. Obtain-
ing cultures in suspected cases of infection and per-
forming antimicrobial-susceptibility testing will
facilitate early identification of cases and initia-
tion of targeted treatment. Clinicians should drain
abscesses and ensure that wounds are covered and
contained with clean, dry dressings. Infected per-
sons should receive guidance regarding enhanced
hand and personal hygiene to prevent transmis-
sion. Frequently touched surfaces should be cleaned
in accordance with manufacturer-recommended
guidelines. Chlorhexidine-containing soap and na-
sal decolonization with mupirocin have been recom-
mended to control outbreaks23; however, data
demonstrating the independent benefit of these
agents in controlling MRSA in community clusters
are lacking. Some studies have reported that anti-
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bacterial soap with 1.5 percent triclocarban is ef-
fective in preventing impetigo and atopic dermati-
tis.?* Additional studies are needed to determine
whether the use of antibacterial soap should be rou-
tinely recommended and whether decolonization
and the use of body antiseptics are also needed to
control transmission.

The CDC has initiated a collaboration with the
National Collegiate Athletic Association in devel-
oping guidelines for the prevention and control of
community-associated MRSA among college foot-
ball players. The guidelines will include education-
al materials targeted to athletic trainers and will
describe infection-control practices and measures
for responding to cases or clusters of infections.

To monitor the prevalence of community-associat-
ed MRSA infections, the CDC has initiated active
population-based surveillance in eight geograph-
ic locations in the United States.?®> These data will
help to characterize the emergence of MRSA in the
community and will guide public health interven-
tions, including strategies to prevent antimicrobial
resistance.

The use of trade names and commercial sources does not imply
endorsement by the U.S. Department of Health and Human Services
or the CDC.

We are indebted to Laura Rose, Terri Forster, Chesley Richards,
and Linda McCaig (CDC); to Dr. Bao-Ping Zhu (Missouri Depart-
ment of Health and Senior Services); and to Dr. William Baine

(Agency for Healthcare Research and Quality, U.S. Department of
Health and Human Services) for their support.

REFERENCES

1. Goodman RA, Thacker SB, Solomon
SL, Osterholm MT, Hughes JM. Infectious
diseases in competitive sports. JAMA 1994;
271:862-7.

2. Dorman JM. Contagious diseases in
competitive sport: what are the risks? ] Am
Coll Health 2000;49:105-9.

3. Shopsin B, Mathema B, MartinezJ, etal.
Prevalence of methicillin-resistant and meth-
icillin-susceptible Staphylococcus aureus in the
community. J Infect Dis 2000;182:359-62.
4. Methicillin-resistant Staphylococcus aureus
infections among competitive sports partic-
ipants — Colorado, Indiana, Pennsylvania,
and Los Angeles County, 2000-2003. MMWR
Morb Mortal Wkly Rep 2003;52:793-5.

5. Naimi TS, LeDell KH, Como-Sabetti K,
etal. Comparison of community- and health
care-associated methicillin-resistant Staphy-
lococcus aureus infection. JAMA 2003;290:
2976-84.

6. Chambers HFE. The changing epidemi-
ology of Staphylococcus aureus? Emerg Infect
Dis 2001;7:178-82.

7. 2002 National Ambulatory Medical Care
Survey public use data file documentation.
Hyattsville, Md.: National Center for Health
Statistics, 2004.

8. 2002 National Hospital Ambulatory
Medical Care Survey public use data file doc-
umentation. Hyattsville, Md.: National Cen-
ter for Health Statistics, 2004.

9. Performance standards for antimicro-
bial susceptibility testing. 14th informa-
tional supplement M100-S14. Vol. 24. No. 1.
Wayne, Pa.: National Committee for Clini-
cal Laboratory Standards, January 2004.

10. Jorgensen JH, Crawford SA, McElmeel
ML, Fiebelkorn KR. Detection of inducible
clindamycin resistance of staphylococci in
conjunction with performance of automat-
ed broth susceptibility testing. J Clin Micro-
biol 2004;42:1800-2.

11. Schreckenberger PC, Ilendo E, Ristow

KL. Incidence of constitutive and inducible
clindamycin resistance in Staphylococcus au-
reus and coagulase-negative staphylococci in
a community and a tertiary care hospital.
J Clin Microbiol 2004;42:2777-9.

12. Katayama Y, Ito T, Hiramatsu K. A new
class of genetic element, staphylococcus cas-
sette chromosome mec, encodes methicillin
resistance in Staphylococcus aureus. Antimi-
crob Agents Chemother 2000;44:1549-55.
13. Lina G, Piemont Y, Godail-Gamot F, et
al. Involvement of Panton-Valentine leuko-
cidin-producing Staphylococcus aureus in pri-
mary skin infections and pneumonia. Clin
Infect Dis 1999;29:1128-32.

14. Letertre C, Perelle S, Dilasser F, Fach P.
A strategy based on 5' nuclease multiplex
PCR to detect enterotoxin genes sea to sej of
Staphylococcus aureus. Mol Cell Probes 2003;
17:227-35.

15. Maslow )N, Slutsky AM, Arbeit RD. Ap-
plication of pulsed-field gel electrophoresis
to molecular epidemiology. In: Persing DH,
Smith TF, Tenover FC, White TJ, eds. Diag-
nostic molecular microbiology: principles
and applications. Washington, D.C.: Ameri-
can Society for Microbiology, 1993:563-72.
16. Tenover FC, Arbeit RD, Goering RV. How
to select and interpret molecular strain typ-
ing methods for epidemiological studies of
bacterial infections: a review for healthcare
epidemiologists. Infect Control Hosp Epide-
miol 1997;18:426-39.

17. McDougal LK, Steward CD, Killgore
GE, Chaitram JM, McAllister SK, Tenover
FC. Pulsed-field gel electrophoresis typing
of oxacillin-resistant Staphylococcus aureus
isolates from the United States: establishing
a national database. J Clin Microbiol 2003;
41:5113-20.

18. Enright MC, Day NP, Davies CE, Pea-
cock SJ, Spratt BG. Multilocus sequence typ-
ing for characterization of methicillin-resis-
tant and methicillin-susceptible clones of

Staphylococcus aureus. J Clin Microbiol 2000;
38:1008-15.

19. Outbreaks of community-associated
methicillin-resistant Staphylococcus aureus skin
infections — Los Angeles County, Califor-
nia, 2002-2003. MMWR Morb Mortal Wkly
Rep 2003;52:88.

20. Methicillin-resistant Staphylococcus aureus
skin or soft tissue infections in a state prison
— Mississippi, 2000. MMWR Morb Mortal
WKly Rep 2001;50:919-22.

21. Methicillin-resistant Staphylococcus au-
reus infections in correctional facilities —
Georgia, California, and Texas, 2001-2003.
MMWR Morb Mortal Wkly Rep 2003;52:
992-6.

22. Martinez-Aguilar G, Avalos-Mishaan A,
Hulten K, Hammerman W, Mason EO Jr,
Kaplan SL. Community-acquired, methi-
cillin-resistant and methicillin-susceptible
Staphylococcus aureus musculoskeletal in-
fections in children. Pediatr Infect Dis J 2004;
23:701-6.

23. Baggett HC, Hennessy TW, Rudolph K,
et al. Community-onset methicillin-resis-
tant Staphylococcus aureus associated with
antibiotic use and the cytotoxin Panton-Val-
entine leukocidin during a furunculosis out-
break in rural Alaska. J Infect Dis 2004;189:
1565-73.

24. Luby S, Agboatwalla M, Schnell BM,
Hoekstra RM, Rahbar MH, Keswick BH. The
effect of antibacterial soap on impetigo inci-
dence, Karachi, Pakistan. AmJ Trop Med Hyg
2002;67:430-5.

25. HagemanJ, Morrison M, Como-Sabetti
K, et al. Multiple state-based surveillance
for community-associated methicillin-resis-
tant Staphylococcus aureus (CAMRSA) disease:
Maryland, Minnesota, and Georgia 2001-
2002. Presented at the International Confer-
ence on Emerging Infectious Diseases, Atlan-
ta, February 29-March 3, 2004. abstract.
Copyright © 2005 Massachusetts Medical Society.

N ENGL J MED 352;5 WWW.NEJM.ORG FEBRUARY 3, 2005

Downloaded from www.nejm.org at Stanford University on September 14, 2005 .
Copyright © 2005 Massachusetts Medical Society. All rights reserved.

475



