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Context: Staphylococcus aureus is spread via direct contact
with persons and indirect contact via environmental surfaces
such as weight benches. Athletes participating in direct-contact
sports have an increased risk of acquiring S aureus infections.

Objective: To determine (1) potential environmental reser-
voirs of S aureus in football and wrestling locker rooms and
weight rooms, (2) environmental bacterial status after employing
more stringent cleaning methods, (3) differences in colonization
rates between athletes and nonathletes, (4) exposed body
locations where Staphylococcus was recovered more frequent-
ly, and (5) personal hygiene practices of athletes and
nonathletes.

Design: Cross-sectional study.
Setting: Locker room and strengthening and conditioning

facilities at a National Collegiate Athletic Association Division II
university.

Patients or Other Participants: Collegiate football players
and wrestlers, with nonathlete campus residents serving as the
control group.

Intervention(s): Infection control methods, education of the
custodial staff, and education of the athletes regarding the
Centers for Disease Control and Prevention guidelines for
infection prevention.

Main Outcome Measure(s): Cultures were taken from the
participants’ noses, fingertips, knuckles, forearms, and shoes
and from the environment.

Results: Before the intervention, from the 108 environmental
samples taken from the football locker room and weight room, 26
(24%) contained methicillin-susceptible S aureus (MSSA) and 33
(31%) contained methicillin-resistant S aureus (MRSA). From the
39 environmental samples taken from the wrestling locker room
and pit areas, 1 (3%) contained MSSA and 4 (10%) contained
MRSA. The MRSA rates were different between the 2 locations
according to a x2 test (P 5 .01). Seven MRSA isolates were
recovered from football players and 1 from a wrestler; no MRSA
isolates were recovered from the control group. The fingertip
location of S aureus recovery from football players was significant
when compared with both other locations in football players and
fingertips in wrestlers and the control group (P , .05). Football
players and wrestlers shared more personal items than the control
group (P , .05). After the intervention, the football locker room
and weight room samples were negative for S aureus.

Conclusions: Intact strengthening and conditioning equip-
ment, proper hygiene, and proper disinfection methods lowered
both environmental and human S aureus recovery at 1 university.
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Key Points

N Methicillin-resistant Staphylococcus aureus (MRSA) was recovered from more football players than wrestlers.
N Recovery of MRSA from football players’ fingertips was greater than from other locations, and football players and

wrestlers shared more personal items than the control group.
N Education of the custodial staff regarding appropriate disinfection procedures and of the athletes regarding infection-

control measures reduced the amount of Staphylococcus in the athletic environment.

S
taphylococcus aureus infections in athletic teams
have steadily increased over time.1–4 Risk factors for
athletes acquiring Staphylococcus infections include

frequent antibiotic use; lack of personal hygiene; exposure
to football turf1; direct skin contact5; taking steam baths6;
and sharing bars of soap, soap dispensers,2 and towels.7

Borchardt et al8 linked weight-room fomites to Staphylo-
coccus transmission. Previous authors2,3,5,6 have concen-
trated on Staphylococcus recovery from the external nares,
axillae, or groin, but studies of other body parts serving as
reservoirs for Staphylococcus are lacking.

The goals of this study were to determine the following:
(1) potential environmental reservoirs of S aureus in
football and wrestling locker rooms and weight rooms at
1 university, (2) environmental bacterial status after

employing more stringent cleaning methods, (3) differences
in colonization rates between athletes and nonathletes, (4)
locations on the human body where S aureus would be
recovered more frequently, and (5) personal hygiene
practices of athletes and nonathletes.

METHODS

An athletic trainer at a National Collegiate Athletic
Association Division II school with approximately 11 000
students noted an increase from 9 diagnosed S aureus
infections the previous year to 19 infections during the
studied year in a collegiate football team. The year the
study was conducted, the football team played in 6 away
games. The wrestling team had 9 diagnosed cases in both
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years. A commercially supplied disinfectant was used in all
areas of the football locker and weight rooms, so the first
step was to evaluate its effectiveness. The disinfectant,
which was diluted by the custodial staff, was tested against
a laboratory strain of methicillin-susceptible S aureus
(MSSA; ATCC 25923) and did not inhibit the bacteria as
stated by the manufacturer. The diluted disinfectant had
been allowed to remain in the clear jug (which held
approximately 3500 mL) until all of it was used, often
longer than a month. Thus, determining environmental
and human Staphylococcus reservoirs and providing proper
disinfectant dilution and storage education was needed.

Participants

The research protocols were approved by the institu-
tional review board, and all volunteers signed informed
consent forms before the study began. Because Staphylo-
coccus is acquired via direct contact, we investigated its
recovery from fingertips, knuckles, and forearms in
addition to traditional testing of the inside of the external
nares. Furthermore, shoe soles can transfer bacteria to
wrestling-mat surfaces and locker-room floors, with which
athletes have contact during matches and other activities.

Based upon the number of infections reported and the
frequent direct contact with others, we tested 70 football
players (99% of the team players) and 25 wrestlers (100%
of the team athletes). Participants testing positive were
retested 2 months later, after new disinfection methods had
been implemented. The control group consisted of 50 on-
campus nonathletes: 23 men and 27 women. Although the
athletes were all male, we did not control for sex in the
nonathlete group because most of the men approached
were already part of the athletic group or were in another
sport. Recruitment for the control group occurred at 4
large dormitories and lunch areas on campus.

Each athlete answered a survey asking about team
position, previous diagnosis with Staphylococcus, personal
items players shared, and hand-washing habits. The survey
administered to the control group asked about involvement
with any person in collegiate athletics, previous participa-
tion in high school athletics, personal items shared, and
hand-washing habits. After the season, the 70 football
players took a second survey, so that we could see if they
had learned anything about infection control during that
time. We did not resurvey the wrestlers because their
season had ended, and the coach had previously addressed
infection-prevention methods with them.

Environmental Sampling

Sterile, cotton-tipped applicators were used to take 108
initial environmental samples from the football locker
room and weight room and 39 samples from the wrestling
locker room and pit areas. The wrestling team’s lockers,
weight room, and practice areas were located in a single
building across campus from the football team. However,
the football locker room was located in a different building
from the football weight room and was not shared with
other students. The football weight room was shared with
the cross-country and track teams.

Samples were then plated onto microbiologic media and
tested for the presence of methicillin-resistant S aureus
(MRSA) as described below. Staphylococcus aureus was

found on a swab taken from the blower unit, which was
part of the heating and air-conditioning system, so we
placed 5 environmental exposure plates throughout the
football weight room, with lids removed, for 1 hour when
no one was using the room. The exposure plates would
grow Staphylococcus distributed throughout the room by
the air-handling unit. Positive and negative controls (blind
samples to the microbiologist) were taken and tested in
addition to the samples listed above.

Infection-control methods in the weight room included
replacing the torn vinyl on the weight benches and
replacing the foam flooring with nonabsorbent flooring.
In the football locker room, floor and bench carpeting was
removed. Water bottles were bleached and no longer
shared among football players during practice or games.
Instead, an assistant squirted water into the players’
mouths, or players drank from a hands-free hose system.

Another control method employed was educating the
custodial staff on proper SaniMaster 4 (Ecolab, Incorpo-
rated, St Paul, MN) disinfectant concentrations, disinfect-
ing frequency, and disinfecting techniques, such as
mopping and spraying equipment, shower stalls, and
floors. The working solution of disinfectant was also
prepared more frequently to protect its efficacy. When
tested, the disinfectant inhibited growth of the laboratory
strain of S aureus.

After proper disinfection measures were implemented, we
tested 32 samples from the football locker and weight rooms,
including the flooring, the lockers, the door handles, and all
benches, to ensure that the new methods were controlling
bacterial levels. Because no new Staphylococcus infections
had been diagnosed, we did not retest every item. Disinfected
wrestling mats tested negative. We did not retest the weight
locker rooms because (1) the season was over by that time
and the rooms were not being disinfected any longer, (2)
other groups were then using the locker rooms, and (3) the
wrestling team’s incidence of Staphylococcus infections was
less than that of the football team.

Staphylococcus Testing

Using sterile swabs (product 4140; Copan Diagnostics,
Inc, Corona, CA), we collected bacterial samples from the
nares, knuckles, forearms, and shoes of 70 football players,
25 wrestlers, and 50 control students. To ensure complete
and representative bacterial counts, each external naris was
swabbed, and the fingertips (the entire fat pad from the
first phalange) of at least 4 fingers of the dominant hand
were directly pressed onto the agar surface of petri dishes
selective for growing Staphylococcus. Three middle knuck-
les on the dominant hand were swabbed over their entire
lengths and were tested. Areas of approximately 4 3 2 in
(10 3 5 cm) on the supinated side of 1 forearm and 3 in
(8 cm) on 1 shoe sole were also swabbed. We chose to test
the middle knuckles because they are more likely to contact
another person or athletic equipment than the other
knuckles. Given that weights are frequently lifted onto or
using the forearms and the forearms are exposed during
practice, we wanted to determine the frequency of
Staphylococcus recovery from those areas. The forearm
and shoe the participant presented to us were swabbed, so
most samples (but not necessarily all) were from the
dominant side.
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Swabs (and fingertips) were directly plated onto an
oxacillin-resistance screening agar base (agar, product
OXCM1008B; antibiotic supplement, product
OXSR0195E; Oxoid Limited, Basingstoke, United King-
dom) because of its selectivity for Staphylococcus.9 Plates
were incubated at 356C for 24 to 48 hours. Mannitol
fermentation yielded dark blue colonies resistant to
oxacillin, allowing for differentiation between probable S
aureus and other bacterial colonies, which appeared white.
The number of blue colonies was recorded as a quantitative
measure of an individual’s MRSA colonization.

Isolates were tested for the production of the coagulase
enzyme (product Z202; Hardy Diagnostics, Santa Maria,
CA) via the tube method, which indicates S aureus and
separates it from the commonly isolated Staphylococcus
epidermidis. The MRSA was confirmed using the US Food
and Drug Administration–approved penicillin binding
protein 2a (PBP2a) latex agglutination test (product
DR0900A; Oxoid Limited), which tests for the presence
of the mecA gene. The mecA gene confers resistance to b-
lactam antibiotics such as penicillin and methicillin.

Dark blue isolates testing positive for the PBP2a test
were then subcultured onto Mueller Hinton plates that we
made. A zone of inhibition (no bacterial growth) was
measured to determine susceptibilities to commonly

prescribed antibiotics for Staphylococcus infections: clin-
damycin, vancomycin, gentamicin, tetracycline, trimetho-
prim/sulfamethoxazole, rifampin, and nitrofurantoin.

Statistical Analysis

Statistical analysis was performed using a x2 contingency
test (P , .05) to determine recovery rate significance of
environmental and human sampling, as well as the
significance of sharing personal items.

RESULTS

Participants

Two people (1 man, 1 woman; 4%) in the control group
tested positive for S aureus, 1 each for the shoe and
fingertip. Neither isolate was identified as MRSA. We used
the same criteria public health agencies use: for an
individual to be considered a carrier for Staphylococcus, a
nasal sample must test positive. The locations from which
Staphylococcus was recovered in the football, wrestling,
and control groups are shown in Figure 1.

Of the 70 football players, 33 individuals (47%) tested
positive for Staphylococcus at 1 location, and 15 players
(21%) tested positive at multiple locations. Staphylococcus

Figure 1. Comparison of Staphylococcus aureus recovery from body locations of the football players, wrestlers, and control group.
Recovery locations in football players were different from those of wrestlers and the control group, and recovery from the fingertip location
in football players was greater than that from other locations in football players (P , .05).
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aureus was recovered from the nares in 9, from the
fingertips in 30, from the knuckles in 2, from the forearm
in 1, and from the shoes in 7 (Table 1). Seven athletes
(10%) harbored MRSA: 3 in the nares and 4 on the
fingertips. Based on the antibiotic susceptibilities shown in
Table 2, we recovered 2 strains: 1 susceptible to tetracy-
cline, sulfamethoxazole/trimethoprim, and rifampin, and 1
resistant to all 7 antibiotics. Of the 25 wrestlers, 16 (64%)

tested positive for Staphylococcus: from the nares in 2,
from the fingertips in 8, from the knuckle in 1, from the
forearm in 1, and from the shoes in 8. Three people (12%)
tested positive in 2 locations each. In 1 person (4%),
MRSA was found on the fingertips and tested susceptible
to tetracycline, rifampin, and nitrofurantoin.

A x2 contingency test revealed that the human locations
(eg, nares, fingertips, shoes) of recovered Staphylococcus

Table 1. Sampled Human Locations That Tested Positive for Staphylococcus aureusa

Team Sample No.

Swabbed Location
Coagulase

Test

Latex

Test Identity

Team

PositionNasal Fingertips Knuckle Forearm Shoe

Football 801102 TNTC

801105 10 2 + DE

801106 150 1 + + MRSA WR

801107 1 1

801113 6

801114 4

801115 20 1

801116 1

801117 4

801120 TNTC 1

801121 1

801122 10

801123 1

801124 4

801125 1

801128 7

801130 2

801134 1

801135 1

801137 TNTC + + MRSA TE

801145 2 2 1

801146 2 + + MRSA QB

801151 1

801160 1

801163 4 + + MRSA WR

801164 2 1

801165 4

801166 4 1 + + MRSA WR

801167 25 + + MRSA OL

801168 2 1

801170 1 1 1

801173 5 2

801174 2 4 1 + + MRSA OL

801175 1

801176 1

Wrestling 801182 8 22 2 +
801183 3 2 +
801184 2 2 +
801185 1 2 +
801186 1 3 2 +
801187 2 2 +
801193 1 2 +
801195 1 2 2 +
801196 9 2 +
801197 2 2 +
801198 2 1 2 +
801201 1 2 +
801202 1 2 +
801204 2 2 +
801205 2 2 +
801206 4 + ++ MRSA

Abbreviations: DE, defensive end; MRSA, methicillin-resistant S aureus; OL, offensive lineman; QB, quarterback; TE, tight end; TNTC, too

numerous to count; WR, wide receiver.

a Bold indicates the number of colonies recovered on an agar plate that were identified as MRSA.
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were significant in potential transmission among football
players (P , .05) but not among wrestlers. The frequency
of Staphylococcus recovery was not different between the
teams, but the frequency was different between both teams
and the control group (P , .05). Thus, Staphylococcus was
recovered more frequently from the athletes than from the
control group.

Geographically, the lockers of carriers, athletes with a
diagnosed Staphylococcus infection, and athletes who were
both carriers and had infections are shown in Figure 2. The
center and center-left lockers appeared to be associated with
more Staphylococcus than the lockers on the right side of the
room, although statistical analysis did not show a difference.

In the survey of shared personal items, 12 of the control
group (24%), 10 of the football players (14%), and 6 of the
wrestlers (24%) indicated that they had not shared any of
the listed items in the past year. The football players shared
water bottles more frequently; the wrestlers shared more
towels, soap, and deodorant; and the control group shared
more clothes (Figure 3). A x2 contingency tested revealed a
difference between the athletes and the control group for
sharing water bottles, towels, soap, deodorant, and clothes
(P , .05). No differences were seen in the sharing of
sweatbands, sponges, flip-flops, or backscratchers. All
football players and wrestlers received education on
covering wounds, not sharing personal items, and proper
hand washing, based on the recommendations of the
Centers for Disease Control and Prevention.10 We did not
find any association between carrier status or infection and
reported hand-washing habits.

Environment

Of the 108 environmental samples taken from the
football locker and weight rooms, 26 (24%) were positive
for MSSA and 33 (31%) were positive for MRSA. Of the
39 environmental samples taken from the wrestling locker
room and pit areas, 1 (3%) was positive for MSSA and 4
(10%) were positive for MRSA. The locations from which
MRSA was initially isolated are shown in Table 3. A x2

contingency test showed a difference in MRSA rates
between the teams (P 5 .01). Initial MRSA-positive
environmental results were seen on the torn vinyl of weight
benches and the chalk trays in the weight room, the hand
dryer used for equipment, and several locker handles in the
locker room. The carpet on the locker room floor and the
carpet covering both teams’ locker-room benches also
tested positive for Staphylococcus in several locations, as
did the foam flooring. The water bottles used during
practices and games also tested positive. The environmen-
tal exposure plates were all negative, suggesting that
Staphylococcus was not being blown through the room
by the air-handling unit. The clothes washers and dryers
and clean clothes also tested negative, indicating that
laundering was not a source of bacteria.

Once the proper disinfectant concentration was prepared
and the frequency of disinfection was increased from once
per day to 3 times per day (before and after practices and
scheduled weight training), football areas previously testing
positive retested negative. The shoe and ankle braces were
not tested (these items were no longer stored in the
lockers), and the water bottles were not retested because
they were no longer being handled by players.T
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DISCUSSION

Participants’ Sampling

Transmission of S aureus is primarily through direct
contact; other means of transmission are thought to be via
sharing equipment,11 dust,12 and aerosols.13 The Centers
for Disease Control and Prevention10 estimates that 25% to
30% of the general population harbors S aureus and 1%
harbors MRSA. Our results showed a 6% S aureus rate in
our control group, a 47% rate in football players, and a

64% rate in wrestlers. In addition, the locations from which
the bacteria were recovered in football players were
significant, but these locations were not significant in
wrestlers. Perhaps the high rate in the wrestlers can be
attributed to the types of physical activity required of and
the types of uniforms worn by the athletes. Wrestlers have
direct upper and lower body contact because the uniforms
are basically tank tops with shorts, whereas football
players have short-sleeved tops and pants that extend to
the knee. This difference in uniforms could explain why
location was not significant in wrestlers: the majority of

Figure 2. The football locker room layout showing geographic locations of carriers (ie, those with positive nasal swabs) in bold print.
a Designates individuals with a reported infection; b designates individuals who both tested positive as carriers and were diagnosed with
Staphylococcus infection. The locker numbers have been changed to protect human subjects.

Figure 3. Personal items shared within the groups of football players, wrestlers, and control. Sharing differed between the athletes and the
control group (P , .05).
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their body is subject to direct body contact. The S aureus
rate was higher in wrestlers, but the MRSA rate was 0% in
the control group, 4% in wrestlers, and 10% in football
players. One possible explanation is that the wrestling
coach had been educating his players for the past several
years regarding proper hygiene, whereas the football team
had not received education before this investigation.

Because nares, fingertips, and shoes were the main
locations from which we recovered Staphylococcus, educa-
tion appears to be a key to preventing infections. With the
nares and fingertips harboring S aureus more often than
other sites, the potential for Staphylococcus epidemics
exists. Our overall culturing results were consistent with
those of Beam and Buckley,11 Kazakova et al,4 Kirkland
and Adams,14 and Romano et al.15

One group2 identified linemen and cornerbacks as
having the highest risk among football players of acquiring
Staphylococcus. In our study, 2 wide receivers, 1 tight end,
1 quarterback, and 2 offensive linemen harbored Staphy-
lococcus. However, we were unable to determine if the
bacteria recovered from the fingertips were resident or
transient flora because of the frequent contact with other
surfaces, and our study did not span several years.

All S aureus isolates recovered from athletes in our study
were resistant to clindamycin, which is often the drug of

choice for soft tissue infections. Trimethoprim/sulfameth-
oxazole is another drug of choice for soft tissue infec-
tions,16 but half of the isolates we recovered were resistant
to it. If the bacteria are resistant to the administered
antibiotic, the result may be septicemia; therefore, the
clinician should be careful to select an antibiotic to which
the infection is susceptible.

Environmental Sampling

Overall, MRSA was recovered from the locker rooms
and weight rooms of both the football and wrestling teams
at 1 university. Education in the proper dilution concen-
tration of the disinfectant and increased frequency of use,
in combination with carpet removal and the replacement of
torn vinyl weight benches, lowered the Staphylococcus
recovery rate to below detectable levels. This intervention
helped to alleviate a continual source of potential infection
by Staphylococcus.

The survey regarding personal hygiene habits provided
an indication of potential ways Staphylococcus was being
transmitted among players. Football players responded
favorably to the infection-prevention education. A follow-
up survey containing the same questions yielded 22
individuals reporting not sharing items, as compared with
the initial 10. However, just because an individual reported
that he was not sharing items does not mean he truly
modified his behavior over the long term. The same 70
individuals filled out both the preintervention and post-
intervention surveys, so a direct comparison could be
made.

Limitations

Limitations of this study include results from only a
single university and the number of students willing to
participate in a control group. In addition, the survey
answers can only be taken at face value and do not indicate
if an individual truly has modified sharing behaviors.

In conclusion, persons involved with athletics need to
be aware of potential sources of Staphylococcus, how to
prevent infections, and means of disinfection. In our
study, we were able to educate athletes and implement
appropriate disinfection practices to lower environmental
Staphylococcus to below detectable limits. We were also
able to see a correlation between body site of Staphy-
lococcus recovery and Staphylococcus rates, thus provid-
ing a limited insight into transmission epidemiology,
which we hope will be investigated and further elucidat-
ed in the future.
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