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Abstract: The spread of methicillin-resistant Staphylococcus aureus (MRSA) in community
settings, including fitness/exercise centers, remains relevant for public health. MRSA,
a cause of severe infections in some, can be transmitted through shared equipment and
skin contact. Understanding its prevalence and the frequency of antibiotic resistance in
such environments can be useful for informing hygiene and intervention strategies. For
investigating, multiple environmental swabs were collected from 14 different sites within a
fitness facility, including equipment and locker rooms. Samples were collected for character-
izing the prevalence of staphylococci (including MRSA), E. coli, and carbapenem-resistant
Enterobacterales (CRE). Isolated colonies were identified biochemically and evaluated
for antibiotic resistance. Logistic regression was applied to assess risk across different
surfaces. Among 42 samples, the highest prevalence of Staphylococcus spp. was on locker
room surfaces. S. aureus was prevalent on locker room floors and benches. Non-S. aureus
species, such as S. saprophyticus and S. haemolyticus, were common. Resistance to oxacillin
and penicillin was widespread, particularly among non-S. aureus species. E. coli was de-
tected once, and CRE was not detected. Fitness center surfaces can harbor staphylococci,
including MRSA. The results obtained corroborate other studies finding notable antibi-
otic resistance among staphylococci from fitness center surfaces. Hygiene improvements,
including personal hygiene actions, are essential for reducing transmission risks.

Keywords: methicillin-resistant Staphylococcus aureus; antibiotic resistance; antimicrobial
resistance; Staphylococcus saprophyticus; Staphylococcus haemolyticus; contamination; fitness
center; multidrug resistance; E. coli; oxacillin

1. Introduction
Surveillance of methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-

susceptible S. aureus (MSSA) remains essential for understanding the spread and persis-
tence of these bacteria, particularly in and from community settings. The public health
significance of S. aureus is considerable. In 2017, there were an estimated 119,247 S. aureus
bloodstream infections and 19,832 related deaths in the U.S. alone [1]. Surveillance data
are crucial for guiding public health interventions, including improvements in hygiene
practices and antibiotic stewardship, both of which help reduce infections and enhance the
effectiveness of antibiotics. The U.S. has made notable progress in reducing hospital-onset
MRSA bloodstream infections from 2005 to 2012, with a 17.1% annual decline, although the
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rate of decline has slowed in recent years [1]. Of greater concern is the relatively slower
decline in community-associated MRSA infections, which decreased by just 6.9% annu-
ally from 2005 to 2016 [1], highlighting the importance of community settings in MRSA
transmission and colonization, while also illustrating the need for targeted interventions in
these environments.

Fitness environments, especially those enabling shared physical contact, such as gyms
and athletic facilities, may play a significant role in MRSA transmission. Studies have
shown that athletes are at high risk of both S. aureus colonization and infection, with MRSA
responsible for a third of infectious outbreaks recorded among high school and collegiate
athletes [2]. The prevalence of MRSA infections in National Football League (NFL) players
is about 400 times higher than in the general population [3]. While many individuals who
carry S. aureus, including MRSA, remain asymptomatic, this colonization presents a public
health risk, as carriers can unknowingly transmit the bacteria to fomite surfaces, such as
gym equipment and mats [4]. This is further complicated by the fact that fitness center
equipment is shared among multiple users, thereby enabling numerous opportunities for
bacterial transmission, especially if proper hygiene practices are not followed.

The prevalence of MRSA and S. aureus in the general population remains significant. A
study from the National Health and Nutrition Examination Survey (NHANES) found that
28.6% of the U.S. population carries S. aureus, with 1.5% carrying MRSA [5]. Among MRSA
carriers, approximately 20% harbor a community-acquired strain [5]. More recent global
data suggest that the prevalence of S. aureus and MRSA carriage is high in young children,
with carriage rates of 25.1% for S. aureus and 3.4% for MRSA [6]. Additionally, healthcare
workers remain a high-risk group, with MRSA carriage reported in 6.9% of nursing staff
in Europe and the U.S. [7]. These findings underscore the relevance of fitness centers as
potential sources of MRSA transmission, given the overlap between populations of gym
users, healthcare workers, and athletes, all of whom are more likely to carry the bacteria.

Research on the role of fitness equipment and gym surfaces in harboring S. aureus has
yielded mixed results. For example, a study conducted by Ryan et al. (2011) in Florida
found no MRSA or MSSA on gym surfaces before or after cleaning in three local gyms,
suggesting that gym equipment might not always act as a significant reservoir for S. au-
reus [8]. However, the Florida study did not perform an enrichment or recovery step for
the collected samples, and other studies have indicated that shared gym surfaces, such
as weights, bars, and mats, can indeed harbor S. aureus, all of which could contribute to
transmission when users engage in skin-to-contaminated surface contact or fail to use best
hygienic practices [9]. Beyond S. aureus, there is also increased awareness of the importance
of non-aureus staphylococci (NAS). Among these NAS are other coagulase-positive staphy-
lococci (CoPS), such as S. intermedius, and all coagulase-negative staphylococci (CoNS).
These staphylococci add another layer of complexity to the surveillance of S. aureus in
fitness settings. Historically, an infection caused by CoPS was presumed to be S. aureus, the
most clinically significant member, which ultimately made CoPS diagnoses more relevant.
While S. aureus identification has improved by differentiating it from other CoPS, NAS,
including all the CoNS (S. epidermidis, S. saprophyticus, S. haemolyticus, among others), have
also been observed in healthcare and agricultural environments, where they can acquire
and share resistance genes to any staphylococci through horizontal gene transfer [10]. While
these species are less clinically significant than S. aureus, they are capable of nosocomial
and opportunistic infections, and more importantly for this study, are capable of harboring
antimicrobial resistance (AMR) genes that may be transferred to more pathogenic species,
which could be exacerbating the spread of resistance from fitness environments [11]. The
role of NAS, including CoNS, in fitness settings is underexplored, and their ability to form
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biofilms and transfer AMR genes in many environments makes them a growing concern
for public health.

In addition to MRSA and MSSA, fitness centers may also harbor other antibiotic-
resistant pathogens. A study by Zhang et al. (2023) found that gym equipment surfaces
can host multidrug-resistant pathogens, such as Staphylococcus haemolyticus, which is ca-
pable of harboring resistance genes. Their results also suggested that resistance genes,
including sul1 and blaTEM, were abundant on indoor gym equipment surfaces relative to
outdoor equipment, indicating that indoor fitness environments may act as hotspots for
the dissemination of antimicrobial resistance genes [12].

Given the potential for fitness centers to serve as transmission vectors for MRSA
and other resistant pathogens or resistance genes, further surveillance and intervention
strategies may be necessary. While some studies have shown that gym surfaces may
not always be significant reservoirs for S. aureus, the risk of transmission through shared
equipment and physical contact remains high. The increasing prevalence of NAS and their
role in transferring resistance genes further complicates the issue. Therefore, understanding
the diversity of staphylococci species and their resistance profiles in fitness environments is
crucial for informing effective hygiene practices and antibiotic stewardship interventions.

In this study, we aimed to investigate the prevalence of MRSA and fecal indicator
bacteria in a fitness facility in Central Kentucky, primarily frequented by young adults
but open to individuals of all ages. We hypothesized that skin contact surfaces, locker
rooms, and floor areas would yield the highest prevalence of MRSA. By identifying and
characterizing the bacterial species present, along with their antibiotic resistance profiles,
this study seeks to contribute valuable insights into the microbial risks in fitness centers
and guide future interventions to reduce the spread of MRSA, other resistant pathogens,
and the transfer of antibiotic resistance genes among bacterial species.

2. Materials and Methods
2.1. Study Location and Description

All environmental swabs were collected from within the exercise/fitness facility on
18 March 2022. The large (12,000 m2) modern facility was constructed within the last
10 years and is in Central Kentucky, USA. The facility was designed purposely for exercise,
fitness, and recreation, with features including a large selection of free weights, nautilus
equipment, exercise bikes, treadmills, dance studio, swimming pool, whirlpool, several
full-size basketball and racquetball courts, game room, locker rooms, saunas, and more.

Users of the facility are mostly young adults (18 to 34); however, the facility also
attracts and welcomes older adults, teenagers, and older children. In the week leading up
to the testing, there was an estimated 950 unique users, with an estimated 525 (55%) female
users and 425 (45%) male users. In the areas of the facility where persons workout (e.g.,
flat benches, nautilus equipment, free weights, exercise bikes, etc.), there are conspicuously
placed bins for dispensing disinfecting (quaternary ammonium) wipes for use before and
after using equipment. There are no wipes in the locker room facility and no study was
performed on the prevalence of wipe use during the study.

2.2. Sample Collection and Culture-Based Methods

For assessing the prevalence of S. aureus, MRSA, E. coli, and carbapenem-resistant
Enterobacteriales (CRE), a cross-sectional study was performed. All samples were collected
during the regular hours of the facility just prior to regular closing time. Permission to
collect samples from the facility was granted in advance by the facility management. A total
of 42 samples were collected from 14 sites or items in the venue, with a focus on surfaces
and crevices of exercise equipment and machines, including a yoga mat, sit-up bench,
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leg extension nautilus machine, abdominal nautilus machine, leg press, and incline press
bench, as well as spaces in locker room areas of both men’s and women’s areas including
floors near benches, wooden seating benches, floor tiles of showers, and the men’s and
women’s shower benches within individual shower stalls.

Samples for the potential recovery of staphylococci, including MRSA, and CRE were
collected using saline-wetted cotton-tipped swabs. E. coli samples were obtained using
EnviroSwab™ sponges on a stick, premoistened with neutralizing buffer at similar locations.
For Staphylococcus spp. and CRE testing, at least three saline-wetted swabs were obtained
per location or item before sanitation occurred, and the swabs were then placed into
appropriate selective enrichment media. Tryptic soy broth (TSB) with 6.5% saline was used
for Staphylococcus spp. and CRE, whereas Coliglow media [13] was used for E. coli. The
swabs and sponges were placed in the broth tubes and incubated for 24 h at 35 ◦C for
Staphylococcus spp. and at 44 ◦C for E. coli. All tubes were labeled before collecting the
samples at the facility.

Following incubation in selective enrichment broth, sterile loops were used to sub-
culture samples onto selective-differential plates for the presumptive identification of
S. aureus, MRSA, CRE, and E. coli using Baird-Parker agar, HardyCHROM MRSA/SA bi-
plates, HardyCHROM CRE agar, and modified m-TEC agar, respectively. Plates were then
incubated for 24 h at 35 ◦C. The presence/absence of growth on each plate was recorded
after incubation, and for plates with growth, the colony color and morphology were doc-
umented. For determining growth on Baird-Parker plates, black-to-gray colonies were
indicative of growth. For HardyCHROM MRSA/SA biplates, pink-to-magenta colonies
were presumed MRSA, and other colonies (e.g., blue, white, etc.) were presumed to be
other staphylococci or Gram-positive cocci. Pink and magenta colonies on the modified
m-TEC agar were deemed to be E. coli [14].

Negative and positive controls were used for Baird-Parker agar, HardyCHROM
MRSA/S. aureus biplates, and modified mTEC agar. The negative controls evaluated
the process at the time of sampling in which three tubes of TSB with 6.5% saline were
opened in the facility and the cotton swabs were wetted with the saline water. Without
streaking a surface, the negative control swabs, exposed to air only, were placed in the
TSB with 6.5% saline for evaluating any potential growth in enrichment media. Three
nasal swabs of the investigators were used to assess positive growth in TSB with 6.5%
saline. After incubation, like the environmental swabs of interest, the Baird-Parker and
HardyCHROM MRSA/S. aureus biPlates were inoculated and evaluated for any growth.
No growth was the anticipated outcome of the negative controls. Positive growth from the
nasal swabs was growth on these plates. For negative controls evaluating E. coli growth, a
similar approach was used with the EnviroSwab being opened, exposed to air, and placed
in the ColiGlow media for incubation. A positive control involved using the EnviroSwab
and touching a previously collected E. coli colony on an existing modified m-TEC agar
from surface water environmental sampling. The positive Enviroswab was then placed in
ColiGlow media, incubated, and deemed positive upon fluorescing in the tube and having
magenta colonies when plated on modified m-TEC agar. No positive control was used for
assessing CRE growth.

2.3. Staphylococci Species Identification and Antibiotic Susceptibility Testing

Among the colonies growing on HardyCHROM MRSA/SA biplates (Hardy Diagnos-
tics, Santa Maria, CA, USA), randomly selected isolated colonies were further evaluated
for species identification and antibiotic susceptibility testing (AST) by inoculating Positive
Combo 44 (PC-44) MicroScan Panels (Beckman-Coulter, Pasadena, CA, USA [15]) and
reading the panels on the MicroScan® autoScan-4 system with LabPro v4.42. Specifically,
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isolates from HardyCHROM MRSA/SA plates were inoculated on blood agar and incu-
bated for 18 h. Then, plates were evaluated for hemolysis and colonies were inoculated
into the PC-44 panels following the manufacturer’s recommendations. Each panel ana-
lyzed using the MicroScan autoScan-4 system provides the presumed species identification
from the biochemical results, and the minimum inhibitory concentration to the various
antibiotics and antibiotic combinations.

Upon receiving the results of each panel analyzed by the MicroScan autoScan-4 sys-
tem, the minimum inhibitory concentrations (MICs) were evaluated with respect to the MIC
breakpoints recommended by the Clinical and Laboratory Standards Institute (CLSI). The
CLSI-determined MIC breakpoints as viewable in their 2023 MIC breakpoint table [16] corre-
spond to their published MIC breakpoints [17]. The focus of our analysis was resistance (≥R)
to various antibiotics, which was assessed for S. aureus and other Staphylococcus species.

2.4. Data Analysis

For assessing the potential risk of exposure to S. aureus and other resistant bacteria and
to understand potential hygiene-related interventions, the prevalence of bacterial growth
was investigated by location and agar. Specifically, results were analyzed by comparing
the overall number of positive results across different agar types and the sample collection
locations/items. Categorical assessments were also performed by coding results to enable
larger comparison groups, such as “locker room”, which included all results from men’s
and women’s locker rooms, including the floors, locker room changing area benches,
shower benches, and shower floors. Detailed information on sampling locations within the
facility and the categorical placement of sample types into one or more categories can be
visualized in the Supplementary Material (Table S1). Based upon the categorical groupings,
simple logistic regression analyses were performed in Stata 15 to provide odds ratios and
Wald (χ2) test p-values to assist in informing risk assessments relative to the areas sampled.

For characterizing the bacterial isolates with respect to their antibiotic resistance levels,
the frequency of resistance to a variety of antibiotics was determined between isolate types.
While primarily a quantitative analysis, some qualitative assessment was also performed for
informing future studies or research. Specifically, the study describes the species identified
and describes the locations in which species were observed.

3. Results
Overall, samples were collected from 14 unique sampling locations within the fa-

cility. At each location, three swabs were collected and placed in three individual tubes
of TSB + 6.5% saline, totaling forty-two samples for plating and analysis on Baird-Parker,
HardyCHROM MRSA/SA biplates, and HardyCHROM CRE agars. Similarly, 42 Envi-
roSwabs™ were used and placed in ColiGlow media. Negative and positive control swabs
were placed in each and achieved appropriate negative and positive growth. The results of
the sampling effort are organized around the types of surfaces that were tested.

3.1. Positive Detections for Staphylococcus spp. and E. coli on Sampled Surfaces

Among the locations and surfaces within the fitness center that were evaluated, the
results in Table 1 illustrate that growth among different media types was greatest on the
Baird-Parker agar, indicating a high prevalence of presumably several different Staphylo-
coccus spp., including S. aureus. All 24 samples from the locker rooms were positive for
growth on Baird-Parker, and nearly all (39 (92%) of 42) samples collected were positive for
growth on Baird Parker agar.
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Table 1. Frequency of positive (+) swab tests (with percentages) among the number of isolates
assessed from various categorizations of sampled surfaces organized by culture media type in the
exercise center in March 2022.

Baird-Parker
Media+

HardyChrom MRSA Agar
E. coli+ CRE+

Types of Surfaces Pink+ Blue+ White+

Locker Room 24/24 (100) 10/24 (42) 20/24 (83) 17/24 (71) 1/24 (4) 0/24 (0)

Shower Area 12/12 (100) 2/12 (17) 10/12 (83) 9/12 (75) 0/12 (0) 0/12 (0)

Locker/Shower Floor 12/12 (100) 5/12 (42) 11/12 (92) 7/12 (58) 0/12 (0) 0/12 (0)

Leg Contact Area 5/6 (83) 1/6 (17) 3/6 (50) 3/6 (50) 0/6 (0) 0/6 (0)

Flat Surfaces 21/24 (88) 7/24 (29) 17/24 (71) 14/24 (58) 0/24 (0) 0/24 (0)

Locker Benches 12/12 (100) 3/6 (50) 9/12 (75) 10/12 (83) 1/12 (8) 0/12 (0)

Men’s Locker Room 12/12 (100) 6/12 (50) 10/12 (83) 8/12 (67) 0/12 (0) 0/12 (0)

Women’s Locker Room 12/12 (100) 4/12 (33) 10/12 (83) 9/12 (75) 1/12 (8) 0/12 (0)

Crevice Surfaces 2/3 (67) 0/3 (0) 1/3 (33) 1/3 (33) 0/3 (0) 0/3 (0)

Flat Surfaces 21/24 (88) 7/24 (29) 17/24 (71) 14/24 (58) 1/24 (4) 0/24 (0)

Handle Surfaces 2/3 (67) 1/3 (33) 1/3 (33) 0/3 (0) 0/3 (0) 0/3 (0)

Total Surfaces Tested 37/42 (88) 13/42 (31) 30/42 (71) 22/42 (52) 1/42 (2) 0/42 (0)

Cell colors correspond to the percent prevalence; range includes navy blue (100%), royal blue (80–99%), dark sky
blue (60–79%), sky blue (40–59%), light sky blue (20–39%), very light sky blue (1–19%), and white (0%).

When using more selective media, the HardyChrom MRSA/SA biplate showed a
greater prevalence of blue-colored colonies than pink colonies. Table 1 shows that among
pink and blue Staphylococcus colonies, both were commonly observed in the locker room
areas. The pink colonies, which were typically S. aureus (Table 2), were most abundant in
the locker rooms, particularly on the floors and benches, with positive tests being observed
from 50% and 33% of enriched swab samples from the men’s and women’s locker rooms,
respectively. Outside the locker rooms, there were areas in the fitness center that were also
positive where leg and hand contact occurs, as well as several flat surfaces, from which
pink-colored colonies grew from the swabs obtained. Specifically, among the colonies
confirmed as S. aureus, they were observed on the back support for the leg press, the seat
for the leg press, handles for the leg press, on the floor below locker room benches in men
and women’s bathrooms, and on a bench in a shower area of the women’s locker room
(Supplemental Table S1).

Table 2. Species identification by colony color using the MicroScan autoScan-4 among randomly
selected isolates from the HardyCHROM™ MRSA/SA biplate.

Species (Abbreviation) Total
Color on Chromogenic Media Plate

Blue (%) White (%) Pink (%) Black (%)

S. aureus (SA) 11 1 (9.1) 0 (0) 9 (82.8) 1 (9.1)

S. haemolyticus (SH) 8 1 (12.5) 7 (87.5) 0 (0) 0 (0)

S. saprophyticus (SSap) 7 7 (100) 0 (0) 0 (0) 0 (0)

S. epidermidis (SE) 5 2 (40.0) 1 (20.0) 2 (40.0) 0 (0)

S. cohnii-cohnii (SCC) 3 1 (33.3) 2 (66.7) 0 (0) 0 (0)

S. hominis-homin (SHH) 3 1 (33.3) 2 (66.7) 0 (0) 0 (0)

Aerococcus viridans (AV) 2 0 (0) 1 (50.0) 1 (50.0) 0 (0)

S. simulans (SSim) 2 0 (0) 1 (50.0) 1 (50.0) 0 (0)

S. warneri (SW) 2 0 (0) 1 (50.0) 1 (50.0) 0 (0)

Rare biotype (Unknown) 2 1 (50.0) 1 (50.0) 0 (0) 0 (0)

S. cohnii-urea (SCU) 1 1 (100) 0 (0) 0 (0) 0 (0)

S. intermedius (SI) 1 0 (0) 1 (100) 0 (0) 0 (0)
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Table 2. Cont.

Species (Abbreviation) Total
Color on Chromogenic Media Plate

Blue (%) White (%) Pink (%) Black (%)

S. sciuri (SSci) 1 1 (100) 0 (0) 0 (0) 0 (0)

Sum of Non-S. aureus 37 17 (45.9) 16 (43.2) 3 (8.1) 1 (2.7)

Total (all isolates) 48 18 (37.5) 16 (33.3) 13 (27.1) 1 (2.1)

Cell colors correspond to the percent prevalence; range includes navy blue (100%), royal blue (80–99%), dark sky
blue (60–79%), sky blue (40–59%), light sky blue (20–39%), very light sky blue (1–19%), and white (0%).

In examining the more abundant, blue-colored colonies from the chromogenic agar,
there was greater species diversity with S. saprophyticus being the most common, repre-
senting 7 (41%) of 17 blue colonies. The blue Staphylococcus isolates were most commonly
observed in the locker room samples, in both male and female locker rooms, which had
positive growth from 83% of enriched media swab samples. Additionally, throughout the
facility, including bench surfaces, arm surfaces, and leg contact surfaces, many blue-colored
Staphylococcus spp. were recovered. Specifically, isolates of S. saprophyticus were recovered
from samples on locker room benches and from the shower benches in both the women’s
and men’s locker rooms. S. saprophyticus were also recovered on the incline press, and from
the leg extension nautilus machine where leg contact occurs (Supplemental Table S1).

For understanding other Staphylococcus spp. observed in the study, white colonies
were also evaluated from the HardyChrom biplates. Among white colonies isolated, 7
(44.5%) of 16 samples were S. haemolyticus. In 7 (87.5%) of 8 isolates of S. haemolyticus, they
were white, with 1 being pink. The isolates of S. haemolyticus were primarily recovered from
the men’s and women’s locker rooms, including the changing benches and the women’s
shower bench. In the exercise area, recovery occurred from the leg extension nautilus
equipment, including the leg contact area. Additionally, an isolate was recovered from a
yoga mat sample (Supplemental Table S1).

E. coli, however, was not readily detected. A single sample from a women’s locker room
bench represented the one sample in the study positive for E. coli among 42 swabs. The well-
known group of carbapenem-resistant Enterobacterales (CRE), which are highly resistant
to front line antibiotics, is uncommon in society, outside of agriculture and environmental
water sources, and was not observed in this facility. The lack of recoverable E. coli and CRE
indicate that fecal contamination does not appear to be common in this facility based upon
this single sampling effort.

3.2. Associations Between Surface Types and Likelihood of Recovering Presumable S. aureus and
Non-S. aureus

Logistic regression analysis did not reveal any statistically significant associations
(p < 0.05) between the various location types sampled and the likelihood of recovering
pink-colored colonies from the chromogenic agar used (Table 3). Although not significant,
the location with the greatest likelihood of having pink colonies (presumable S. aureus)
observed was among samples swabbed from the locker room environment. Specifically,
samples from locker rooms had a 3.6 times greater likelihood (OR = 3.6, p = 0.092) of having
a positive detection of a pink colony than non-locker room samples. Interestingly, the
shower areas, which are part of the locker room samples, were estimated to have 60% less
pink colonies observed (OR = 0.4); however, due to the sample size, this difference was not
significant (p = 0.218). Overall, the results in Table 3 illustrate that pink-colored colonies
were observable throughout the facility with a sufficient prevalence in contrasting areas
that resulted in no significant differences being observable.
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Table 3. Crude odds ratios indicating the likelihood of observing a pink-colored colony on the
MRSA/SA biplate, organized by surface type relative to other surface types from this March 2022
recreational/fitness center sampling effort.

Types of Surfaces cOR 95% CI p

Locker Room 3.6 0.81–15.7 0.092
Shower Area 0.4 0.06–1.87 0.218
Locker/Shower Floor 2.0 0.48–8.00 0.346
Leg Contact Area 0.4 0.04–3.82 0.426
Flat Surfaces 0.8 0.22–3.07 0.773
Locker Benches 2.0 0.48–8.00 0.346
Men’s Locker Room 2.0 0.38–10.4 0.410
Flat Surfaces 2.0 0.22–3.07 0.773
Handle Surfaces 1.1 0.09–13.6 0.926

In evaluating blue-colored isolates from the chromogenic agar, like the prior logistic
regression analysis on pink isolates, the analysis did not reveal any statistically significant
associations (p < 0.05) between the various location types sampled and the likelihood
of recovering blue-colored colonies from the chromogenic agar (Table 4). Although not
significant, the location with the greatest likelihood of having blue colonies (presumable
non-S. aureus staphylococci) was the locker room environment. Specifically, samples from
locker rooms had a 4.0 times greater likelihood (OR = 4.0, p = 0.056) of having a positive
detection of a blue colony than non-locker room samples. These results are similar to the
results in which pink colonies were also observed. Accordingly, many plates had both pink
and blue colonies. The floors, particularly in the locker and shower areas, which are part of
the locker room samples, had a 6.4 times greater likelihood of blue colonies than non-locker
room floor samples, which was a nearly significant finding (OR = 6.4, p = 0.096). Like the
results in Table 3, Table 4 illustrates that blue-colored colonies were observable throughout
the facility with a sufficient prevalence in contrasting areas that resulted in no significant
differences being observable.

Table 4. Crude odds ratios indicating the likelihood of observing a blue-colored colony on the
MRSA/SA biplate, organized by surface type relative to other surface types from this March 2022
recreational/fitness center sampling effort.

Types of Surfaces cOR 95% CI p

Locker Room 4.0 0.97–16.6 0.056
Shower Area 2.5 0.46–13.6 0.290
Locker/Shower Floor 6.4 0.72–56.2 0.096
Leg Contact Area 0.3 0.06–2.00 0.224
Flat Surfaces 0.9 0.24–3.62 0.921
Locker Benches 1.3 0.28–5.89 0.746
Men’s Locker Room 0.8 0.12–8.56 1.000
Crevice Surfaces 0.2 0.01–2.11 0.169
Flat Surfaces 1.3 0.28–5 89 0.746
Handle Surfaces 0.2 0.01–2.11 0.169

3.3. Antibiotic Resistance Among Isolated Colonies Recovered from HardyChrom Chromogenic
MRSA/SA Agar

Among all isolates evaluated, inclusive of all species successfully identified, oxacillin
and penicillin resistance as determined by MIC was most common, compared with the other
antibiotics tested, with 27 (59%) of 46 isolates being resistant (Table 5). When specifically
focusing on the S. aureus (SA) isolates, resistance to oxacillin was not commonly observed
despite coming from agar designed to select for resistant isolates; only one (9%) of nine
S. aureus isolates was resistant with five (56%) resistant to penicillin (Table 5). A detailed
analysis for each of the 42 isolates evaluated is provided in the Supplementary Material
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(Table S2). Table S2 illustrates that several of the S. aureus isolates were susceptible to all
antibiotics assessed when evaluated using the Microscan panels.

Table 5. The prevalence of resistance to various antibiotics among the most frequently isolated species
and total isolates studied.

Antibiotic

Species Abbreviation (% Resistant)
Among All 1

n = 46
SA SH SSap SE SCC SHH

n 2 = 11 n = 8 n = 7 n = 5 n = 3 n = 3

Ampicillin 4 (36) 5 (63) 1 (14) 5 (100) 0 (0) 0 (0) 17 (37)

Azithromycin 1 (9) 5 (63) 4 (57) 1 (20) 2 (67) 2 (67) 17 (37)

Cefoxitin 1 (9) 4 (50) 2 (29) 1 (20) 0 (0) 1 (33) 9 (20)

Cefazolin 0 (0) 0 (0) 1 (14) 0 (0) 0 (0) 0 (0) 1 (2)

Ceftaroline 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Chloramphenicol 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Ciprofloxacin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Clindamycin 0 (0) 0 (0) 3 (38) 0 (0) 1 (33) 0 (0) 4 (8)

Daptomycin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Doxycycline 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Erythromycin 2 (18) 5 (63) 4 (57) 1 (20) 2 (67) 2 (67) 18 (39)

Gentamicin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Levofloxacin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Linezolid 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Minocycline 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Moxifloxacin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Nitrofurantoin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 2 (4)

Oxacillin 1 (9) 4 (50) 7 (100) 2 (40) 2 (67) 1 (33) 27 (59)

Penicillin 5 (45) 6 (75) 5 (71) 5 (100) 1 (33) 2 (67) 27 (59)

Rifampin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Synercid 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Tetracycline 0 (0) 2 (25) 0 (0) 0 (0) 1 (33) 0 (0) 3 (7)

Vancomycin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Cell colors represent the prevalence of antibiotic resistance observed. Green < 20%, Yellow 20–39%, and Red > 40%.
1 “Among All” represents all the isolates (n = 46) studied, which include all the isolates from both Tables 5 and 6.
2 “n” represents the total number of isolates evaluated of the particular species. Some isolates were resistant to
multiple antibiotics and some were susceptible to all antibiotics assessed.

Upon examining non-S. aureus species, S. haemolyticus (SH) and S. saprophyticus
(SSap) had elevated levels (>40%) of resistance to four or more antibiotics. Specifically,
S. haemolyticus isolated from the chromogenic agar had elevated resistance to ampicillin
(63%), azithromycin (63%), cefoxitin (50%), erythromycin (63%), oxacillin (50%), and peni-
cillin (75%). Among the S. saprophyticus isolates, there was an elevated frequency of
resistance observed for azithromycin (57%), erythromycin (57%), oxacillin (100%), and
penicillin (71%). Among the five S. epidermidis isolates, all five (100%) were resistant to
ampicillin and penicillin (Table 5).

Among the less common isolates that were obtained, the two isolates of Aerococcus
viridans obtained from the men’s shower floor and women’s shower bench (Supplementary
Table S1) were resistant to oxacillin and nitrofurantoin (Table 6). No other bacteria were ob-
served to be resistant to nitrofurantoin. The majority of the less commonly isolated species
observed in this study demonstrated susceptibility to most antibiotics tested; however, for
several species, only one or two isolates were detected and evaluated for their response to
the various antibiotics.
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Table 6. The prevalence of antibiotic resistance to various antibiotics among the less common isolated
species observed.

Species Abbreviation (% Resistant)

AV Ssim SW SCU SI SSci

Antibiotic n1 = 2 n = 2 n = 2 n = 1 n = 1 n = 1

Ampicillin 0 (0) 0 (0) 1 (50) 0 (0) 1 (100) 0 (0)

Azithromycin 1 (50) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0)

Cefoxitin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Cefazolin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Ceftaroline 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Chloramphenicol 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Ciprofloxacin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Clindamycin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Daptomycin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Doxycycline 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Erythromycin 1 (50) 0 (0) 1 (50) 0 (0) 0 (0) 0 (0)

Gentamicin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Levofloxacin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Linezolid 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Minocycline 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Moxifloxacin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Nitrofurantoin 2 (100) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Oxacillin 2 (100) 0 (0) 0 (0) 0 (0) 1 (100) 1 (100)

Penicillin 0 (0) 0 (0) 2 (100) 0 (0) 1 (100) 0 (0)

Rifampin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Synercid 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Tetracycline 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Vancomycin 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)

Cell colors represent the prevalence of antibiotic resistance observed. Green < 20% and Red > 40%. 1 “n” represents
the total number of isolates evaluated of the particular species. Some isolates were resistant to multiple antibiotics
and some were susceptible to all antibiotics assessed.

4. Discussion
4.1. Comparing the Prevalence of Staphylococci and Fecal Indicator Bacteria in Fitness
Center Environments

This study examined 14 pieces of equipment or surfaces in a large fitness center and
observed recoverable staphylococci in 92% of all swab samples, indicating the ubiquity of
these organisms in the environment. Studies evaluating S. aureus transmission potential
demonstrated their survival on sports balls for over 72 h [18], corroborating findings that
S. aureus can survive for up to 12 days on inanimate surfaces [19]. A Malaysian study that
also assessed 42 samples across three gyms found positive results for presumed S. aureus
on Baird-Parker agar in 100% (14/14), 93% (13/14), and 29% (4/14) of swabs from the three
gyms studied [20]. In the context of other studies, the results we obtained further contribute
to the evidence that S. aureus is very common in fitness environments. Beyond the intuitive
knowledge that skin contact with surfaces contributes to their environmental transmission,
the recent literature also indicates that culturable S. aureus can also be obtained from the air
inside sports facilities [21].

Regarding fecal indicator bacteria prevalence, there is little scientific research indi-
cating a significant problem in fitness centers in the U.S. Some research from a university
fitness center in Taiwan documented E. coli contamination on the soft handles of bicycles,
sit-up benches, and dumbbells [22]. Our study did not examine many handles, which,
if sampled more thoroughly, might have yielded more E. coli results. The finding of
E. coli in our study on a bench in the changing area is not entirely unsurprising. While
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carbapenem-resistant Enterobacteriales (CRE) remains an urgent public health threat and
has the potential to be community-associated, the absence of community-associated CRE is
not uncommon in community studies [23], especially since we found little evidence of fecal
indicator bacteria in the fitness center we studied. Our results on fecal indicator bacteria
may be slightly biased since we used a higher incubation temperature (44 ◦C) for E. coli,
which, while more selective for thermotolerant coliforms like E. coli, may have suppressed
the growth of non-thermotolerant coliforms. Some E. coli strains may have grown too
poorly for detection or not grown at all, which could have led to our underestimating
the presence of E. coli in the studied environment [24–26]. In contrast, testing at 35 ◦C
might have yielded higher E. coli counts due to more permissive growth conditions for a
broader range of E. coli strains, but this could have allowed the growth of other coliforms,
potentially resulting in false positives from non-E. coli coliforms [13,24–26].

4.2. Comparing the Prevalence of Antibiotic Resistance and MRSA Prevalence in
Fitness Environments

Among studies evaluating antibiotic resistance in exercise environments or commu-
nity settings, particularly regarding MRSA, the results are mixed. In a study regarding
MRSA at a large Midwestern (USA) university campus, MRSA prevalence was 6% among
152 samples, with 22% of samples positive for S. aureus [27]. Using a similar method-
ology but focusing on fitness facilities and gym equipment in Northeast Ohio (USA),
Dalman et al. [4] found that 38% of samples were positive for S. aureus and 11% were
positive for MRSA. Alternatively, Ryan et al. [8] found no MRSA in samples taken from a
Florida gym. A noticeable difference between our study and Ryan et al.’s was our use of an
enrichment step to optimize recovery [8].

In our study, the prevalence of “presumed” MRSA was as high as 50% in the men’s
locker room samples and 0% in the crevice samples, based on pink colonies observed on
HardyCHROM MRSA/SA agar (Table 1). However, a more detailed assessment of the
pink colonies confirmed that most of the “presumed” S. aureus were actually S. aureus, but
only 1 (9%) of 11 was “confirmed” to be resistant to oxacillin (Table 5). Prior to plating
on the chromogenic agar containing antibiotics, we performed enrichment of the swab
samples using TSB with 6.5% saline and 24 h incubation, similar to the approach described
by Lee et al. [28]. During this time, considerable growth of salt-tolerant Gram-positive
cocci would have occurred in the broth tubes. The inoculum placed onto the chromogenic
agar from both tubes had high bacterial densities, many of which may have possessed
beta-lactamases, as evident from Table 5. The inoculum density and the potential combined
growth of many beta-lactamase-positive bacteria may have allowed breakthrough by
borderline or oxacillin-susceptible S. aureus. In contrast, the MicroScan-based method
using the PC-44 panels utilized the Prompt inoculation system to standardize the inoculum,
which ensured that the wells of the panels were not overloaded with bacteria, thus enabling
a more precise assessment of the MIC and resistance.

4.3. Antibiotic Resistance Among the Coagulase-Negative Staphylococci: A Growing Concern
Beyond MRSA

Some of the more interesting results of our study were unintended. Our study aimed
to focus on MRSA; however, upon further investigation of our isolates, our study re-
vealed substantial antibiotic resistance among the incidentally recovered S. haemolyti-
cus and S. saprophyticus, with over 50% of S. haemolyticus isolates and more than 38% of
S. saprophyticus isolates resistant to five antibiotics (Table 5). These findings highlight
a growing concern regarding antibiotic resistance in coagulase-negative staphylococci
(CoNS), particularly S. haemolyticus and S. saprophyticus, alongside MRSA, for several
important reasons. First, these species were likely abundant and S. haemolyticus isolates
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continue to present high levels of antibiotic resistance, especially when compared to other
CoNS, with hospital-acquired strains exhibiting the broadest spectrum of resistance [29].
We are unsure of the origins of our strains. Additionally, S. haemolyticus can act as a reser-
voir for antibiotic resistance genes, which may be transferred to other pathogens, such
as S. aureus. For example, mupirocin resistance genes have been shown to transfer from
S. haemolyticus to S. aureus via plasmids [30]. Furthermore, many CoNS isolates, including
S. saprophyticus, exhibit multi-drug resistance, with a study reporting 58% of S. saprophyticus
isolates as multi-drug resistant [31]. Our findings further illustrate that environmental
isolates of S. saprophyticus can possess appreciable levels of multi-drug resistance.

Interestingly, the S. aureus in our study had less antibiotic resistance compared with
other studies, including less multidrug resistance, which suggests that the movement of
antibiotic resistance genes from CoNS to S. aureus is not readily occurring within this facility,
but additional studies would be needed for confirmation. Alternatively, the CoNS species
were observed more frequently in environments where biofilm formation could occur, or
where disinfection can be less effective and less frequent as exercise equipment surfaces.
Notably, the prevalence of blue and white colonies (NAS) was more common on the floors
of the locker rooms and showers relative to the skin contact surfaces in the fitness center.
Therefore, the greater frequency of antibiotic resistance among NAS (mostly CoNS) versus
the S. aureus isolates is confounded by the environmental conditions and, therefore, may
not be species-specific but may rather be an artifact of our methodology isolating more
CoNS species from damp areas and the floor environments of the locker rooms, where
there is a greater potential for biofilm formation and antibiotic resistance to be established
and/or maintained.

While S. aureus can form biofilms, so can CoNS, including S. saprophyticus, in which
biofilms significantly enhance their resistance to antibiotics and virulence. Biofilm-
associated bacteria are known to be more resistant than non-biofilm formers [31,32].
S. haemolyticus, in particular, is emerging as an opportunistic pathogen in hospital en-
vironments, where its frequently observed multi-drug resistance presents a serious threat
to patient health [29,30]. Meanwhile, S. saprophyticus is the second most common cause of
community-acquired urinary tract infections (UTIs), and its increasing resistance to antibi-
otics complicates the treatment of these prevalent infections [31,33]. The initial sources for
colonization and/or infection warrant additional study and may be associated with patient
environments and community exposures.

CoNS also possess multiple mechanisms of resistance, including efflux pumps, enzy-
matic inactivation of antibiotics, and modifications of target sites. For instance, S. haemolyti-
cus has been found to carry resistance genes for β-lactams, quinolones, macrolides, and
antiseptics [29]. In some strains, certain antibiotics, such as oxacillin, may even enhance
biofilm formation, potentially increasing their virulence [32]. The combination of biofilm
formation and multi-drug resistance makes infections caused by CoNS particularly difficult
to treat, often leading to chronic infections and poor patient outcomes [34]. Finally, the
rising antibiotic resistance in CoNS adds to the global antibiotic resistance crisis, which
places a significant economic burden on patients and healthcare systems worldwide [34,35].
Therefore, while MRSA remains a critical concern, the increasing antibiotic resistance in
CoNS, especially S. haemolyticus and S. saprophyticus, presents a distinct and growing threat
that warrants increased attention by clinicians, researchers, and environmental health
practitioners responsible for promoting hygiene and sanitary environments.

4.4. Future Studies, Limitations, and Public Health Implications

While our study was limited by the number of samples obtained (n = 42) and number
of isolates analyzed (n =48), important inferences for future research and public health



Hygiene 2025, 5, 2 13 of 17

interventions can be provided. Firstly, our study relied upon a biochemical analysis for
species identification. Newer approaches, like MALDI-TOF, would have improved our
confidence in the species identification [36] and will likely aid in the identification of MRSA,
specifically [37]. A limitation of our study was that we did not include as many handles
or surfaces with hand contact (medicine balls, basketballs, equipment handles, dumbbell
bars, nautilus bars, etc.) as other studies [7,18,20,22], which may have resulted in our study
missing more abundant staphylococci.

For public health relevance, our study adds value to studies examining the consider-
able diversity of staphylococci, beyond S. aureus, and their ability to potentially serve as a
reservoir of antibiotic resistance genes. Our study illustrates the ubiquity of health-relevant
staphylococci throughout a modern fitness center. From these results, some interventions
are recommended that likely have application to most fitness and exercise facilities.

Users of fitness and exercise facilities presumably have an interest in their health and
may respond favorably to public health campaigns aimed at informing them of infectious
disease risk, antibiotic resistant bacteria prevalence, and actions they can take to promote
self-care and community health. The use of quaternary ammonium wipes in fitness centers,
just like their use in food processing, can achieve a 4–5 log reduction in staphylococci
on surfaces if given one-minute of contact time [37]. Regular use of wipes or cleaning
can prevent the build-up of biofilms that can form in the absence of sanitation in fitness
center [7]. Based upon this study, and the finding of E. coli on a bench in the women’s locker
room, it is recommended that more frequent cleaning and mopping (with disinfectant) be
performed in locker rooms, and quaternary ammonium wipes should also be provided in
the locker rooms to promote preventive wiping by patrons of contact surfaces.

Possible interventions or public health campaigns specific to the concerns raised by this
study could include large posters, signage [38], or messaging encouraging exercise/fitness
center users to disinfect gym equipment and surfaces, which can be effective [39]. Creating
perceptions of social norms, including disinfecting gym equipment, has been demonstrated to
increase the desired behavior of users [39]. If users adopt positive social norms by engaging
more regularly in disinfecting gym equipment, even for their own self-care, their actions will
result in a healthier environment for all exercise center patrons, including immunocompro-
mised individuals, all while reducing the role the facility may play in the transmission of
MRSA, opportunistic pathogens, and antibiotic-resistant bacteria into other settings.

Several hygiene- and sanitation-oriented future studies could address important public
health research questions. Our study was limited to one fitness facility and our surveillance-
based results may not be representative of other exercise facilities in the region or the
current 2024–2025 environment, given the results were obtained in 2022. During the heights
of the COVID-19 pandemic, despite being predominantly spread by respiratory droplets
and aerosols, there was increased vigilance in disinfecting surfaces, including in exercise
facilities [40]. Accordingly, if this increased attention by facility users and staff was happen-
ing more in 2022 than now, our results related to the prevalence of positive-tested surfaces
may present a more limited perspective than present circumstances at this facility with less
vigilance being directed to wiping or disinfecting surfaces. Future studies would be needed
to make such a comparison on the relative frequency of positive tests obtained currently
versus those obtained from 2022. To the contrary, the potential for a more adverse finding
also existed during the pandemic regarding the potential for a greater relative abundance of
antibiotic-resistant bacteria at the time of sampling (in 2022) than now (2024–2025). There
is some evidence suggesting that quaternary ammonium compounds may increase the
transmission of antibiotic resistance genes in the environment [41]. While not examined
in a fitness environment, some evidence from clinical settings suggests that resistance
mechanisms used by bacteria for quaternary ammonium compounds have also been linked
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to an increase in the relative abundance of methicillin-resistant MRSA [42], particularly
among nurses [43], which presumably could also be true for other staphylococci. Overall,
the increased use of quaternary ammonium compounds during the COVID-19 pandemic
has led some researchers to speculate that it could have increased the abundance of antibi-
otic resistance genes, particularly among Gram-positive bacteria, including Staphylococcus
species [44].

Given the limitations of this study, future studies could assess the effectiveness of
increased hygiene-oriented campaigns in fitness centers with respect to their impact on the
prevalence and relative abundance of staphylococci and antibiotic-resistant staphylococci
on their contact surfaces. Furthermore, studies using pre- and post-test designs could also
assess the impact of specific disinfection efforts on the prevalence, density, and relative
abundance of staphylococci and antibiotic-resistant staphylococci in exercise and fitness
center environments.

5. Conclusions
Our study highlights the high prevalence of staphylococci, including antibiotic-resistant

strains, in an exercise center environment. Like any shared exercise center, the need for
promoting personal hygiene and sanitation practices exists. It is uncertain whether our
results are comparable to other facilities in the region at the time of the assessment or in the
present, since the study was limited to one exercise/fitness center and performed during
a time of public health vigilance relating to the COVID-19 pandemic, respectively. While
MRSA remains a concern, our findings also reveal significant antibiotic resistance in coagulase-
negative staphylococci, such as S. haemolyticus and S. saprophyticus, which are among emerging
threats to public health. Implementing regular cleaning, particularly in high-contact areas
like locker rooms, and promoting hygiene awareness among exercise facility users can help
mitigate the spread of resistant pathogens and enhance community health.

Supplementary Materials: The following supporting information can be downloaded at https:
//www.mdpi.com/article/10.3390/hygiene5010002/s1, Table S1: The sampling location details for
the 42 swabbed areas within the exercise facility of interest, including their placement into categorical
groupings for the study methodology, which aimed to assess multiple types of surfaces of interest.
Table S2: Isolate analysis by sample location including the isolate color on HardyCHROM MRSA/S.
aureus agar along with the isolate identification and antibiotic resistance determination from the
MicroScan analysis.
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