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Background: Athletic centers have been locations for the transmission of community-acquired infec-
tions. This study assessed the capacity of copper alloys to reduce the bacterial burden associated with
high-touch athletic center equipment. Copper alloy weights and grips were rotated with rubber coated
and stainless steel controls in an undergraduate college athletic center over a 16-month period. The ath-
letic center is used by college athletic teams, student body, and local community.
Methods: The primary outcome was to compare bacterial burdens on copper and control grips by swab-
bing surfaces. Significance was determined using the nonparametric Mann-Whitney U test with significance
assessed at P < .05. Secondary outcomes included characterizing bacterial communities on surfaces and
conducting antibiotic susceptibility testing using the Kirby-Bauer disk diffusion method.
Results: Control athletic center components carried bacterial loads 94% larger than those found on copper
alloy components. Bacterial community characterization revealed Staphylococcus to be the most common
bacterial genus found on grip surfaces. Antibiotic resistance testing of the Staphylococcus isolates re-
vealed that all isolates were susceptible to vancomycin and linezolid, whereas 35% of copper alloy isolates
and 44% of control isolates were resistant to erythromycin.
Conclusions: Copper alloys can mitigate the bacterial burden on high-touch surfaces. Strategically placing
copper alloys in areas of high human contact can augment infection control efforts and potentially de-
crease community-acquired infections in athletic centers.

© 2017 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier
Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).

According to the World Health Organization, the rise of antibiotic-
resistant bacteria is rapidly increasing and eliminating treatment
options for infected individuals. Every year in the United States, ap-
proximately 2 million people are infected with an antibiotic-
resistant pathogen, and at least 23,000 people die as a result of the
infection.1,2 Early in 2017, the World Health Organization pub-
lished a priority pathogens list of antibiotic-resistant bacteria on
the basis of many factors, some of which included transmissibility
and prevention in hospital or community settings.3 Because of the
overuse of antibiotics, there is a selective pressure in the environ-

ment for antibiotic resistance genes. The rise of antibiotic-resistant
bacteria has led to a greater interest in infection control. Out-
breaks of methicillin-resistant Staphylococcus aureus (MRSA)
infections, primarily hospital-acquired infections, have been found
in individuals involved in athletics.4 Stanforth et al found that sur-
faces in high school wrestling facilities tested positive for community-
acquired MRSA strains, putting athletes at a higher risk of MRSA
infection.4 In 2011, there were approximately 80,461 invasive MRSA
infections. Of those infections, 60% were hospital-acquired infec-
tions, 17.5% were hospital-onset infections, and the remaining 22.5%
were community-acquired infections (CAIs). Since 2005, the esti-
mated infection rate for hospital-acquired infections dropped by
27.7%, hospital-onset infections dropped by 54.2%, and CAIs only
dropped by 5%.5 These findings demonstrate the need for proper
hygiene protocols and other approaches to reduce the potential for
CAIs in high-touch environments.

Copper and copper alloys are gaining increasing attention in in-
fection control measurements because of their antimicrobial
properties. The U.S. Environmental Protection Agency has
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recognized 5 families of copper alloys as antimicrobial, indicating
that copper alloys reduce bacterial burdens by 99.9% within 2 hours
of exposure.6-12 Studies have found that copper surfaces rapidly
reduce bacterial loads through a process known as contact killing
against both gram-positive and gram-negative bacteria.13-17 With the
rise of antibiotic-resistant bacteria, such as MRSA, the use of copper
alloy surfaces provides a mean of not only reducing bacterial burden,
but also mitigating the spread of antibiotic-resistant bacteria in the
environment. The implementation of copper alloys on high-touch
surfaces in the hospital resulted in decreased bacterial counts on
surfaces in comparison with control surfaces.18-23 Souli et al found
copper coating reduced bacterial burden associated high-touch hos-
pital items and lowered the number of surfaces contaminated with
multidrug-resistant bacteria.24 The ability of copper to lessen bac-
terial loads rapidly is important for continuously touched surfaces
and therefore can more readily reduce the transmission of antibiotic-
resistant bacteria.

In the United States, 57.3 million people are members of at least
one athletic facility.25 Athletic facilities are becoming commonly fre-
quented locations, with rates of gym visits expected to increase over
the years. With the demonstrated success of copper alloys to sig-
nificantly reduce bacterial counts in hospital settings, the aim of our
study was to determine its efficacy in an athletic center setting and
investigate the microbial communities on copper alloys placed on
high-touch athletic center equipment. We hypothesized there would
be a decrease in bacterial loads on copper alloy surfaces tested com-
pared with bacterial loads found on standard noncopper equipment.

MATERIALS AND METHODS

Study site and cleaning regimen

The study was conducted at the Grinnell College Athletic Center,
located in Grinnell, Iowa. The facility is regularly used by college
athletic teams, students, faculty and staff of the college, and members
of the local community. The cleaning protocol calls for student
workers to wipe down machines, benches and bars with GymWipes
Antibacterial Wipes (2XL Corporation, Forest Park, IL). Users of the
athletic center are also encouraged to wipe down equipment with
the GymWipes after their workout. The athletic center is cleaned
every morning with Super HDQ L 10 (Spartan Chemical, Maumee,
OH). Weights are not cleaned, and only attachments on equip-
ment are wiped.

Study design and sample collection

This trial was designed to determine the bacterial burden on high-
touch copper alloy and control athletic equipment over the course
of 16 months in a college athletic center and characterize the most
common bacteria found on the equipment. Five types of common-
ly used equipment and attachments made with copper alloy or
control grips were tested, including dumbbells (sets at 6.8, 9.1, 11.3,
13.6, and 15.9 kg), barbells (13.6, 18.1, and 22.7 kg), kettlebells (6.8,
11.3, and 15.9 kg), specialty dumbbells (Triple Threat, 6.8 and 9.1 kg),
grip attachments, lat pulldown attachments, and low row attach-
ments. The grip areas of the copper alloy equipment were made from
C706 copper alloy (90% copper, 10% nickel by weight), whereas the
control equipment was rubber coated or exposed stainless steel. The
copper alloy equipment and control equipment were rotated in the
facility approximately every 3 weeks, and samples were collected
3 times per week. For the kettlebells, barbells, and Triple Threats
(Black Iron Strength, Vancouver, WA), only the copper alloy equip-
ment or control was available during the testing time. For the grips
and dumbbells, copper alloy pieces were switched with controls;
however, other control grips or weights were available, whereas

copper alloy equipment was out because of the demand for >1 grip
or set of weights.

Sampling was conducted as previously described by Attaway et al,
with the following modification: 4- × 1-in Kimtech W5 wipes
(Kimberly-Clark, Roswell, GA) premoistened with 400 μL of
phosphate-buffered saline with 0.5% Tween 80 and 0.07% lecithin
(PBS-LT) were used to allow for sampling around the grip.26 Wipe
samples were collected during open times at the athletic center or
directly after it closed after morning hours during the summer. After
sampling, each wipe was placed into 6 mL of PBS-LT buffer. Samples
were vortexed, diluted with PBS-LT buffer, and plated onto trypticase
soy agar with 5% sheep blood (TSAII; BD, Sparks, MD), with incu-
bation for 48 hours at 37°C.

Bacterial characterization and antimicrobial susceptibility test

The most common bacterial morphologies on each plate were
selected for identification. Bacterial DNA was isolated and 16S ri-
bosomal RNA amplified as previously described.27 Samples were
sequenced at the University of Chicago Comprehensive Cancer Center
DNA Sequencing and Genotyping Facility. Sequences were run
through DECIPHER28 to check for chimeras and Classifier (Ribo-
somal Database Project)29 to assign genus. Sequences were deposited
in GenBank (accession no. MF385203- MF385271 for copper alloy
isolates and MF375118-MF375202 for isolates from control surfaces).

Antimicrobial susceptibility testing was carried out on Staphy-
lococcus isolates following published protocols.30 Bacteria were grown
on Mueller-Hinton plates (BD) and tested against erythromycin
(15 μg), vancomycin (30 μg), and linezolid (30 μg) (BD).

MRSA prevalence

A total of 99 samples were collected during the study, with 49
samples from copper-alloy equipment and 50 samples from control
equipment. Samples were collected in the same manner as the bac-
terial burden protocol, and then plated on CHROMagar MRSAII (BD)
following the manufacturer’s instructions.

Statistical analysis

For each item, surface areas of sampled regions were mea-
sured and the colony forming units (CFU) per 100 cm2 were
calculated. Bacterial loads on copper alloy items versus noncopper
items using nonparametric Mann-Whitney U test with a signifi-
cance level at P < .05 using Prism 6 software (GraphPad Software,
La Jolla, CA) were calculated.

RESULTS

Bacterial burden was significantly decreased on high-touch copper
alloy surfaces compared with controls

Copper grips had significantly lower bacterial loads than control
items, with an average decrease of 94% (n = 543 for copper and n
= 536 for control). For every type of grip tested, reductions in bac-
terial counts decreased from 85%-97% on copper alloy surfaces
(Table 1). Control dumbbells carried the highest bacterial loads, with
kettlebells and specialty dumbbells carrying the lowest. The highest
bacterial loads were found on barbells and specialty dumbbells for
the copper alloy grips tested (Table 1). Control 15-lb dumbbells
carried the highest bacteria counts with an average of 15,985 CFU/
100 cm2 (n = 34), whereas 40-lb barbells and 35-lb kettlebells carried
the lowest (3,311 and 2,923 CFU/100 cm2, respectively; n = 27 for
barbell and n = 40 for kettlebell) (Fig 1). Copper grips had the highest
bacterial counts on the 30-lb barbell with an average of 724 CFU/
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100 cm2 (n = 27), whereas the lowest average was found on 20-lb
dumbbells at 215 CFU/100 cm2 (n = 33).

Characterization of the most common isolates found Staphylococcus
dominant in this setting and isolates showed low levels of resistance
to 3 antibiotics tests

Staphylococcus and Micrococcus were the 2 most prevalent bac-
terial genera found on both copper alloy and control grips, making
up a combined 90% and 91%, respectively, of isolates character-
ized (Fig 2). Because Staphylococcus was most common genus of
bacteria found on both types of surfaces, antibiotic susceptibility
testing with vancomycin, erythromycin, and linezolid was con-
ducted on 17 isolates from copper surfaces and 18 isolates from
control surfaces. All isolates tested were sensitive to vancomycin
and linezolid. Erythromycin resistance was found in 6 copper iso-
lates (35%) and 8 control isolates (44%). Of the 99 samples tested
for MRSA on CHROMagar MRSAII, no positive MRSA colonies were
obtained.

DISCUSSION

In the United States, CAIs have persisted; therefore, maintain-
ing cleanliness and hygiene in locations with high-touch surfaces,
such as athletic centers, is important for reducing infection risks.

This study examined the ability of copper alloys to facilitate in
hygiene maintenance by controlling bacterial burden on athletic
equipment grips. Our findings suggest that U.S. Environmental Pro-
tection Agency–registered copper alloys are able to reduce bacterial
burdens by 94%, confirming previous observations on the antimi-
crobial properties of copper.18,31,32

Assessing the bacterial burden on equipment surfaces allows ath-
letic centers to determine which pieces of equipment afford more
attention in hygiene maintenance. Across all sampled equipment,
the average concentration of bacteria recovered from surfaces was
highest for control dumbbells, with a mean concentration of
10,360 CFU/100 cm2 (Table 1). Dumbbells had the largest reduc-
tion in bacterial burden (97%), whereas specialty dumbbells showed
the smallest reduction (85%). Nonetheless, for all equipment groups,
copper alloy surfaces had significantly lower bacterial concentra-
tions than control counterparts (Table 1). Although gym users are
encouraged to disinfect equipment before and after usage, there is
no guarantee that surfaces are being cleaned; therefore, equip-
ment surfaces could go long periods of time without proper
disinfection, harboring considerable loads of bacteria. The sus-
tained antimicrobial properties of copper prove useful for continuous
hygiene maintenance in locations that may not be regularly
disinfected.

Our study also delineated the most common bacterial isolate mor-
phologies associated with copper and control equipment surfaces.

Table 1
Bacterial burdens on equipment and attachment grips

Type of equipment

Copper components Control components

Mean
CFU/100 cm2

Median
CFU/100 cm2 n

Mean
CFU/100 cm2

Median
CFU/100 cm2 n P value % reduction

Attachment 416 184 96 6,514 3,429 103 <.0001 94
Barbell 535 350 81 6,723 2,971 81 <.0001 92
Dumbbell 288 141 148 10,360 5,333 153 <.0001 97
Kettlebell 461 207 137 3,722 2,182 119 <.0001 88
Specialty dumbbells 551 331 81 3,777 2,524 80 <.0001 85

CFU, colony forming units.

Fig 1. Copper alloy equipment reduced concentrations of bacteria on all equipment types. The mean bacterial concentrations recovered are shown by the bars, whereas
the median concentrations are identified by the triangles. Copper alloy grips are represented by the blue bars and controls by the gray bars (P < .0001 for all pairs) (numbers
range from 25-45 for individual items tested).
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The most common bacterial genus was found to be Staphylococ-
cus. These findings support previous studies that have identified
Staphylococcus as one of the most common bacteria found in indoor
environments.33-35 Bacteria from microbial communities of the built
environment are associated with human skin, outdoor air, and soil
microbiomes.36-38 Investigating the bacterial diversity associated with
gym equipment surfaces, Mukherjee et al determined the pres-
ence of Staphylococcus, with Staphylococcus saprophyticus being the
most prevalent species, followed by Staphylococcus epidermidis and
S aureus.35 Each of these bacterial species can exhibit as opportu-
nistic pathogens for humans39-42 and can therefore pose a threat to
individuals who frequent athletic facilities.

Because of the high prevalence of Staphylococcus and the risk of
infection implicated to antibiotic-resistant species of Staphylococ-
cus, antibiotic resistance susceptibility tests were conducted on a
selection of Staphylococcus isolates collected. Resistance was only
present against erythromycin. Staphylococcus spp have developed
efficient mechanisms to evade the immune system and resist
common antibiotics, such as penicillin, cefoxitin, and gentamicin.43

The misuse of antibiotics at subinhibitory levels has been shown
to promote bacterial colonization by stimulating enhanced biofilm
formation.44 The ability of S aureus to rapidly develop resistance to
antibiotics presents a growing public health problem.45 Antimicro-
bial copper has proved effective in killing pathogenic MRSA.46,47 The
use of copper could be a suitable solution to the rapid increase of
antibiotic-resistant bacteria.

Community-associated MRSA has become a major concern for
athletic facilities. Although extensive research on MRSA in hospi-
tal settings is available, there is a dearth of studies investigating the
prevalence of MRSA on equipment surfaces in athletic facilities.
Several reports of MRSA outbreaks in team sports and their train-
ing facilities highlight the importance of determining MRSA
reservoirs in these environments and implementing cleaning pro-
tocols that most efficiently minimize risks of CAI.4,48-51 Our study
assessed the prevalence of MRSA in our testing site to determine
if equipment surfaces could be a source of surface-to-skin contam-
ination. We found no positive cultures of MRSA from either copper
alloy or control equipment surfaces. Ryan et al found similar results,
with no cultures positive for MRSA from 240 samples obtained from
5 gym surfaces.52 Although our findings suggest that athletic centers
may not be sources of community-acquired MRSA, our limited
sample size of 99 cultures could be insufficient to capture the prev-
alence of MRSA colonization. Stiefel et al found that hospital surfaces,
such as bed rails, bedside tables, and call buttons, served as vectors
of surface-to-skin contamination of MRSA for both health care pro-
viders and patients.53 These findings suggest that contamination of
high-touch environmental surfaces could be sources of infection.

Niiyama et al determined there to be significantly lower MRSA counts
on bedsheets with metallic copper imbedded in them, preventing
the spread of MRSA in dermatology wards.54 Implementation of in-
fection control strategies, such as the use of copper alloys in
combination with disinfecting procedures, should be considered to
augment cleaning protocols and mitigate the spread of CAIs.

Acknowledgments

We thank Grinnell College and the staff at the Bear Athletic Center
for providing assistance and support over the course of this study,
especially J. Martinez. We also thank T. Linden, E. Lopatto, H. O’Neill,
and K. Vorhies for helpful discussions and assistance with the
manuscript.

References

1. Frieden T. Antibiotic resistance threats in the United States. 2013. Available from:
https://www.cdc.gov/drugresistance/threat-report-2013/. Accessed September
22, 2017.

2. Magill SS, Edwards JR, Bamberg W, Beldavs ZG, Dumyati G, Kainer MA, et al.
Multistate point-prevalence survey of health care-associated infections. N Engl
J Med 2014;370:1198-208.

3. Tacconelli E, Magrini N. Global priority list of antibiotic-resistant bacteria to guide
research, discovery, and development of new antibiotics. 2017. Available from:
http://www.who.int/medicines/publications/global-priority-list-antibiotic
-resistant-bacteria/en/. Accessed September 22, 2017.

4. Stanforth B, Krause A, Starkey C, Ryan TJ. Prevalence of community-associated
methicillin-resistant Staphylococcus aureus in high school wrestling
environments. J Environ Health 2010;72:12-6.

5. Dantes R, Mu Y, Belflower R, Aragon D, Dumyati G, Harrison LH, et al. National
burden of invasive methicillin-resistant Staphylococcus aureus infections, United
States, 2011. JAMA Intern Med 2013;173:1970-8.

6. United States Environmental Protection Agency. EPA registers copper-containing
alloy products. 2008. Available from: http://www.trimcohardware.com/
wp-content/uploads/2015/07/EPA-Copper-Registration.pdf. Accessed September
22, 2017.

7. United States Environmental Protection Agency. Antimicrobial copper
alloys—group I (EPA Reg. No. 82012-1). 2008. Available from: https://
www3.epa.gov/pesticides/chem_search/ppls/082012-00001-20140826.pdf.
Accessed September 22, 2017.

8. United States Environmental Protection Agency. Antimicrobial copper
alloys—group II (EPA Reg. No. 82012-2). 2008. Available from: https://
www3.epa.gov/pesticides/chem_search/ppls/082012-00002-20140826.pdf.
Accessed September 22, 2017.

9. United States Environmental Protection Agency. Antimicrobial copper
alloys—group III (EPA Reg. No. 82012-3). 2008. Available from: https://
www3.epa.gov/pesticides/chem_search/ppls/082012-00003-20140826.pdf.
Accessed September 22, 2017.

10. United States Environmental Protection Agency. Antimicrobial copper
alloys—group IV (EPA Reg. No. 82012-4). 2008. Available from: https://
www3.epa.gov/pesticides/chem_search/ppls/082012-00004-20140826.pdf.
Accessed September 22, 2017.

11. United States Environmental Protection Agency. Antimicrobial copper
alloys—group V (EPA Reg. No. 82012-5). 2008. Available from: https://

Fig 2. Characterization of the most common colony morphologies present on copper alloy and control surfaces. The most common morphologies from plates were iso-
lated and the 16S ribosomal RNA genes were amplified and sequenced to determine the bacterial identify (n = 69 for copper and n = 89 for control).

ARTICLE IN PRESS

4 Z. Ibrahim et al. / American Journal of Infection Control ■■ (2017) ■■-■■

http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0010
https://www.cdc.gov/drugresistance/threat-report-2013/
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0015
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0015
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0015
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0020
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0020
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
http://www.who.int/medicines/publications/global-priority-list-antibiotic-resistant-bacteria/en/
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0025
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0025
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0025
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0030
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0030
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0030
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0035
http://www.trimcohardware.com/wp-content/uploads/2015/07/EPA-Copper-Registration.pdf
http://www.trimcohardware.com/wp-content/uploads/2015/07/EPA-Copper-Registration.pdf
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0040
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00001-20140826.pdf
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00001-20140826.pdf
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0045
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00002-20140826.pdf
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00002-20140826.pdf
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0050
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00003-20140826.pdf
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00003-20140826.pdf
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0055
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00004-20140826.pdf
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00004-20140826.pdf
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0060
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00005-20080229.pdf


www3.epa.gov/pesticides/chem_search/ppls/082012-00005-20080229.pdf.
Accessed September 22, 2017.

12. United States Environmental Protection Agency. Antimicrobial copper
alloys—group VI (EPA Reg. No. 82012-6). 2008. Available from: https://
www3.epa.gov/pesticides/chem_search/ppls/082012-00006-20090712.pdf.
Accessed September 22, 2017.

13. Grass G, Rensing C, Solioz M. Metallic copper as an antimicrobial surface. Appl
Environ Microbiol 2011;77:1541-7.

14. Santo CE, Quaranta D, Grass G. Antimicrobial metallic copper surfaces kill
Staphylococcus haemolyticus via membrane damage. Microbiologyopen
2012;1:46-52.

15. Warnes SL, Caves V, Keevil CW. Mechanism of copper surface toxicity in
Escherichia coli O157:H7 and Salmonella involves immediate membrane
depolarization followed by slower rate of DNA destruction which differs from
that observed for gram-positive bacteria. Environ Microbiol 2012;14:1730-43.

16. Warnes SL, Keevil CW. Mechanism of copper surface toxicity in vancomycin-
resistant enterococci following wet or dry surface contact. Appl Environ Microbiol
2011;77:6049-59.

17. Warnes SL, Keevil CW. Lack of involvement of fenton chemistry in death of
methicillin-resistant and methicillin-sensitive strains of Staphylococcus aureus
and destruction of their genomes on wet or dry copper alloy surfaces. Appl
Environ Microbiol 2016;82:2132-6.

18. Hinsa-Leasure SM, Nartey Q, Vaverka J, Schmidt MG. Copper alloy surfaces sustain
terminal cleaning levels in a rural hospital. Am J Infect Control 2016;44:e195-203.

19. Salgado CD, Sepkowitz KA, John JF, Cantey JR, Attaway HH, Freeman KD, et al.
Copper surfaces reduce the rate of healthcare-acquired infections in the intensive
care unit. Infect Control Hosp Epidemiol 2013;34:479-86.

20. Schmidt MG, Attaway HH, Sharpe PA, John J Jr, Sepkowitz KA, Morgan A, et al.
Sustained reduction of microbial burden on common hospital surfaces through
introduction of copper. J Clin Microbiol 2012;50:2217-23.

21. Schmidt MG, Attaway Iii HH, Fairey SE, Steed LL, Michels HT, Salgado CD. Copper
continuously limits the concentration of bacteria resident on bed rails within
the intensive care unit. Infect Control Hosp Epidemiol 2013;34:530-3.

22. Schmidt MG, von Dessauer B, Benavente C, Benadof D, Cifuentes P, Elgueta A,
et al. Copper surfaces are associated with significantly lower concentrations of
bacteria on selected surfaces within a pediatric intensive care unit. Am J Infect
Control 2016;44:203-9.

23. von Dessauer B, Navarrete MS, Benadof D, Benavente C, Schmidt MG. Potential
effectiveness of copper surfaces in reducing health care-associated infection rates
in a pediatric intensive and intermediate care unit: a nonrandomized controlled
trial. Am J Infect Control 2016;44:e133-9.

24. Souli M, Antoniadou A, Katsarolis I, Mavrou I, Paramythiotou E, Papadomichelakis
E, et al. Reduction of environmental contamination with multidrug-resistant
bacteria by copper-alloy coating of surfaces in a highly endemic setting. Infect
Control Hosp Epidemiol 2017;38:765-71.

25. iHRSA. Health club industry overview. 2016. Available from: http://www.ihrsa
.org/about-the-industry/. Accessed September 22, 2017.

26. Attaway HH 3rd, Fairey S, Steed LL, Salgado CD, Michels HT, Schmidt MG. Intrinsic
bacterial burden associated with intensive care unit hospital beds: effects of
disinfection on population recovery and mitigation of potential infection risk.
Am J Infect Control 2012;40:907-12.

27. Hinsa-Leasure SM, Bhavaraju L, Rodrigues JL, Bakermans C, Gilichinsky DA, Tiedje
JM. Characterization of a bacterial community from a Northeast Siberian seacoast
permafrost sample. FEMS Microbiol Ecol 2010;74:103-13.

28. Wright ES, Yilmaz LS, Noguera DR. DECIPHER, a search-based approach to
chimera identification for 16S rRNA sequences. Appl Environ Microbiol
2012;78:717-25.

29. Wang Q, Garrity GM, Tiedje JM, Cole JR. Naive Bayesian classifier for rapid
assignment of rRNA sequences into the new bacterial taxonomy. Appl Environ
Microbiol 2007;73:5261-7.

30. Cockerill FR, Patel JB, Alder J, Bradford PA, Dudley MN, Eliopoulos GM, et al.
Performance standards for antimicrobial susceptibility testing; twenty-third
informational supplement. Wayne (PA): Clinical and Laboratories Standards
Institute; 2013.

31. Inkinen J, Makinen R, Keinanen-Toivola MM, Nordstrom K, Ahonen M. Copper
as an antibacterial material in different facilities. Lett Appl Microbiol 2017;64:19-
26.

32. Schmidt MG, Tuuri RE, Dharsee A, Attaway HH, Fairey SE, Borg KT, et al.
Antimicrobial copper alloys decreased bacteria on stethoscope surfaces. Am J
Infect Control 2017;45:642-7.

33. Gorny RL, Dutkiewicz J. Bacterial and fungal aerosols in indoor environment in
Central and Eastern European countries. Ann Agric Environ Med 2002;9:17-23.

34. Gorny RL, Dutkiewicz J, Krysinska-Traczyk E. Size distribution of bacterial and
fungal bioaerosols in indoor air. Ann Agric Environ Med 1999;6:105-13.

35. Mukherjee N, Dowd SE, Wise A, Kedia S, Vohra V, Banerjee P. Diversity of bacterial
communities of fitness center surfaces in a U.S. metropolitan area. Int J Environ
Res Public Health 2014;11:12544-61.

36. Adams RI, Bateman AC, Bik HM, Meadow JF. Microbiota of the indoor
environment: a meta-analysis. Microbiome 2015;3:49.

37. Adams RI, Bhangar S, Pasut W, Arens EA, Taylor JW, Lindow SE, et al. Chamber
bioaerosol study: outdoor air and human occupants as sources of indoor airborne
microbes. PLoS ONE 2015;10:e0128022.

38. Kembel SW, Jones E, Kline J, Northcutt D, Stenson J, Womack AM, et al.
Architectural design influences the diversity and structure of the built
environment microbiome. ISME J 2012;6:1469-79.

39. Dong Y, Speer CP. The role of Staphylococcus epidermidis in neonatal sepsis:
guarding angel or pathogenic devil? Int J Med Microbiol 2014;304:513-20.

40. Kuroda M, Yamashita A, Hirakawa H, Kumano M, Morikawa K, Higashide M, et al.
Whole genome sequence of Staphylococcus saprophyticus reveals the
pathogenesis of uncomplicated urinary tract infection. Proc Natl Acad Sci USA
2005;102:13272-7.

41. Loes AN, Ruyle L, Arvizu M, Gresko KE, Wilson AL, Deutch CE. Inhibition of urease
activity in the urinary tract pathogen Staphylococcus saprophyticus. Lett Appl
Microbiol 2014;58:31-41.

42. Powers ME, Bubeck Wardenburg J. Igniting the fire: Staphylococcus
aureus virulence factors in the pathogenesis of sepsis. PLoS Pathog 2014;10:
e1003871.

43. Nanoukon C, Argemi X, Sogbo F, Orekan J, Keller D, Affolabi D, et al. Pathogenic
features of clinically significant coagulase-negative staphylococci in hospital and
community infections in Benin. Int J Med Microbiol 2017;307:75-82.

44. Goneau LW, Hannan TJ, MacPhee RA, Schwartz DJ, Macklaim JM, Gloor GB, et al.
Subinhibitory antibiotic therapy alters recurrent urinary tract infection
pathogenesis through modulation of bacterial virulence and host immunity. MBio
2015;6:1-13.

45. Foster TJ. Antibiotic resistance in Staphylococcus aureus. Current status and future
prospects. FEMS Microbiol Rev 2017;41:430-49.

46. Noyce JO, Michels H, Keevil CW. Potential use of copper surfaces to reduce
survival of epidemic meticillin-resistant Staphylococcus aureus in the healthcare
environment. J Hosp Infect 2006;63:289-97.

47. Weaver L, Noyce JO, Michels HT, Keevil CW. Potential action of copper surfaces
on meticillin-resistant Staphylococcus aureus. J Appl Microbiol 2010;109:2200-5.

48. Cohen PR. The skin in the gym: a comprehensive review of the cutaneous
manifestations of community-acquired methicillin-resistant Staphylococcus
aureus infection in athletes. Clin Dermatol 2008;26:16-26.

49. Lindenmayer JM, Schoenfeld S, O’Grady R, Carney JK. Methicillin-resistant
Staphylococcus aureus in a high school wrestling team and the surrounding
community. Arch Intern Med 1998;158:895-9.

50. Montgomery K, Ryan TJ, Krause A, Starkey C. Assessment of athletic health care
facility surfaces for MRSA in the secondary school setting. J Environ Health
2010;72:8-11, quiz 66.

51. Rackham DM, Ray SM, Franks AS, Bielak KM, Pinn TM. Community-associated
methicillin-resistant Staphylococcus aureus nasal carriage in a college student
athlete population. Clin J Sport Med 2010;20:185-8.

52. Ryan KA, Ifantides C, Bucciarelli C, Saliba H, Tuli S, Black E, et al. Are gymnasium
equipment surfaces a source of staphylococcal infections in the community?
Am J Infect Control 2011;39:148-50.

53. Stiefel U, Cadnum JL, Eckstein BC, Guerrero DM, Tima MA, Donskey CJ.
Contamination of hands with methicillin-resistant Staphylococcus aureus after
contact with environmental surfaces and after contact with the skin of colonized
patients. Infect Control Hosp Epidemiol 2011;32:185-7.

54. Niiyama N, Sasahara T, Mase H, Abe M, Saito H, Katsuoka K. Use of copper
alloy for preventing transmission of methicillin-resistant Staphylococcus
aureus contamination in the dermatology ward. Acta Derm Venereol 2013;93:
294-300.

ARTICLE IN PRESS

5Z. Ibrahim et al. / American Journal of Infection Control ■■ (2017) ■■-■■

https://www3.epa.gov/pesticides/chem_search/ppls/082012-00005-20080229.pdf
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0065
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00006-20090712.pdf
https://www3.epa.gov/pesticides/chem_search/ppls/082012-00006-20090712.pdf
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0070
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0070
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0075
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0075
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0075
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0080
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0080
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0080
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0080
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0085
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0085
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0085
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0090
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0090
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0090
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0090
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0095
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0095
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0100
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0100
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0100
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0105
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0105
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0105
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0110
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0110
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0110
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0115
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0115
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0115
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0115
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0120
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0120
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0120
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0120
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0125
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0125
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0125
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0125
http://www.ihrsa.org/about-the-industry/
http://www.ihrsa.org/about-the-industry/
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0135
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0135
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0135
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0135
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0140
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0140
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0140
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0145
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0145
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0145
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0150
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0150
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0150
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0155
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0155
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0155
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0155
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0160
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0160
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0160
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0165
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0165
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0165
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0170
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0170
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0175
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0175
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0180
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0180
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0180
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0185
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0185
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0190
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0190
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0190
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0195
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0195
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0195
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0200
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0200
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0205
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0205
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0205
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0205
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0210
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0210
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0210
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0215
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0215
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0215
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0220
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0220
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0220
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0225
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0225
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0225
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0225
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0230
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0230
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0235
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0235
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0235
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0240
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0240
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0245
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0245
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0245
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0250
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0250
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0250
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0255
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0255
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0255
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0260
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0260
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0260
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0265
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0265
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0265
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0270
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0270
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0270
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0270
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0275
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0275
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0275
http://refhub.elsevier.com/S0196-6553(17)31008-8/sr0275

	 Reduction of bacterial burden by copper alloys on high-touch athletic center surfaces
	 Materials and methods
	 Study site and cleaning regimen
	 Study design and sample collection
	 Bacterial characterization and antimicrobial susceptibility test
	 MRSA prevalence
	 Statistical analysis

	 Results
	 Bacterial burden was significantly decreased on high-touch copper alloy surfaces compared with controls
	 Characterization of the most common isolates found Staphylococcus dominant in this setting and isolates showed low levels of resistance to 3 antibiotics tests

	 Discussion
	 Acknowledgments
	 References


