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Copper alloys surfaces have been proposed as a promising solution to avoid microbial contamination of surfaces
but their antibiofilm effect is still unclear. All copper alloys tested have demonstrated efficient antibiofilm ac-
tivity against Methicillin-resistant Staphylococcus aureus (MRSA) and Pseudomonas aeruginosa, with differences
between alloys. The artificial aging of copper alloys led to variable effects on the bacterial adhesion, depending
on alloy. The results highlighted the promising antibiofilm activity of various copper alloys and suggest that the

alloy composition is an essential parameter in this activity.

1. Introduction

Currently, the healthcare associated infections (HAIs) remain a
major concern, as their prevalence is still oscillating around 6% in
Europe and 4% United-States of America [1,2]. Pathogens such as
methicillin-resistant Staphylococcus aureus (MRSA), involved in HAIs can
spread to patients through the environment where bacteria, viruses and
fungi can colonize inanimate surfaces and persist for hours to months
[3].

S. aureus and Pseudomonas aeruginosa (PA) are well known for their
strong abilities to form biofilm on various surfaces. This lifeform confers
high protection against numerous external stress factors like antibiotics
[4] or disinfectants [5]. Thus, pathogens can persist under biofilm form
on hospital hard surfaces [6] where they can resist to regular disinfec-
tion and thereby represent a permanent risk.

To counteract pathogen survival on touch surfaces, several solutions
have been proposed [7]. Among these solutions, the use of copper stood
out as the most promising. Metallic surfaces made of pure copper or
copper alloys demonstrated strong and inherent antimicrobial proper-
ties [8] against bacteria, viruses and fungi [9-11]. The in-use efficiency
of metallic copper against bacterial contaminations has been confirmed
in healthcare facilities [12,13].

However, the efficiency of copper touch surfaces to prevent biofilm
formation has not been investigated yet. Here, the formation of MRSA
and PA biofilms was studied on various copper alloys, and the effect of
artificial aging of the alloy samples toward their antibiofilm activities
was also tested.

2. Experimental
2.1. Metallic samples

Seven copper alloys (Table 1) provided by Lebronze alloys were
manufactured in pieces of 40 by 8 by 8 mm (1408 cmz). Stainless steel
(SS) coupons of X2CrNi18-09 (AISI 304L) measuring 50 by 7 by 1 mm
(814 cm?) were used as control. AQ was used as referent copper alloy in
preliminary tests as it has previously been used in the manufacturing of
door handles installed in five healthcare facilities [12,13]. Before tests,
copper alloy samples were brushed with abrasive pad for one minute,
then rinsed with 20 spray of deionized water. Finally, excess water was
removed by applying a paper towel gently.

2.2. Artificial aging

Metallic samples were immersed for two minutes in a solution of
Aniosurf Premium disinfectant (Laboratoires Anios) diluted at 0.25% in
distilled water. Samples were then rinsed with 20 sprays of deionised
water and water excess on samples was eliminated by applying a paper
towel gently. Samples were then incubated at room temperature for one
hour (latent phase). Eighteen cycles of immersion, washing, drying and
latent phase were performed successively.

2.3. Bacterial culture

MRSA CIP 103.811 or PA CIP 82.118 strains from Institut Pasteur
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Table 1
Chemical composition of the seven copper alloys tested.
Alloy 0 Alloy 1 Alloy2  Alloy3 Alloy4 Alloy5 Alloy6
%Cu 92.15 68.5 94 92.4 92.5 85 92.25
%Zn / 11 5 5 2-7.5 15 /
%Al 7.75 2.5 1 1 / / 7.75
%Mn  / 18 / / / / /
%Fe / / / 1 0.5-3 / /
%Si / / / 0.6 0.2-4 / /
%Ag 0.1 / / / / / /

collection were cultured overnight in tryptic soy broth (TSB) and then
subcultured for 4 h. Bacteria were then washed and concentrated by
centrifugation (1800g) to reach a concentration around 10'° CFU/mL.

2.4. Determination of basic antibacterial activity

Three independent 10 uL droplets of the bacterial suspension were
inoculated on each metal sample. Samples were then incubated at room
temperature for two hours. Surviving bacteria were then collected by
applying a sterile cotton swab moistened and resuspended in 7.5 mL of
peptone water (PW) through a two minutes sonication and vortexing.
Serial dilutions were exponentially seeded on tryptic soy agar (TSA) and
incubated at 37 °C for 24 h before enumeration of colony forming units
(CFU).

2.5. Determination of antibiofilm activity

A unique 10 pL droplet of bacterial suspension was inoculated on
each metal sample. Metallic samples were dried for 30 min and then
transferred in 50 mL sterile tubes containing 15 mL of PW or TSB and
incubated at 37 °C for 24 h to allow biofilm growth. Metallic samples
were then washed in PBS and transferred in new 50 mL sterile tubes
containing 15 mL of PW. Then, adherent bacteria where resuspended
through a five minutes sonication and vortexing. Serial dilutions were
exponentially seeded on TSA and incubated at 37 °C for 24 h. Results
were expressed as CFU per cm? of metallic sample.

2.6. Statistical analysis

All tests were performed in triplicate, each including three technical
replicates. Comparison between conditions were analysed using the
non-parametric Mann-Whitney test on GraphPad Prism 5 Software. The
results were considered as statistically significant when P < 0.05.

3. Results and discussion
3.1. Biofilm formation on stainless steel and a copper alloy

PW was used to mimic low soiling while TSB, which contains a high
level of nutrients, was used to mimic an extreme soiling of the surface
and provided pro-bacterial environment (Fig. 1). Bacteria highly
adhered to SS, with a mean 8.0 x 10* CFU/cm? when incubated in PW
and 1.3 x 10°CFU/cm? when incubated in TSB. On AO, biofilms were
rarely formed when samples were incubated in PW. Results were
different in TSB, where biofilms systematically formed on AQ with a
mean of 3.8 x 10* CFU, which is 1.6 log lower than on SS. Surprisingly,
biofilms could be formed on a copper alloy immerged in media that
promotes bacterial growth. However, TSB is a very rich medium in
which metallic samples are totally immersed. This represents extreme
pro-biofilm conditions that are unlikely to happen in in-use reality of
touch surfaces. Oxidation and corrosion on the surface may take place at
higher levels in aqueous media than in dry conditions [14] resulting in a
lowering of the antibiofilm effects.
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Fig. 1. MRSA biofilm formation on metallic samples. Enumeration of adherent
bacteria on stainless steel (SS) and Alloy 0 after 24 h of immersion in peptone
water (PW) or tryptic soy broth (TSB). Results from every condition were
significantly different to all other conditions, excepted for the comparison of
SS_PW and AO_TSB.

3.2. Biofilm formation on various copper alloys

All the copper alloys demonstrated a significant antibiofilm effect
against both MRSA and PA strains, compared to SS (Fig. 2). AO appeared
to display the weaker antibiofilm activity against both strains compared
to other alloys. Interestingly, A4 (92.5% Cu) displayed far better anti-
biofilm activity toward MRSA than A0 (92.15% Cu), despite their very
close percentage of copper. It was already demonstrated that alloys with
lower copper percentage can present higher antibacterial, antiviral or
antifungal activities [9-11] and authors pointed out the role of minor
elements. A4 was, by far, the most effective alloy against both MRSA and
PA adhesion, with significant effects compared to Al. A2 and A5 low-
ered the adhesion of MRSA compared to A0 and A1, but were less effi-
cient against PA. Conversely, A6 presented the highest number of
adhered MRSA (although values were very variable) while this alloy was
particularly effective against PA adhesion. These results suggest that
different copper alloys may act on bacterial biofilm through different
mechanisms depending on the type of bacteria, confirming the already
observed difference in survival of Gram-negative and Gram-positive
bacteria tested on the same alloys [15]. Studying the antibiofilm effect
of numerous copper alloys against a wider range of bacteria could bring
more information on this matter.

3.3. Effect of artificial aging

In healthcare facilities, the regular disinfection and use of copper
touch surfaces like door handles can lead to a progressive loss of their
antibacterial activity [13]. This was reproduced here by artificial aging.
Bacterial viability on SS was not affected by the aging process, validating
the absence of remaining effect of the disinfectant used in the aging
solution (Fig. 3A). Artificial aging significantly reduced AO basic anti-
bacterial activity as seen in the healthcare facilities in-use situation.
Focusing on biofilm, significantly less bacteria adhered on aged A0, Al
and A6 compared to non-aged (Fig. 3B) while no significant difference
was detected for A2, A3 and A4. Finally, A5 was the only alloys for
which the adherent bacteria number was significantly higher on aged
samples. These results suggest that various alloys react differently to
recurrent disinfection.
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Fig. 2. Biofilm formation on a range of copper alloys. Number of adhered bacteria of (A) MRSA and (B) PA. For both strains, the number of adhered bacteria on every
copper alloy was significantly lower than on SS. * indicate a significant statistical difference compared to AO.
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Fig. 3. Effects of artificial aging on antibacterial and antiadhesive activities of metallic samples against MRSA. (A) Determination of basic antibacterial activity of SS
and A0 by numeration of remaining bacteria on non-aged (blue points) or aged (green squares) samples after a 2 h contact. (B) Determination of the antiadhesive
activity of all the alloys by numeration of adhered bacteria on non-aged (blue points) or aged (green squares) samples after 24 h in TSB. * indicate significant

differences between aged and non-aged samples.
4. Conclusion

Very specific artificial conditions were settled to challenge the bio-
film formation on copper. The activity against biofilm formation was
highlighted for all the seven copper alloys. However, some alloys,
especially A4, presented a stronger antibiofilm activity against both
bacterial strains and an improvement of this activity through repeated
disinfection. As the percentage of copper in the alloy is not the only
important parameter, studies exploring various alloy compositions will
be welcomed to unravel the effect of minor compounds on antibacterial

and antibiofilm properties. Some copper alloys appear as promising
candidates and the selection of the best alloy is thus essential to fight
against biofilm formation on healthcare touch surfaces.
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