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Abstract
Background: Prevention of nosocomial infections continues to be crucial
to ensure patient safety and improve healthcare outcomes. In this re-
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gard, surface contamination plays an important role in the undetected
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transmission of nosocomial pathogens as a continuous, sporadic event
Carsten Gebert4or in the context of outbreaks. However, the impact of reducing bacterial

contamination through copper-coated surfaces remains controversial. Karsten Becker1
Methods: A pilot study was set up in a blinded, randomized controlled
design to elucidate the antimicrobial activity of door handles coated
with a copper-nickel alloy. Twelve doors in a specialized department of 1 Friedrich Loeffler-Institute of

Medical Microbiology,tumor and revision surgery of a German orthopedic hospital were ran-
University Medicinedomly selected to install visually indistinguishable stainless-steel door
Greifswald, Greifswald,
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handles, either without coating (control group, n=6) or with an alloy
coating consisting of 30% copper and 70% nickel (study group, n=6).
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Patients, all involved personnel and investigators were blinded with re-
gard to the assignment of door handles. Door handles were sampled

Hospital Münster, Münster,
Germany

for viable microorganisms at 24 h after disinfection by (i) consecutive
use of wet and dry swabs and (ii) contact agar slides. Bacterial growth
was detected and bacteria were identified using MALDI-TOF mass 3 Institute of Biostatistics and

Clinical Research, Universityspectrometry. In addition, contamination kinetics of door handles were
of Münster, Münster,
Germany

determined by ATP measurement at time points 0 h, 1 h, 2 h, 4 h, 8 h,
12 h and 24 h after disinfection. Each technique was used on three
subsequent days. 4 Department of Tumor and

Revision Surgery, OrthopedicResults: Using swab method, the mean total number of colony forming
units (cfu) of control and copper-nickel alloy surfaces was 2.14 cfu/cm2 Hospital Volmarstein, Wetter,

Germanyand 0.67 cfu/cm2, respectively, yielding a difference of 68.7% (p=0.27).
Bacterial counts from contact agar slide samples resulted in 0.86
cfu/cm2 on control and 0.6 cfu/cm2 on coated door handles which
equals a difference of 30.2% (p=0.31). ATP bioluminescencemeasured
over three subsequent days from coated door handles showed a de-
creased bioburden by 70.8%, 23.1%, 55.5%, 79.7%, 45.9%, 56.0%,
and 68.3% of relative light units compared to control door handles at
time points 0 h (before disinfection), 0 h (after disinfection), 1 h, 2 h,
4 h, 8 h, and 12 h, respectively. Statistically significant differences
(p<0.05) were obtained for time points 4 h and 12 h.
Conclusion: Our data indicate a trend of reduced bacterial and overall
bioburden on copper-nickel-coated door handles. Further, larger ran-
domized controlled trials are warranted to investigate the influence of
copper-coated surfaces on the prevention of hospital-acquired infections.
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Zusammenfassung
Hintergrund: Die Prävention nosokomialer Infektionen ist nach wie vor
von entscheidender Bedeutung zur Gewährleistung von Patientensicher-
heit und Gesundheitsversorgung. Hierbei spielen Oberflächenkontami-
nationen eine wichtige Rolle bei der unentdeckten Übertragung noso-
komialer Pathogene sowohl als wiederkehrendes sporadisches Ereignis
als auch im Rahmen von Ausbrüchen. Der Einfluss der Verringerung
der bakteriellen Kontamination von kupferbeschichteten Oberflächen
auf die Prävention nosokomialer Infektionen ist jedoch umstritten.
Methode: Zur Untersuchung der antimikrobiellen Aktivität von Türgriffen,
die mit einer Kupfer-Nickel-Legierung beschichtet sind, wurde eine Pi-
lotstudie in einem verblindeten, randomisiert- kontrollierten Design
durchgeführt. Zwölf Türen in einer Fachabteilung für Tumor- und Revisi-
onschirurgie eines deutschen orthopädischen Krankenhauses wurden
nach dem Zufallsprinzip ausgewählt, um optisch nicht unterscheidbare
Türgriffe aus Edelstahl entweder ohne Beschichtung (Kontrollgruppe,
n=6) oder mit einer Legierungsbeschichtung aus 30% Kupfer und 70%
Nickel (Studiengruppe, n=6) zu installieren. Die Patienten, das gesamte
beteiligte Personal und die Prüfer waren hinsichtlich der Zuordnung der
Türklinken verblindet. Die Türgriffe wurden 24 h nach der Desinfektion
mittels konsekutiver Verwendung von nassen und trockenen Tupfern
sowie Kontaktagar auf lebensfähige Mikroorganismen untersucht. Die
Probenwurden auf bakteriellesWachstumuntersucht und angezüchtete
Mikroorganismen wurden mittels MALDI-TOF-Massenspektrometrie
identifiziert. Darüber hinaus wurde die Kontaminationskinetik von Tür-
griffen durch ATP-Messung zu den Zeitpunkten 0 h, 1 h, 2 h, 4 h, 8 h,
12 h und 24 h nach Desinfektion bestimmt. Jedes Verfahren wurde an
drei aufeinander folgenden Tagen angewandt.
Ergebnisse: Unter Verwendung der Tupfer-Methode betrug die mittlere
Gesamtzahl der koloniebildenden Einheiten (KBE) auf den Oberflächen
der Kontroll-Türgriffe und der Türgriffe mit Kupfer-Nickel-Legierung 2,14
cfu/cm2 bzw. 0,67 cfu/cm2, was einer Reduktion um 68,7% entspricht
(p=0,27). Die ermittelten KBE der Kontaktagarproben umfassten 0,86
cfu/cm2 auf den Türgriffen der Kontrollgruppe und 0,6 cfu/cm2 auf den
beschichteten Türgriffen, was einer Differenz von 30,2% entspricht
(p=0,31). Die ATP-Biolumineszenz, die über drei aufeinanderfolgende
Tage an den beschichteten Türgriffen gemessen wurde, zeigte eine
Verringerung der bakteriellen Belastung um 70,8%, 23,1%, 55,5%,
79,7%, 45,9%, 56,0% und 68,3% der relativen Lichteinheiten (RLU) im
Vergleich zu den Kontrolltürgriffen zu den Zeitpunkten 0 h (vor der
Desinfektion), 0 h (nach der Desinfektion), 1 h, 2 h, 4 h, 8 h und 12 h,
wobei für die Zeitpunkte 4 h und 12 h signifikante Unterschiede (p<0,05)
in den RLU ermittelt wurden.
Schlussfolgerung: Kupfer-Nickel-beschichtete Türgriffe zeigten im Ver-
gleich zur Kontrollgruppe eine Tendenz sowohl zur Verringerung der
bakteriellen Belastung als auch der Gesamtbelastungmit organischem
Material. Ob die reduzierte bakterielle Belastung auf den Türklinken
zur Prävention nosokomialer Infektionen beiträgt, kann nur durch auf-
wendige epidemiologische Studien geklärt werden.

Schlüsselwörter: Kupfer, antimikrobielle Aktivität, Türgriff, klinisches
Setting, randomisierte kontrollierte Studie
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Introduction
Healthcare-associated infections (HAIs) affect approxi-
mately 4.1 million acute care patients in the European
Union alone annually resulting in about 37,000 deaths
directly attributable to HCAIs [1]. These and comparable
estimates in other countries reflect a high disease and
socioeconomic burden. Strategies to combat HCAIs are
therefore warranted, especially given the increase of an-
tibiotic resistant pathogens. Heavymetals andmetalloids
such as arsenic, copper, manganese, mercury, silver and
zinc have long been used as antimicrobial agents in hu-
man and veterinary medicine [2], [3].
One promising approach of decreasing bacterial burden
in healthcare facilities is coating hard surfaces as well
as bed linens and clothes with continuously active antimi-
crobial metals. Copper, as one of these self-sanitizing
metals, has long been shown to possess strong antimi-
crobial activity and to be effective in reducing colonization
of abiotic surfaces and HCAIs with resistant organisms
in various hospital settings [4], [5], [6], [7], [8], [9], [10],
[11]. Inactivation of microorganisms is also achieved by
using copper alloys, depending on the percentage of
copper in the alloy [5], [12], [13], [14]. In 2008, the U. S.
Environmental Protection Agency (EPA) registered copper
surfaces as antimicrobial material [15] and, recently, EPA
announced that it has registered copper alloys that have
shown effectiveness against viruses, including
SARS-CoV-2 [16]. Otherwise, study results have also been
reported that have not demonstrated a reduction in HCAIs
with the use of copper [17] and a recent meta-analysis
has found only low-quality evidence of potential clinical
significance [18]. However, the studies were frequently
limited by lack of randomization, incomplete blinding,
weak study design and/or high risk of bias and larger
clinical trials on the impact of copper treatment are re-
quested [7], [17], [18], [19], [20], [21], [22], [23], [24],
[25].
In this pilot study, we applied a blinded randomized
design to assess the microbial burden and overall con-
tamination of copper-nickel alloy-coated and control door
handles in a hospital setting.

Methods

Study design

The study was performed at the Department of Tumor
and Revision Surgery in the Orthopaedic Hospital Vol-
marstein, Wetter, Germany. The investigators, hospital
staff and patients were blinded regarding the assignment
of coated and control door handles. As control for the
efficacy of the applied disinfectant (Terralin® protect-
solution, Schülke &May, Norderstedt, Germany), all study
door handles (Häfele, Nagold, Germany) were disinfected
on the first day of each study week and sampled after
the required exposure time had elapsed. Study samples
were taken three days in a row at the same time of day.

After each swab and contact slide sample acquisition as
well as after the last ATPmeasurement, the door handles
were disinfected according to the local hygiene plan. No
further cleaning or disinfection of the door handles in-
cluded in this study was executed by maintenance and
hospital staff during the study interval.
To avoid differences in behavior of patients, visitors and
hospital staff, and to prevent biases introduced by the
investigators, we used the stainless-steel door handles
with the copper-nickel cation coating (n=6) (Alasept,
Häfele, Nagold, Germany) which does not change the
visible appearance of the door handle; therefore, treat-
ment and control stainless-steel door handles without
coating (n=6) were visually indistinguishable. Three differ-
entmethodswere applied to determine the environmental
burden of the door handles: Swabbing with subsequent
cultivation, direct sampling using contact slides, and ATP
bioluminescence measurements which detect ATP-con-
taining organic residues.

Double swab technique

Two Quick Swabs (3M, Neuss, Germany) were used to
sample each door handle. The first sample was taken
with a wet swab, i.e. after the neutralizing buffer-contain-
ing cap was snapped off and had soaked the material.
Then, the swab was streaked horizontally over the door
handlemultiple times while constantly being rotated. The
remaining surface was sampled by vertically moving the
swab in a meandering pattern along the door handle and
afterwards placed it back into its sample tube. The pro-
cedure was repeated with the second, dry swab; after
being placed back into its sample tube, the buffer-con-
taining cap was torn off and the material soaked.
The sample tubes were vortexed for two minutes.
Physiological saline solution was used to prepare 1:10,
1:100, and 1:1000 dilutions of the buffer of the original
sample in a total volume of 1 mL. One blood, three brain-
heart-infusion (BHI) and one Schaedler agar plate (all BD,
Heidelberg, Germany) were inoculated with 100 µL of the
original sample and its dilutions. Incubation temperature
for all plates was 37°C. The Schaedler agar plate was
incubated in an anaerobic jar using AnaeroGen sachets
(Oxoid Deutschland, Wesel, Germany) and examined for
a first colony count after 72 h; first colony counts for the
blood and BHI agar plates were performed after 24 h. A
final colony count on all plates was performed after five
days of incubation. Bacterial colonies were isolated,
identified using matrix-assisted laser desorption/ioniza-
tion time-of-flight mass spectrometry (MALDI-TOF MS;
Bruker Daltonics, Bremen, Germany) and frozen at
–80°C.

Contact slide method

Two HYCON® contact slides (Merck KGaA, Darmstadt,
Germany) were used including a tryptic soy agar for de-
termination of total bacterial count (type TC) and a sheep
blood supplemented agar for fastidious bacteria (type B).
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Contact slides were consecutively placed on the top left
(type TC) and top right (type B) side of the door handle,
wrapped around it and removed. They were placed back
into their respective boxes and sealed for transport. The
contact slides were incubated for 24 h at 37°C before
the first colony count; after four more days, a final colony
count was performed and bacterial colonieswere isolated.
Isolates were frozen at –80°C after identification by
MALDI-TOF MS.

ATP-bioluminescence assay

Samples for bioluminescence measurements using the
Clean-Trace™ NG luminometer were taken with Clean-
Trace™ surface swabs (both 3M Deutschland GmbH,
Neuss, Germany) at time points 0 h (before disinfection),
0 h (after disinfection), 1 h, 2 h, 4 h, 8 h, and 12 h. The
measurements were performed according to the manu-
facturer’s instructions. To avoid the impact of sampling-
induced “cleaning” effects on the results, the surface of
each door handle was divided into six identical areas.
These were sampled in a randomly allocated sequential
order. The whole door handle was sampled at 0 h before
disinfection.

Statistical evaluation

Generalized estimating equations (GEE) including Wald
statistics were used to control for the clustering of bac-
terial counts within door handles type over the three-day
sampling time and to analyze a possible relationship
between allocation or sampling day [26].

Results

Double swab technique

The results for the double swab technique yielded values
ranging from 0 cfu/cm2 to 27.25 cfu/cm2 with a mean of
2.14 cfu/cm2 (median 0.56 cfu/cm2, standard deviation
3.56 cfu/cm2) for the uncoated door handles.
The coated door handles tested with the double swab
technique were found to be colonized by 0.02 cfu/cm2

to 3.98 cfu/cm2 with a mean of 0.67 cfu/cm2 (median
0.56 cfu/cm2, standard deviation 0.54 cfu/cm2). The
differences did not reach statistical significance (p=0.27).
The means and standard error of the means (SEM) of
uncoated and coated door handles examined with the
double swab technique are shown in Figure 1.

Contact slide method

The results for the contact slide method yielded results
ranging from 0.04 cfu/cm2 to 3.3 cfu/cm2 with a mean
of 0.86 cfu/cm2 (median 0.77 cfu/cm2, standard deviation
0.59 cfu/cm2) for the uncoated door handles.
The coated door handles tested with the contact slide
method were colonized by 0.01 cfu/cm2 to 1.7 cfu/cm2

with a mean of 0.6 cfu/cm2 (median 0.47 cfu/cm2,
standard deviation 0.34 cfu/cm2) (Figure 2). The differ-
ences did not reach statistical significance (p=0.31).

ATP-bioluminescence assay

The measurements for the ATP-bioluminescence assay
for the uncoated door handles ranged from 5 relative
light units (RLU) to 33,760 RLU (day 1), 30 RLU to 24,984
RLU (day 2), and 114RLU to 4,875 RLU (day 3); measure-
ments from coated door handles ranged from 11 RLU to
1,684 RLU (day 1), 29 RLU to 7,111 RLU (day 2), and 91
RLU to 3,173 RLU (day 3).
ATP bioluminescence measured over three subsequent
days from coated door handles showed a decreased
bioburden by 70.8% (p=0.13), 23.1% (p=0.23), 55.5%
(p=0.05), 79.7% (p=0.19), 45.9% (p=0.03), 56.0%
(p=0.18), and 68.3% (p=0.004) of relative light units
compared to control door handles at time points 0 h
(before disinfection), 0 h (after disinfection), 1 h, 2 h, 4 h,
8 h, and 12 h, respectively. Hence, statistically significant
differences (p<0.05) were obtained for time points 4 h
and 12 h.
The results for uncoated and coated door handles ex-
amined with the ATP-bioluminescence assay are shown
in Figure 3 and Figure 4; the former depicts every time
pointmeasured, the latter shows the summary of all time
points. In Figure 5, all measurements from uncoated and
coated door handles are shown.

Identification by MALDI-TOF MS

Using MALDI-TOF MS, the cultured bacteria from the
double swab technique and the contact slide method
were identified: Staphylococcus hominis and S. epi-
dermidisweremost abundant species isolated from both
coated and uncoated door handles (0.29 vs. 0.35 cfu/cm2

and 0.23 vs. 0.27 cfu/cm2, respectively), followed byMi-
crococcus luteus (0.10 cfu/cm2), S. haemolyticus (0.08
cfu/cm2), and Acinetobacter pittii (0.07 cfu/cm2) for the
coated door handles and S. saprophyticus (0.12 cfu/cm2),
S. haemolyticus (0.10 cfu/cm2) and Corynebacterium
tuberculostearicum (0.10 cfu/cm2) for the uncoated door
handles (Figure 6).

Discussion
Heavy metals andmetalloids as well as the technological
advancement towards metal and metal oxide-based
nanoparticles for better delivery of the metals are known
for their non-specific antimicrobial activities with a broad
spectrum of activity, which fosters their use as antimicro-
bial substrates for variousmedical applications [27], [28],
[29]. This study used a blinded, randomized controlled
design to investigate the impact of copper surfaces in a
clinical setting. The data indicate an effect on the overall
colonization and organic burden of door handles depend-
ing on the surface material. This is in agreement with
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Figure 1: Means and standard error of the means of microbial load (cfu/cm2) found using the double swab technique. Samples
were taken on three subsequent days from six uncoated (black circles) and six copper-nickel-coated (gray squares) door handles.

Figure 2: Means and standard error of the means of microbial load (cfu/cm2) found using the contact slide method. Samples
were taken on three subsequent days from six uncoated (black circles) and six copper-nickel-coated (gray squares) door handles.

most publications to date that assessedmicrobial burden.
There are some aspects, however, in which our findings
differ from previously published data. Salgado and col-
leagues, for instance, found that the cumulative burden
in rooms with copper-surfaced objects showed a 0.76 log
(about 5.75-fold) reduction compared to rooms without
these objects [7]; and while our data show a trend of
decreased bacterial colonization, we did not observe a
reduction of this magnitude. The findings of Casey et al.
whose copper-containing items harbored between 90%
and 100% fewermicroorganisms are closer to our results
[4] but they report that 5/10 control sample points and
none of the copper points failed the benchmark values
for hand contact surfaces of a total aerobic colony count
of <5 cfu/cm2 [30], [31]. In our study, this target was
failed only once by a control door handle.
These discrepancies can have several reasons: One ex-
planation could be that most of the previous studies did
not include door handles, although they examined fre-
quently touched surfaces in hospitals and patient rooms.
Additionally, the coating used in the present study was
an alloy of 30% copper and 70% nickel. In the USA, how-
ever, the copper alloy group with the lowest copper per-

centage registered with the Environmental Protection
Agency (EPA) is 60%. The comparatively low contamina-
tion of control door handles could be due to the setting
which is in this case an orthopedic ward and not an acute
medical ward or intensive care unit as is the case inmany
other studies performed in hospital settings [4], [5], [6],
[7]. The low contamination of the door handles in the
control group also indicates very good implementation
of hand hygiene measures by medical staff and patients
as well as of disinfection measures and underlines their
importance [32], [33].
In the meantime, numerous studies have underlined the
antibacterial effect of copper surfaces, including against
multidrug-resistant organisms (MDROs), in the clinical
environment [34], [35], [36]. Also other strategies in
surface chemistry have been proposed such as hydrogel-
coated antibacterial surfaces and they have been recog-
nized as an effective strategy to reduce bacterial coloni-
zation [37]. As an example, respective hydrogels were
developed combining the superhydrophilic and antifouling
nature of an polysulfobetaine network with the antibac-
terial effects of copper ions [38].
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Figure 3: Means and standard error of the means of ATP-bioluminescencemeasurements over three days. Samples were taken
from six uncoated (black) and six copper-nickel-coated (gray) door handles. “before”: before disinfection; “after”: after disinfection.

Figure 4: Means and standard error of the means of ATP-bioluminescence measurements at measured time points over three
days. Samples were taken from six uncoated (black) and six copper-nickel-coated (gray) door handles. Statistically significant

differences (p<0.05) were found for time points 4 h and 12 h. “before”: before disinfection; “after”: after disinfection.

The statistically significant differences at time points 4 h
and 12 h obtained with the ATP-bioluminescence assay
indicate accordance with findings fromMikolay et al. who
found delayed recolonization of copper-containing alloys
[39]. The relatively small sample size in this pilot study
might be the reason why other time points did not show
statistical significance but rather only a trend towards
decreased bioburden. Notably, all three sampling meth-
ods used in this study, similarly indicated reduced bacteri-
al or overall bioburden on coated door handles.

While the data of other authors show that overall coloni-
zation and especially colonizationwithMDROs in intensive
care units and other specialized wards is significantly
decreased by using copper-coated surfaces and items,
the findings of our study – despite its small sample size
– indicate that the microbial burden in a standard ward
in Germany can be well within limits even without copper-
coated door handles. A recent study emphasized that the
efficacy of copper surfaces is greatly influenced by the
frequency of cleaning and disinfection, with the greatest
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Figure 5: Means and standard error of the means of ATP-bioluminescencemeasurements over three days. Samples were taken
from six uncoated (black) and six copper-nickel-coated (gray) door handles.

Figure 6: Most abundant bacterial species isolated by contact slide method and double swab technique from coated and
uncoated door handles.

benefit expected in areas where cleaning is challenging
[14]. It should also be taken into account that exposure
to copper can facilitate antibiotic resistance development
[40], [41]. It is known for copper and other heavy metals
(e.g. cadmium, chromium, zinc, and vanadium) as well
as metalloids (arsenic) that the selection of antibiotic-
resistant bacteria can be influenced by them through co-
selective and cross-resistance processes [42], [43], [44].
Some of them are permitted as additives in animal feed
to promote growth and combat diarrhea [45]. So it is
worrying that copper tolerance has been described in
bacteria from fresh produce [46], especially considering
possible co-resistances with classical antibiotics. This
has been shown, e.g., for copper resistance in enterococci
associated with macrolide and glycopeptides resistance
[47] and zinc resistance linked to staphylococcal methi-
cillin resistance [48]. Possible heavy metal resistance of
bacterial species could also be of importance in human
medicine, as somemedical products such as nasal sprays

and antiseptic solutions contain heavy metals and im-
planted metallic medical devices release metals at the
site of implantation [49]. Recent outbreaks with mul-
tidrug-resistant and hypervirulentKlebsiella pneumoniae
lineages carrying several plasmid-encoded genes respons-
ible for heavy metal resistance such as ars (arsenic/anti-
mony resistance), sil (silver resistance), and pco (copper
resistance) emphasize the importance of this problem
[50].

Limitations

Our study has some limitations; the most important of
which is the small sample size. However, the number of
installed coated and uncoated door handles reflects the
size of the orthopedic unit in which the study was per-
formed. As a result, the influence of random differences
in the frequency of use of the individual door handles
may have a particular effect. Compared to the size of
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other surfaces in a hospital environment, door handles
only account for a small portion, so their influence on the
HAI rate may generally appear low. However, as “high-
touched surfaces”, door handles in hospitals constitute
a surface that is heavily used by medical and technical
staff, patients and visitors, and therefore require special
attention as part of hygiene measures [51], [52]. In addi-
tion to reducing bacterial contamination through surface
coating, non-contact door opening systems can also be
a successful strategy for preventing pathogen transmis-
sion [53]. Our study only addressed a single aspect of
the variety of measures to prevent nosocomial infections.
However, it has been shown that multimodal strategies
with bundled approaches are the best way to achieve a
sustainable reduction in healthcare-associated infections
[54], [55].

Conclusions
Randomized controlled trials in clinical settings are
needed to prove, whether the observed trend of reduced
microbial burden on copper surfaces leads to a decrease
of HAIs. Furthermore, studies investigating induced resis-
tance to copper and antibiotics are warranted to elucidate
and possibly exclude any undesired effects on MDRO
selection.
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