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Objective: We aimed to study the efficacy of copper as an antimicrobial agent by comparing incidence
rates during outbreaks in areas equipped vs not equipped with copper surfaces in a long-term facility for
dependent elderly persons (nursing home).

Design: Prospective observational pilot study in a nursing home.

Setting and participant: All persons resident in the nursing home belonging to a University Hospital, from
February 1, 2015, to June 30, 2016, were included.

Methods: Incidence rates for health care—related infections during outbreaks occurring during the study
period were compared between the wing that was equipped and the wing that was not equipped with
copper surfaces. Results are expressed as relative risks (RRs) and 95% confidence intervals (95% CIs).
Results: During the study period, 556 residents were included; average age was 85.4 4+ 9.2 years, 76%
were women. Four outbreaks occurred during the study period: 1 influenza, 1 keratoconjunctivitis, and 2
gastroenteritis outbreaks. The risk of hand-transmitted health care—associated infection was signifi-
cantly lower in the area equipped with copper surfaces (RR 0.3, 95% CI 0.1-0.5).

Conclusion: and implication: In our study, copper was shown to reduce the incidence of hand-
transmitted health care—associated infections and could represent a relatively simple measure to help
prevent HAls in nursing homes.

© 2019 Published by Elsevier Inc. on behalf of AMDA — The Society for Post-Acute and Long-Term Care

Medicine.

The antimicrobial properties of copper have been used for thou-
sands of years and by many human civilizations, for a variety of uses,
from the sterilization of drinking water to the topical treatment of leg
ulcers.!

In more recent times, copper has been used to control nosocomial
infections.? It has been suggested that copper should be used to coat
contact surfaces.> 2° Indeed, solid surfaces can act as a reservoir for
pathogens, thereby participating in the transmission of infections by
hand contact. In vitro, copper surfaces show effectiveness against a
large variety of pathogens (ie, bacteria, virus, and fungi).?

Few studies have investigated the efficacy of copper as a contact
surface in reducing health care—associated infections (HAIs) from a

The authors declare no conflicts of interest.

* Address correspondence to Sarah Zerbib, Reims University Hospitals, Robert
Debré Hospital, Department of Research and Innovation, Rue du Général Koenig -
F51092 Reims, France.

E-mail address: szerbib@chu-reims.fr (S. Zerbib).

https://doi.org/10.1016/j.jamda.2019.02.003

clinical point of view, and fewer were interventional studies.5®%1"1? A

randomized, multicenter study in the intensive care unit by Salgado
et al’ showed that patients cared for in areas with copper alloy sur-
faces had a significantly lower risk of nosocomial infection. A quasi-
experimental study by Von Dessauer et al® showed a numerical,
although not statistically significant, reduction in HAIs in patients
assigned to rooms with copper surfaces.

Therefore, the role of copper in the prevention of HAIs remains to
be clarified, with conflicting results existing in the literature.
Furthermore, existing studies were mainly performed in intensive
care units in the hospital setting. To our knowledge, no study to date
was performed in the setting of a long-term care facility for dependent
elderly persons (nursing home). Indeed, elderly populations (older
than 65 years) are at risk for susceptibility to HAIs, with a 15-fold
increase in infections in patients hospitalized for more than 30 days,
compared to those whose hospital stay lasts only 2 to 7 days.”!

Against this background, we aimed to investigate the efficacy of
copper as an antimicrobial agent by comparing incidence rates of

1525-8610/© 2019 Published by Elsevier Inc. on behalf of AMDA — The Society for Post-Acute and Long-Term Care Medicine.
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infection during outbreaks between an area equipped and an area not
equipped with copper surfaces in a nursing home setting.

Methods

We performed a prospective, longitudinal, observational pilot
study in a nursing home operating under the auspices of a University
Hospital.

Study Population

All patients residing in the nursing home during the period from
February 1, 2015, to June 30, 2016, were included in the study.

Study Intervention

The nursing home had a capacity of 362 beds in total. The buildings
of the nursing home comprise 2 distinct wings (AB wing and CD
wing), each with 3 floors. Units A and B occupy the right wing, and
Units C and D occupy the left wing. On each floor, there are areas that
are common to both wings, such as dining rooms, game rooms and
outdoor areas (patio, depending on the floor) (Supplementary
Material).

The CD wing was randomly chosen to be equipped with antimi-
crobial copper surfaces. The premises were equipped from April 2014
onwards with 438 door handles, 322 m of handrails, and 10 grab-bars
in copper alloy (containing from 80% to 90% copper).

Data Recorded

During the study period, the outbreaks that occurred were recor-
ded by noting the start date of symptoms for each individual. Out-
breaks were defined as the onset of grouped cases with similar
symptoms, that is, the occurrence of at least 5 cases in 4 days.??

All diagnoses were made by the physician in the nursing home.

All biological samples were analyzed in the Virology and Bacteri-
ology Laboratory of a University Hospital for identification of the
causal pathogen.

For each patient, we also recorded, sex, age, length of stay before
inclusion in the study, occurrence of infection (yes/no) and, if yes, the
type of infection.

Statistical Analysis

Incidence rates of HAIs with 95% confidence intervals (Cls) were
calculated in each wing, for each outbreak individually, and overall for
all outbreaks observed during the study period, and also grouping
only outbreaks caused by hand-transmitted pathogens. When the
causal germ was not identified, we recorded the average incubation
period for the germ most frequently encountered in that type of
outbreak.>>?*

For the calculation of incidence rates, the numerator was the
number of new cases for each outbreak and the denominator was the
theoretical duration of exposure to the infection expressed in person-
days. The start of the exposure period for noninfected residents was
the date of the first case minus the duration of incubation of the causal

germ. The end of the exposure period was the date of the last case plus
the duration of incubation of the causal germ.”>~?° For cases, the
duration of exposure was from the date of the first case minus the
duration of incubation of the causal germ up to the date of onset of
symptoms.

The relative risk was calculated as the ratio of the incidence of
outbreaks in the wing equipped with copper surfaces to the incidence
of outbreaks in the wing not thus equipped. The 95% confidence in-
tervals of the relative risk were calculated according to Katz’s
method.?® When the incidence rate in a wing was equal to zero (ie, no
cases), we estimated the relative risk by calculating the incidence rate
with a single case as the numerator.

Quantitative variables were described as mean + standard devia-
tion, and qualitative variables as number (percentage). Qualitative
variables were compared using the chi-square test, with Yates
correction when necessary according to the conditions of application.
A P value <.05 was considered statistically significant. All analyses
were performed with SAS version 9.4 (SAS Institute, Inc, Cary, NC).

The evaluation presented here was conducted independently by
members of the Research Center of a University Hospital, after having
warned a priori the company of the realization of this project.

Results

During the study period, 556 residents were included in the study;
289 in the AB wing, 72% of whom were women, and 267 in the CD
wing, among whom 79% were women. The mean age of the AB wing
was 85.4 + 9.6 years vs 85.4 + 8.8 in the CD wing. The average length
of stay prior to inclusion was 2.8 + 3.2 years in the ABwing vs 3.1 5.4
in the CD wing. For all these characteristics, the differences between
the 2 wings appeared nonsignificant.

Overall, during the study period, there were 4 documented out-
breaks: flu in February 2015, keratoconjunctivitis in November 2015,
gastroenteritis in March 2016, and gastroenteritis again in June 2016
(characteristics of the outbreaks detailed in Table 1).

The pathogens identified were Influenza A virus for outbreak 1, and
Norovirus for outbreak 4. No germ could be positively identified for
outbreaks 2 (keratoconjunctivitis) and 3 (gastroenteritis). It was thus
assumed that the responsible pathogens were those most frequently
encountered in these infections, namely, Adenovirus and Norovirus,
respectively.

For outbreak 1 (flu), the risk of infection was significantly increased
among patients residing in the wing equipped with copper surfaces
(Table 2). For outbreaks 2 and 3 (keratoconjunctivitis and gastroen-
teritis), the risk of infection was significantly lower in the wing
equipped with copper surfaces (Table 2).

Finally, for outbreak 4 (gastroenteritis), there was no significant
difference in the risk of infection between the wing equipped vs the
wing not equipped with copper surfaces (Table 2).

Considering all 4 outbreaks together, there was no significant dif-
ference in the risk of infection between wings. Conversely, when
considering only the 3 outbreaks caused by hand-transmitted path-
ogens, there was a significant decrease in the risk of infection in the
wing equipped with copper surfaces (relative risk 0.3, 95% confidence
interval 0.1-0.5) (Table 2).

Table 1
Description of Outbreaks Occurring During the Study Period
Outbreak Disease Causal Pathogen Number of Cases Number of Samples Number of Samples Positive Duration, d
1 Flu Influenza A 18 11 4 6
2 Keratoconjunctivitis Non identified 19 6 0 12
3 Gastroenteritis Non identified 10 2 0 3
4 Gastroenteritis Norovirus 26 4 1 8
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Table 2

Incidence Rates and Relative Risks for Infection in the Wing Equipped (CD Wing) vs the Wing Nonequipped (AB Wing) With Copper Surfaces
No. Outbreak AB Wing (Not Equipped) CD Wing (Equipped) RR (95% CI) P

Cases IR* (95% CI) Cases IR* (95% CI)

1 Influenza A 1 0.1 (0-0.2) 17 1.1 (0.6-1.7) 21.0 (2.8-158.2) <.001
2 Adenovirus 19 0.3 (0.2-0.5) 0 — 0.1 (0.01-0.5)" <.001
3 Norovirus 10 1.0 (0.4-1.7) 0 — 0.1 (0.02-0.9)' .03
4 Norovirus 15 0.7 (0.4-1.1) 11 0.6 (0.3-1.0) 0.9 (0.4-1.9) .88
1,2,3,4 All outbreaks 45 0.04 (0.03-0.06) 28 0.03 (0.02-0.04) 0.7 (0.4-1.1) 14
2,3,4 Hand-transmitted only 44 0.09 (0.06-0.12) 11 0.02 (0.01-0.04) 0.3 (0.1-0.5) <.001

IR, incidence rate; CI, confidence interval; RR, relative risk.
*Incidence rates are expressed per 100 person-days.

"The RR was calculated on the basis of a single case in the wing nonequipped with copper surfaces.

Discussion

Our study shows a protective effect of copper surfaces against the
risk of HAIs, but only (and quite logically) those caused by hand-
transmitted pathogens (gastroenteritis and keratoconjunctivitis).

Regarding the flu outbreak, the results not only show that there is
no protective effect of copper surfaces but actually suggest the
opposite. Although copper has been shown to be efficacious against
the Influenza A virus in vitro,”’ transmission of the flu is predomi-
nantly airborne.?® It is therefore unsurprising that copper surfaces
should afford no protection, especially given that the point source was
the wing that was equipped with copper surfaces.

As for the second (keratoconjunctivitis) and third outbreaks
(gastroenteritis), the risk of infection was significantly lower in the
wing equipped with the copper surfaces, with all infections occurring
exclusively in the other wing. Indeed, it has previously been reported
that biocidal surfaces made of, or containing, copper can reduce the
microbiological burden, including efficacy against Adenovirus>®272°
and Norovirus.*°

The last outbreak (gastroenteritis), confirmed by to be caused by
Norovirus, occurred simultaneously in both wings, with 15 cases in
the wing nonequipped with copper surfaces vs 11 in the equipped
wing, yielding a non—statistically significant difference.

When we analyzed all outbreaks together, there was no significant
difference between copper-equipped and nonequipped wings in
terms of risk of infection, which is likely driven by the inclusion of the
airborne infection (flu), where the majority of cases occurred in the
copper-equipped wing. Conversely, when the risk of infection was
analyzed only for outbreaks caused by hand-transmitted pathogens,
there was a clear and significant reduction in risk in the copper-
equipped wing, confirming the protective effect of copper surfaces
against hand-transmitted infections.

The results of our study are coherent with the largest interven-
tional study to date to investigate the effectiveness of copper-
impregnated composite hard surfaces and linens in an acute care
hospital to reduce HAIs. In that study, Sifri et al® assessed the devel-
opment of HAIs due to multidrug-resistant organisms, and in partic-
ular Clostridium difficile, in acute care units of a community hospital.
No change was observed in the rate of infections in the nonequipped
wing, whereas there was a significant, 78% reduction in the rate of
HAIs in the copper-equipped wing.

Salgado et al reported similar findings,® but in a multicenter study
of 3 intensive care units in the United States, the authors reported a
significant reduction in the rate of HAIs, from 8.1% in nonequipped
rooms to 3.4% in equipped rooms (P < .02).

In our study, the geographical structure of the nursing home, with
2 distinct wings that shared certain common areas, presented the
advantage of being able to investigate the spread of outbreaks in each
wing separately. In addition, to our knowledge, this is the only study to
have been performed in a nursing home, which offers an opportunity

to study other pathogens than those commonly observed in inter-
ventional studies performed in intensive care units. Indeed, in
hospital-based studies, the majority of infections were bacterial,
particularly methicillin-resistant Staphylococcus aureus, vancomycin-
resistant Enterococcus or Clostridium difficile.>®” In our study, the
outbreaks were of viral origin, and copper has also been shown to be
efficacious against viruses.?’

A further strongpoint of our study is that it directly assessed HAISs,
and not simply bacterial samples for culture. Indeed, the majority of
studies on the utility of copper contact surfaces in the health care
environment used a biological endpoint that measured bioburden as
assessed by colony-forming units, without taking clinical criteria into
account 457:1013-19.29

Nonetheless, our study has some limitations. We do not have data
relating to comorbidities or nutritional status in the residents of the
nursing home at the time of the study, which may have been potential
risk factors favoring the onset of infection in these subjects.’’
Consequently, this may have introduced bias in the analysis of the
rate of infection. We also lack data in this study about potential con-
founders due to the health care personnel, such as the number of staff
assigned to each wing, and the frequency with which the staff could
switch wings, or whether the staff scrupulously respected the stan-
dardized precautions and hygiene measures to limit the spread of
infection. In case of outbreaks, hygiene recommendations, informa-
tion to visitors and cleaning protocols are identical for both wings.

A further limitation of this study is the absence of microbiological
confirmation of the causal agent for all outbreaks. Indeed, in practice,
patients did not systematically undergo sampling for identification of
the germ responsible for infection, and only a low number of the
samples that were taken actually returned a positive result.

Finally, another potential limitation for results extension could be
the cost of copper equipment. To get an idea, the price of a copper
handrail is €200/m vs €40/m for a standard stainless steel handrail
and €75 for copper door handles vs €20 for a standard stainless steel
door handle.

Conclusion and Implication

In conclusion, our study shows that copper surfaces help to reduce
the incidence rate of infection during outbreaks caused by hand-
transmitted pathogens. The installation of antimicrobial copper or
copper-containing surfaces (such as door handles, support bars, and
handrails) could represent a relatively simple measure to help to
prevent HAIs in nursing homes.
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7 ﬂI Nursing Home

Supplementary Material. Plan of Nursing Home.
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