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Background: Health care-associated infections are a major cause of morbidity and mortality among hos-
pitalized patients. Our Copper for Reducing Environmental Healthcare-Associated Infections (CuRE HAI)
study evaluated the effectiveness of introducing a novel copper-oxide infused polymer resin surface in the
immediate environment surrounding a hospitalized patient.
Methods: The study was conducted between January 2014 and December 2023. Several high-touch surfaces
were replaced with 16-20% copper-oxide-infused surfaces. All hospital admissions each month were mon-
itored for onset of HAIs using predefined criteria. A Bayesian hierarchical Poisson model was used to estimate
the effect of the intervention on monthly HAI rates.
Results: There were 543 HAls and 231,752 bed days of care (BDOC) in the 120-month study period, a mean
of 27.6 HAIs per 10,000 BDOC and 20.8 HAIs per 10,000 BDOC in the pre- and post-copper installation
periods, respectively. The estimated incidence rate ratio for copper across all infections was 0.51 (0.25, 0.95).
Conclusions: The CuRE HAI study suggests that implementation of novel copper components in a patient
care environment may prevent HAls. The continuous antimicrobial and antisporicidal activity provided by
the copper surfaces likely explains at least some of the observed decline in HAI rates.
Published by Elsevier Inc. on behalf of Association for Professionals in Infection Control and Epidemiology,
Inc. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

BACKGROUND infection, either directly or via hands of health care workers, has

garnered substantial attention.” Numerous pathogens of clinical

Health care-associated infections (HAIs) are a major cause of
illness and death for hospitalized patients across the globe."? While
multiple factors contribute to HAI occurrence, the role that con-
taminated hospital surfaces play in the transmission and spread of
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importance, including methicillin-resistant Staphylococcus aureus
(MRSA), Clostridioides difficile (Cl difficile), Acinetobacter baumannii,
Klebsiella pneumoniae, Escherichia coli, and Candida auris, have been
documented to live on surfaces for weeks or up to several months.*°
Of particular concern is evidence that multidrug-resistant organisms
(MDROs) live on surfaces for extended periods of time and remain
capable of causing disease despite surface disinfection efforts.'
Studies have shown that improved surface disinfection can decrease
environmental contamination of health care-associated pathogens
and decrease the likelihood of patients acquiring HAIs.®

To reduce risk for HAIs, manual disinfection with hospital-grade
spray or wipe disinfectants is routinely used, but organisms might
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persist due to inadequate cleaning or residual contamination.” Pos-
sible reasons for residual contamination include lack of properly
trained staff, use of the wrong disinfectants for the microorganisms
present, insufficient dwell times, cross-contamination, and human
error.® Novel no-touch disinfection (NTD) technologies such as ul-
traviolet (UV) light, have been incorporated into the episodic
cleaning protocols to further minimize left over contamination. NTD
that utilizes UV light is effective at reducing microbial burden,
possibly with greater consistency than is achieved with manual
methods’; however, UV light lacks the ability to reach around cor-
ners and beneath beds and tables, and its use is episodic. In addition,
UV light devices cannot be used while a patient is occupying the
room. Prevention of microbial burden accumulation between epi-
sodic cleaning and disinfection is important to prevent cross trans-
mission of MDROs and (I difficile from surfaces onto patients.’
Technologies that provide continuous disinfection of high-touch
health care surfaces can address the limitations described of both
manual and NTD cleaning protocols.

Copper has antimicrobial properties that can be applied in the
health care setting to provide continuous disinfection as an adjunct
to the current intermittent strategies. Copper-clad or brass (copper-
zinc alloy) surfaces have shown efficacy against many MDROs and Cl
difficile.”'> The main drawbacks preventing wider implementation
of copper in health care settings include tarnishing of the metal,
inability to easily mold the metal, and cost.

One novel copper-oxide impregnated polymer resin-based sur-
face provides antimicrobial killing power while being easily mold-
able and resistant to tarnishing."® This surface has been shown to
reduce microbial contamination of both antibiotic-resistant and
nonresistant organisms, including Cl difficile, within 2 to 4 hours of
contact time."*'* While successful microbial reduction has been
demonstrated,'' its effectiveness in reducing HAIs has not yet been
thoroughly evaluated. In this long-term study, copper-oxide infused
polymer resin-based surfaces were retrofitted across major high-
touch surfaces in an acute care hospital and its effectiveness on HAI
reduction was studied over a 10-year period.

METHODS
Study setting

The CuRE HAI study was a prospective intervention that com-
pared HAI rates before, during, and after the installation of copper-
impregnated surfaces in a patient care environment. It was con-
ducted at the Central Texas Veterans Health Care System (CTVHCS)
in Temple, TX, a 120 bed, level 1a multispecialty acute care facility,
which averages approximately 6,000 to 7,000 admissions per year.
During the study period, we had 18 ICU beds and the rest were acute
care beds. The study period was from January 2014 to December
2023, spanning 10 years inclusive of pre- and post-installation per-
iods. The primary outcome collected across the 10-year study period
was the incidence of HAIs among veterans admitted to the acute care
facility who met the 2017 Centers for Diseases Control and
Prevention National Health and Safety Network (CDC-NHSN) defi-
nition for HAIs. Data was collected retrospectively for the 3-year pre-
installation period using the 2017 NHSN definition."” The study
protocol was approved by the CTVHCS Institutional Review Board.
Review of hospital records indicates that routine pre-intervention
infection prevention practices included written protocols for the use
of NTD devices for environmental disinfection, contact isolation
precautions, active MRSA nares screening, and hand hygiene and
were maintained throughout the entire study period.

Study material and design

Copper components were installed in all 120 acute care and
critical care beds in the hospital. The intervention included trans-
formation of critical components that surround the patient and are
typically involved in the HAI transmission'® with copper-oxide in-
fused polymer-based material (EOSCu Surfaces LLC). The experi-
mental solid surface has uniform properties (16%-20% copper-oxide)
throughout the depth of its material and needs to be destroyed
completely to be rendered ineffective, as opposed to sheeted copper
surfaces which may be pierced or worn through.?'® This surface can
be poured into molds as a polymer-resin and cast into any required
shape, allowing its use in numerous places where uniquely shaped
surfaces are needed. The transformed components included the
nurses’ station countertops, sinks in the patient room and bathroom,
tray tables, and bedrail components (siderails, footrails, and head-
rails) (Fig. 1). Some of the earlier copper tray tables and bedrail
components failed due to the brittle nature of the copper polymer
material initially used during the early part of the trial. Over time,
tray tables were replaced with a less brittle version (impact-resistant
polymer), a potential implementation limitation.

The installation was completed in phases as these surfaces were
retrofitted into existing/working patient care units. The bedrails and
tray tables were transformed between October 2016 and December
2017 (Fig. 2) while sinks and nurses’ stations were transformed
between October 2016 and December 2019. The hospital already
used a multifaceted infection prevention program that included ro-
bust hand hygiene guidance, environmental cleaning protocol, usage
of UV irradiation following terminal cleaning, active surveillance for
MRSA positive carriers/patients and contact barrier precautions for
patients with MDROs. Censuses of the number of various copper
surfaces were taken periodically throughout the installation and
post-installation periods.

Study sample

All patients admitted to the acute care medical-surgical unit and
the intensive care units were included in the analysis. There was no
exclusion criteria for patients admitted to the units that contained
copper components. During the COVID-19 pandemic, a separate
COVID-19 unit was constructed. Patients admitted to the COVID-19
ward were not included in the study as the new unit lacked copper
components and a baseline HAI rate. HAIs were identified using an
extensive manual chart review process that started with reviews of
all microbiology culture reports, Cl difficile PCR results, and the in-
patient records for all hospital admissions for each month from
January 2014 to December 2023 (120 months of data). The HAI cases
were determined using case definitions published by CDC-NHSN for
2017. The 2017 HAI criterion was used to determine infections for all
years of the study (2014-2023). A single experienced infection pre-
ventionist collected all the data to maintain consistency. Locking in
the 2017 definitions decreased the potential for over-calling or
under-calling HAIs due to definition changes. The CDC-NHSN criteria
consists of 52 separate infection case definitions including device-
related infections (eg, central line-associated bloodstream infec-
tions, catheter-associated urinary tract infections). HAI categories
were combined into 5 main categories for analysis: blood infections
(including Laboratory-Confirmed Bloodstream Infection and Central
Line-Associated  Bloodstream  Infection), urine infections
(Symptomatic Urinary Tract Infection [SUTI], Catheter-Associated
Urinary Tract Infection [CAUTI], SUTI-NON-CAUTI), site-specific in-
fections, pneumonias, and Cl difficile infections.
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Fig. 1. Copper-oxide infused polymer-based material surfaces installed on sinks, tray tables, and bedrails in patient rooms.

Statistical analysis

A Bayesian Poisson multivariate structural times series model
was fit to the 5 categories of HAls. The autoregressive structure of
this approach models the process in which the number of infections
in the current month may directly influence the number in the next
month, a realistic modeling assumption in a hospital environment
susceptible to outbreaks and correlated infection control responses.
In addition to the autoregressive structure, parameters for average
length of stay (LOS), bed days of care (BDOC), pre-/post-COVID
period, and the proportion of hospital beds, tray tables, sinks, and
nurses’ stations that were transformed to copper, were also included
in the model. Information for these parameters was partially pooled
across the models for the 5 HAI categories by modeling parameters
hierarchically. The advantage to this approach is that sparse out-
comes in some of the HAI categories (such as site-specific infections)
are partially informed by categories with more data. Any missing
data in between censuses for the level of copper bedrails and tray
tables were inferred as parameters in the model, and for the copper
beds, constrained to be monotonically decreasing. This constraint
ensured that the inferred proportion of copper beds decreased be-
tween censuses, as no copper bedrails were replaced after initial
installation. Potential month-to-month seasonal variation in HAIs
was also incorporated into the model via varying intercepts for the
month of the year. These results are presented as parameter esti-
mates for the intervention on each HAI category and as the esti-
mated number of HAIs prevented by the intervention over the
course of the study for each HAI category.

The model was written and fit in the probabilistic programming
language Stan in rstan version 2.32.6 in R version 4.4.2.'°%! Visua-
lizations were coded in R using ggplot2 and a Markov Chain Monte
Carlo (MCMC) visualization tool suite.>>>*> Numerical results from
the model are presented as means or medians and 95% central

quantiles of the MCMC samples from the posterior probability dis-
tribution for the parameters or estimates.

RESULTS
Monitoring adherence to the intervention

The census of copper intervention components shown in Figure 2
illustrates a period without copper followed by an intervention
period where the copper components of beds (A) initially increase
then decline to 0% presence prior to the end of the study period,
while the copper components of tray tables (B), sinks (C), and
nurses’ station counters (D) increased and sustained the increased
presence over the lifecycle of the study. The decline in beds with
copper elements was due to the hospital upgrading to newer bed
models that did not get replacement copper railings. After January
2021 most of the acute care beds did not have any copper compo-
nents, and after May 2021 there were no acute care beds with copper
components left.

Health care-associated infections

There were 543 HAls and 231,752 BDOC in the 120-month study
period, resulting in a mean of 27.6 HAIs per 10,000 BDOC prior to the
installation of any copper surfaces (January 2014-September 2016)
and a mean of 20.8 HAIs per 10,000 BDOC (Table 1) after the com-
mencement of installation of copper surfaces (October 2016-De-
cember 2023).

The estimated incidence rate ratio (IRR) from the Poisson model
for a full copper intervention was 0.40 (0.12, 0.86) (mean and 95%
central quantiles) for blood infections, 0.48 (0.19, 0.98) for urine
infections, 0.65 (0.21, 1.55) for site-specific infections, 0.45 (0.18,
0.95) for pneumonias, and (0.46 0.19, 0.97) for Cl difficile infections,
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Fig. 2. Percentage of intervention components in the hospital that were converted to copper over the course of the study period. Data for beds (A) and tray tables (B) after
installation were based on periodic censuses of the components in the hospital during the intervention period. (A) The percentage of hospital beds with at least one copper
bedrail. (B) The percentage of tray tables that were with copper. (C) The percentage of patient rooms with copper sinks. (D) The percentage of nurses’ stations with copper

countertops.

Table 1
The rate of each category of HAI in the pre- and post-installation timeframe

Infection Pre-install rate Post-install rate’
All infections 276 (28.2) 20.8 (18.5)
Blood 6.7 (7.8) 3.8 (0.0)

Urine 4.9 (4.4) 3.5(0.0)
Site-specific 1.3 (0.0) 2.4 (0.0)
Pneumonias 3.6 (43) 3.1(0.0)
Clostridioides difficile 11.0 (8.8) 8.1 (7.5)

HAI health care-associated infection.

"Mean (median) number of infections per 10,000 bed days of care for the time-period
prior to any copper installation (months 1-33).

"Mean (median) number of infections per 10,000 bed days of care for the time-period
after any copper installation (months 34-120).

indicating some beneficial effect of the copper intervention within
the 95% credible interval for all but site-specific infections. The es-
timated IRR for copper across all infections was 0.51 (0.25, 0.95). The
estimated IRR for average LOS increasing 1 day was 0.99 (0.91, 1.08),
for BDOC increasing by a SD was 1.17 (0.90, 1.45), and for post versus
pre-COVID pandemic was 1.31 (0.80, 2.05), indicating uncertainty
about both the magnitude and direction of effect as each of the 95%
credible intervals were compatible with null effect.

Figure 3 shows the model fit (blue shades), model estimated
number of monthly infections had no intervention been im-
plemented (red shades) and observed monthly infections (black

dots) over the course of the study period. The model-based results
are more interpretable if provided on the scale of the outcome
variables as opposed to the model parameters given above. There-
fore, we estimated the difference between the model estimated
number of infections over the course of the study had the copper
intervention not been included (red shades in Fig. 3) and the number
of infections observed (black dots in Fig. 3). This counterfactual es-
timate provides information on the number of infections that were
potentially prevented due to the intervention (Fig. 4), which is far
more meaningful information to practitioners than estimates of
model parameters.”*

The estimated number (median and 95% central quantiles) of
total HAIs prevented over the course of the study due to the copper
intervention was 199.0 (40.0, 474.0). Thus, the estimated number of
total HAls prevented over the course of the study was 12.7 (2.6, 30.2)
HAIs per 10,000 BDOC. This estimate is conservative in the sense
that it reflects the intervention as implemented in this study (Fig. 2)
and not the estimated number of HAIs prevented had a full in-
stallation been in place for the entire post-install period.

The estimated number of blood infections prevented was 43.0
(-4.0, 150.0), 31.0 (7.0, 100.0) for urine infections, 8.0 (-16.0, 63.0)
for site-specific infections, 27.0 (7.0, 91.0) for pneumonias, and 78.0
(-11.0, 236.0) for Cl difficile infections. Figure 4 shows these results as
histograms of samples from the posterior probability distribution for
each estimate, which allows visualization of the most probable es-
timates. For the estimated number of total HAIs prevented 3,972 out
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Fig. 3. HAIs per month over the course of the entire study period. Black dots indicate the observed number of HAIs. Blue shades denote the 10%-90% quantiles for the posterior
probability distribution for predictions from the model fit to the observed data. Red shades denote the 10%-90% quantiles for the posterior probability distribution for predictions
from the model for the hypothetical counterfactual scenario had the intervention not been installed. Darker shades indicate higher probability. The difference between the
counterfactual predictions (red shades) and the actual observations (black dots) represents the estimated effect of the intervention on HAIs for each month (summarized for each

infection type in Fig. 4). HAIs, health care-associated infections.

of 4,000 MCMC samples (99%) were greater than zero, indicating a
99% estimated probability that the copper intervention had at least
some benefit, conditional on the assumptions in our model and
study design. In addition, 97% of MCMC samples were greater than
50 HAIs. For the estimate of blood infections prevented, 96% of
MCMC samples were greater than zero, for urine infections 93%, for
site-specific infections 68%, for pneumonias 93%, and for Cl difficile
infections 95%.

Among the organisms that caused the most HAIs during the
entire study period were S aureus, E coli, K pneumoniae, Pseudomonas
aeruginosa, Proteus mirabilis, Enterococcus faecalis, S epidermidis, Ca
albicans, and Cl difficile (Supplementary Table S2). But by far many of
the cultures were mixed organisms attributable to 2 or more mi-
croorganisms being present at the same time on a culture plate.

DISCUSSION

Previously, copper and its alloys have been used with varying
success in preventing HAIs.”>?° In the CuRE HAI study, im-
plementation of a novel copper-oxide impregnated polymeric sur-
face in an acute care setting showed reduction in HAIs over the post-
implementation period, with a model estimated 99% chance that at
least one HAI was prevented and a 97% chance that greater than 50
HAIs were prevented during the intervention period. However, the
credible intervals for the IRRs and the estimated number of HAIs
prevented are wide, indicating a high degree of uncertainty in the
effect size. It is worth noting that the IRRs for the effect of copper are
for a full copper intervention, as the model coefficients give the

effect of full installation versus no installation, and thus more opti-
mistic, while the estimated number of infections prevented are for
our imperfect intervention with less than 100% of copper compo-
nents always present. Previous efficacy testing of this copper-im-
pregnated surface had already demonstrated a significant reduction
in bacterial load in both antibiotic-resistant and nonresistant or-
ganisms including vancomycin-resistant Enterococcus, K pneumoniae
carbapenamase, and multidrug-resistant A baumannii, Enterobacter
aerogenes, E coli, MRSA, and P aeruginosa.”> Another study showed
significant Cl difficile spore reduction at 4 hours.'* We measured the
efficacy of copper on environmental contamination (aerobic colony
counts) before and after copper surface installation during the initial
study period and found that copper significantly lowered environ-
mental contamination.”>'® This study combined with other pilot
studies as well as the Cl difficile spore study provides a potential
explanation for the observed HAI reduction.'*"'°

Pragmatic trials such as ours are often challenged by real-world
events that are beyond the control of the researcher. The COVID-19
pandemic occurred during this trial, altering the hospitalized popu-
lation through a general decline in elective admissions or procedures
and an increase in patients with acute respiratory illness. Copper trials
aimed at reducing HAI are particularly difficult to design and test due
to a major challenge: the need to transform the built environment.
Retrofitting an existing operational infrastructure is especially chal-
lenging because as in our case, the installation may span several years.
This makes it difficult to establish a clear pre-installation and post-
installation period, which is more feasible in other HAI trials such as
UV light or spray disinfectants. Care was taken in the analysis of this
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Fig. 4. Histograms of the MCMC samples from the posterior probability distribution for the estimated difference between the counterfactual model predictions and observations,
summed over the entire post-install period, for each infection category. This is an estimate of the total number of infections prevented by implementing the copper surface
intervention. The x-axis indicates the estimate for the number of infections prevented. The y-axis is the bin probabilities normalized by the bin width, which is comparable to
probability density. Thus, taller bin heights indicate increased probability for the corresponding x-axis value. Shades indicate standard errors for the bin heights. MCMC, Markov

Chain Monte Carlo.

data by including relevant confounders our model. Parameters such as
the COVID-19 pandemic, BDOC, average LOS, and seasonal monthly
effects were incorporated. Additionally, the installed amount of each
copper component was treated as the intervention variable, rather
than relying on a specific time period. Even in randomized trials, such
as the one conducted by Salgado et al, the movement of copper sur-
faces on wheels such (eg, tray tables or beds) along with lack of
blinding, can dilute the strengths of the study conclusions even when
the results appear effective.”® While our analysis was designed to

account for potential confounding variables, the estimated number of
HAIs prevented remained highly uncertain, consistent with findings
from other studies. Another trial, a single-site quasi-experimental
study at the Sentara Leigh Hospital in Norfolk, Virginia,>” which used
the same copper surface material as our study, showed a significant
decline in HAIs following the introduction of solid copper surfaces
and copper-infused linens. This study, which incorporated both
copper hard surfaces and copper-infused linens, showed significantly
greater reductions on HAIs compared to trials that have used copper
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hard surfaces alone. Additionally, the solid copper surfaces were not a
retrofit but were outfitted in a new wing potentially confounding the
results. These differences in study design and implementation could
help explain the variability and uncertainties observed across various
copper trials. Cost of installation, difficulties in retrofitting an active
patient care area, maintenance and long-term survival of polymer
material in high-impact and high-traffic areas of the hospital can
create additional implementation and sustenance challenges.

Limitations of this study, beyond the inherent challenges of real-
world pragmatic trials, include a single health care setting and a
specific formulation of the copper surface tested. Strengths of this
study include the length of HAI data collection, manual chart re-
views of every single patient admission, and the advanced statistical
modeling. These considerations and disclosures make this study a
useful contribution to the field and provide evidence of the effect of
self-sanitizing environmental surfaces on HAls. Although we have
included figures highlighting the various types of HAI groups (Fig. 4)
and a table (Supplementary Table S2) showcasing the various or-
ganisms responsible for the HAIs, our study was not powered to
assess the differential effectiveness of copper by organism.

CONCLUSIONS

The CuRE HAI study, a copper surface implementation trial, de-
monstrated that novel copper components in the patient care en-
vironment may have contributed to the prevention of HAIs.
However, the wide uncertainty intervals suggest that the magnitude
of the intervention’s effect is far from established. These findings are
consistent with previously published studies involving similar ma-
terials, as well as copper surfaces composed of other copper al-
loys.”>*’ Despite challenges related to implementation and cost, as
well as the challenges related to the COVID-19 pandemic, the con-
tinuous reduction in microbial and spore burden as shown in our
previous studies, along with the probable prevention of at least
some HAIs as demonstrated in this trial, support the potential con-
sideration of copper surfaces as an additional tool to fight ongoing
battle to reduce HAISs.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at doi:10.
1016/j.ajic.2026.02.239.
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