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ABSTRACT Microbial burden associated with near-patient touch surfaces results
in a greater risk of health care-associated infections (HAIs). Acute care beds may
be a critical fomite, as traditional plastic surfaces harbor the highest concentra-
tions of bacteria associated with high-touch surfaces in a hospital room’s patient
zone. Five high-touch intensive care unit (ICU) bed surfaces encountered by pa-
tients, health care workers, and visitors were monitored by routine culture to as-
sess the effect U.S. Environmental Protection Agency (U.S. EPA)-registered antimi-
crobial copper materials have on the microbial burden. Despite both daily and
discharge cleaning and disinfection, each control bed’s plastic surfaces exceeded
bacterial concentrations recommended subsequent to terminal cleaning and dis-
infection (TC&D) of 2.5 aerobic CFU/cm2. Beds with self-disinfecting (copper) sur-
faces harbored significantly fewer bacteria throughout the patient stay than con-
trol beds, at levels below those considered to increase the likelihood of HAIs. With
adherence to routine daily and terminal cleaning regimes throughout the study, the
copper alloy surfaces neither tarnished nor required additional cleaning or special
maintenance. Beds encapsulated with U.S. EPA-registered antimicrobial copper
materials were found to sustain the microbial burden below the TC&D risk
threshold levels throughout the patient stay, suggesting that outfitting acute
care beds with such materials may be an important supplement to controlling
the concentration of infectious agents and thereby potentially reducing the
overall HAI risk.

IMPORTANCE Despite cleaning efforts of environmental service teams and substan-
tial compliance with hand hygiene best practices, the microbial burden in patient
care settings often exceeds concentrations at which transfer to patients represents a
substantial acquisition risk for health care-associated infections (HAIs). Approaches to
limit HAI risk have relied on designing health care equipment and furnishings that
are easier to clean and/or the use of no-touch disinfection interventions such as ger-
micidal UV irradiation or vapor deposition of hydrogen peroxide. In a clinical trial
evaluating the largest fomite in the patient care setting, the bed, a bed was encap-
sulated with continuously disinfecting antimicrobial copper surfaces, which reduced
the bacteria on surfaces by 94% and sustained the microbial burden below the ter-
minal cleaning and disinfection risk threshold throughout the patient’s stay. Such an
intervention, which continuously limits microbes on high-touch surfaces, should be
studied in a broader range of health care settings to determine its potential long-
range efficacy for reducing HAI.
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Health care-associated infections (HAIs) develop from microbes acquired either
endogenously or exogenously during patient care where offending infectious

agents were absent or not incubating in the patient at the time of their admission.
Morbidity and mortality as a result of HAIs are of significant global concern. The
incidence of HAIs ranges from a low in South Korea, 3.7%, to a high in Canada (11.6%)
(1). In the United States, of the approximately 2 million patients who will acquire a HAI
annually, an estimated 75,000 will lose their lives. For many years, it was postulated that
the environment played a minor role, accounting for only 20% to 40% of HAIs (2). In
2013, a study established that upon continuously limiting the bioburden of common
patient room objects, a concomitant 58% decrease in the rate of HAI acquisition was
similarly observed (3). That study suggested that the built hospital environment can
serve as a substantial source from which microbes might significantly contribute to the
incidence of HAIs. A limitation of that study was that less than 10% of the most
significant fomite in the patient room—the bed—was protected with a continuously
disinfecting antimicrobial copper alloy.

The “Five Indications/Five Moments for Hand Hygiene” concept advanced by the
World Health Organization (WHO) on minimizing the risk of pathogen transmission
does not include hand hygiene before touching furniture or objects in the immediate
vicinity of the patient, or the “patient zone,” where items are considered to be
contaminated with microbes shed or directly transferred by patients while the health
care worker is wearing gloves (https://www.who.int/gpsc/tools/faqs/five_moments/en/). Of
the most frequently touched objects in this patient zone, the patient bed is considered
a significant microbial reservoir (4–6). Acute care hospital beds used throughout the
developed world are traditionally manufactured with injection-molded plastic surfaces.
In spite of routine disinfection or terminal cleaning and disinfection (TC&D) efforts to
reduce the microbial burden, in situ hospital studies have shown that plastic beds are
significant reservoirs for microbes (6–10). In fact, beds have been shown to be among
the most touched and heavily microbially burdened objects in medical intensive care
unit (ICU) patient rooms (9, 11–20) and are considered high risk for infection transmis-
sion to and from patients, visitors, and hospital staff (15, 21). In some of the same
studies, when these highly microbially burdened plastic surfaces were modified with a
continuously antimicrobial material, namely, an alloy containing greater than 60%
(wt/wt) copper, the concentration of bacteria found on surfaces was generally reduced
by more than 90% (6, 9, 10). Based on studies that demonstrated that environmental
contamination plays an important role in transmission of pathogens responsible for
HAIs (22) and that copper-containing surfaces decreased bacterial burden (6, 9, 23, 24),
it was postulated that copper materials, in concert with routine terminal cleaning,
would serve to keep high-touch bed surfaces significantly cleaner than the plastic
designs traditionally used to fabricate acute care beds. Metallic copper surfaces kill
bacteria through a multimodal mechanism involving the ability to disrupt bacterial
respiration, generate superoxide, and destroy genomic and plasmid DNA in situ (26–29).
In this study, the concentrations of bacteria on bed surfaces encountered by patients,
health care workers, and visitors were monitored to determine whether U.S. Environ-
mental Protection Agency (U.S. EPA)-registered antimicrobial copper materials, applied
to 100% of near-patient bed surfaces, would result in the bed harboring fewer bacteria.

RESULTS
Beds encapsulated with continuously antimicrobial surfaces harbored signifi-

cantly fewer microbes than equivalent control beds in the patient care setting. In
addition to thorough bed cleaning after patient discharge, as part of Highpoint Health’s
daily cleaning protocols, the high-touch bed surfaces were routinely disinfected. In the
preintervention phase of this pragmatic crossover trial, control patient beds were found
to significantly accumulate higher concentrations of aerobic CFU across all areas
sampled (Fig. 1). The tops of the bed rails (TBR) on the control were the mostly heavily
soiled, harboring an average of 3,029 aerobic CFU (ACC)/100 cm2. The other areas
sampled from occupied control beds accumulated fewer microbes, but their average
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concentrations were all between 2� and 8� higher than the suggested HAI risk
threshold target of �250 ACC/100 cm2 for TC&D (Fig. 1). The interventional beds
harbored significantly lower concentrations of bacteria (P � 0.0001) than levels ob-
served in samples taken from control bed surfaces (Fig. 1). The most heavily burdened
area on the copper beds was the interior patient-facing surface of the bed footboard
(FBI; average of 186 ACC/100 cm2); however, this concentration was still significantly
lower than that on the comparative location on the plastic footboard (1,571 ACC/100
cm2) (Fig. 1). Overall, the cumulative average ACC/100 cm2 on the copper beds was
94% lower than that on the control beds (Fig. 1).

Encapsulation of near-patient bed surfaces with antimicrobial copper resulted
in a significantly lower likelihood of bacterial concentrations exceeding levels
recommended subsequent to TC&D. The most heavily burdened locations on the
control bed were the tops of the bed rails (TBR). Of the samples recovered, 89% were
found to exceed the benchmark TC&D risk threshold (Fig. 2). In contrast, only 9% of the
samples recovered from interventional copper beds exceeded the TC&D risk threshold,
with 42% found to be free of detectable bacteria (Fig. 2). All of the other areas of the
control bed warrant concern of being significant fomites, as they all routinely harbored
concentrations of bacteria that well exceeded the risk threshold (Fig. 2). Considering
the data collectively, 53% of the surfaces sampled from occupied control beds routinely
harbored concentrations of bacteria above the TC&D risk threshold of �250 ACC/100
cm2 (Fig. 2). In comparison, the corresponding areas investigated on the encapsulated
copper beds were found to be free of bacteria for the majority (57%) of the samples
evaluated.

The microbial burden affiliated with the patient bed is dependent on length of
stay. Upon patient discharge, the standard of care requires that all patient rooms be
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FIG 1 Active care beds encapsulated with an antimicrobial surface harbored significantly fewer microbes than
corresponding control beds. The microbial burden affiliated with the surfaces from occupied single-patient
ICU rooms described in the Fig. 4 legend was collected and determined as described. The average concen-
tration for each of the near-patient areas sampled is shown (red colored bars for the control [N � 70 beds] and
green colored bars [N � 43 beds] for surfaces encapsulated with copper). The white triangles indicate the
median concentrations for the control surfaces, while the black triangles indicate the median values for the
copper-encapsulated near-patient bed surfaces evaluated. The designations associated with the black trian-
gles for ISR, LLV, BCP, and FBI denote the median values recovered below the limit of detection of the culture
assay. The differences between control and interventional groups were all found to be significant (P � 0.0001).
The red dashed line denotes the discharge/terminal cleaning and disinfection (TC&D) risk threshold target of
less than 250 ACC/100 cm2. TBR, tops of the bed rails; ISR, inside patient-facing surface of intermediate rail of
bed closest to room doors; LLV, bed rail lift/release lever; BCP, external elevation control panel; FBI, interior
patient-facing surface of the bed footboard.
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subjected to terminal cleaning and disinfection. In the Highpoint Health Hospital
(HPH) ICU, touch surfaces within each room are cleaned with a U.S. EPA-registered
hospital disinfectant qualified to reduce the microbial burden by at least 4 orders
of magnitude. Additionally, each patient room is subjected to a daily cleaning
regimen, in which visibly soiled near-patient bed surfaces are cleaned and treated
with a disinfecting concentration of quaternary ammonium-based agents. In spite
of rigorous adherence to this infection control best practice, an analysis based on
patient length of stay (LOS) indicated that the microbial concentration associated
with the beds increased as a function of the patient’s length of stay (Fig. 3). The
microbial burden data recovered from each bed were segregated and categorized
into the following three groups: less than 5 days length of stay (N � 64 beds; 34
control plastic, 30 interventional copper), between 5 and 10 days LOS (N � 40 beds;
30 control plastic, 10 interventional copper), and greater than 10 days LOS (N � 9
beds; 6 control plastic, 3 interventional copper). The first category was selected
because the average LOS is 4.5 days for patients in U.S. hospitals and 3.5 days for
patients cared for in an ICU (30). The other two groups offer a snapshot as to
microbial risk that near-patient surroundings, like the bed, may contribute to the
overall patient HAI risk as a function of LOS.

It was found that for each of the three LOS categories, the microbial concentrations
recovered from the plastic beds were significantly greater than those of the copper
beds; the cumulative aerobic CFU (ACC)/100 cm2 increased on the plastic beds by 133%
over the LOS to a 3-fold greater concentration of microbes than that observed on the
copper beds. Correspondingly, the average ACC on the plastic beds was 5� to 11�
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FIG 2 Encapsulation of near-patient surfaces with antimicrobial copper resulted in a significantly lower likelihood
that any bed surface exceeded the TC&D recommendation during care. The concentrations recovered from the five
near-patient areas sampled from each occupied bed were categorized based on their concentrations. Those that
resulted in an undetectable level of bacteria are colored green, those with a concentration of between 1 and 250
ACC/100 cm2 are in yellow, and those exceeding the terminal cleaning and disinfection risk threshold target of 250
ACC/100 cm2 are in red. The likelihood that any bed surface sampled within one of the risk concentrations is the
result of the average value encountered for all the near-patient bed surfaces evaluated (N � 70 control beds; N �
43 encapsulated copper beds) as described in Materials and Methods. The prefix of “Plastic” or “Copper” and then
one of the following abbreviations indicates the material from which the item’s surface was fabricated. TBR, tops
of the bed rails; ISR, inside patient-facing surface of intermediate rail of bed closest to room doors; LLV, bed rail
lift/release lever; BCP, external elevation control panel; FBI, interior patient-facing surface of the bed footboard.
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greater than the HAI risk threshold (�250 ACC/100cm2) for the three LOS categories,
while the average ACC recovered from each of the copper beds was well below the HAI
risk threshold for each LOS category. At less than 5 days LOS, the average concentration
observed on the plastic control beds was 1,155 ACC/100 cm2, compared to 89 ACC/
100cm2 for the interventional copper beds. At more than 10 days LOS, the average
concentrations on the plastic beds was 2,733 ACC/100 cm2, compared to 130 ACC/100
cm2 on the self-disinfecting interventional beds. Overall, comparing the concentrations
between the control and interventional groups, the statistical differences between the
control and copper-encapsulated bed groupings were found to be significant
(P � 0.0001).

DISCUSSION

In this study, the infection control properties of hospital beds were enhanced by
encapsulating all of their near-patient surfaces with U.S. EPA-registered copper coating
and foil. The in situ effectiveness of copper as an antimicrobial intervention for
controlling the microbial burden on bed surfaces was previously established by 3
distinct clinical trials conducted in ICUs at three tertiary medical centers, a pediatric ICU,
and a medical/surgical unit at a community hospital (8–10). A limitation to each study
was that only a small percentage of the bed surfaces was protected with the contin-
uously disinfecting agent. Here, we addressed that limitation and evaluated beds that
had all of their critical (near-patient) touch surfaces encapsulated with U.S. EPA-
registered antimicrobial copper materials. On average, the microbial burden on the bed
surfaces tested was reduced by over 94% compared to levels observed on the equiv-
alent control plastic beds.

Prior to this study, there was a great deal of speculation about copper’s long-term
durability and the ability to keep copper surfaces clean and tarnish free in an active
patient care setting. As an antimicrobial agent, copper does not lose its bactericidal
effectiveness through surface oxidation, unlike silver (31). Throughout the 11 months
that the copper materials were in use, all of the interventional bed surfaces held up well
to the rigors of patient care, daily cleaning, and TC&D with U.S. EPA-registered qua-

89 85

130

FIG 3 The microbial burden affiliated with the patient bed is dependent on length of stay. The microbial
burdens affiliated with each bed area were separated into one of three categories based on the LOS of
the patient. The efficiency with which interventional bed surfaces were able to control the microbial
burden was assessed against the values from the control beds using pairwise comparisons using the
Mann-Whitney test with a significance level (P) assessed as less than 5% (P � 0.05) using Prism 8 software.
The number of patients considered in the analysis was 70 for the control and 43 for the interventional
beds. The values comparing control to interventional groups were found to be all significant at
P � 0.0001, as were the first two control values to the third grouping (�10 days); for the �5 days to
�10 days grouping, the P value was 0.0003. Solid triangles represent the average microbial burden for
control beds, and the filled squares represent that for the interventional or copper-encapsulated beds.
The red dashed line denotes the discharge/terminal cleaning & disinfection (TC&D) risk threshold target
of less than 250 ACC/100 cm2.
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ternary ammonium-based disinfectants and/or sodium hypochlorite-based solutions
used under infection control precautions subsequent to patient care.

The Joint Commission’s infection control (IC) standard IC 02.02.01 presently requires
hospitals to reduce the risk of infections associated with medical equipment, devices,
and supplies (32). A benchmark proposed to consider environmental surfaces as clean
or benign after terminal cleaning is a concentration of �2.5 CFU per cm2 of ACC and
�1 CFU/cm2 for health care-associated pathogens, e.g., Staphylococcus aureus (33).
Should the concentration of microbes recovered from surfaces immediately subse-
quent to TC&D exceed this concentration, there exists a higher risk of nosocomial
transmission of the microbe from colonized near-patient surfaces to patients, health
care workers, or visitors. With revisions to IC 02.02.01, infection control leaderships of
health care facilities are increasingly looking for approaches to minimize the potential
for citation by the Joint Commission. Seemingly straightforward methods used in the
past to remove visible bioburden and dried blood from instruments and surfaces fail to
address the root cause, namely, that even if surfaces look “hospital clean,” they may not
be sufficiently debulked of potentially hazardous microbes. One of the provocative
observations from this trial was that while discharge cleaning significantly reduced the
intrinsic microbial burden, the ACC concentrations on terminally cleaned interventional
(copper) bed surfaces were 85 to 90% lower than those on similarly cleaned control
(plastic) bed surfaces. Additionally, despite daily cleaning of the beds, microbial burden
for patients cared for in control beds increased significantly as a function of their length
of stay. In contrast, the burden recovered from the self-disinfecting copper beds was
sustained significantly below the TC&D risk threshold throughout the patients’ stay
without regard to LOS.

That microbial burden increased as a function of length of stay in control beds was
not unexpected, in that Cohen and colleagues learned that the mean number of people
entering a patient room was 5.5 per h, with nursing staff accounting for 45% of those
entries (34). In the course of a 15-h waking day, this amounts to approximately 83
people per day entering the patient’s room. Consequently, as the significance of the
findings is considered here, the observation that the antimicrobial action of copper on
near-patient surfaces kept these areas at microbial burden levels below the TC&D risk
threshold may suggest infection control dividends of fewer infections and better
outcomes. Furthermore, it is anticipated that encapsulated copper surfaces will have a
higher likelihood of reducing the inherent risk associated with near-patient surfaces
than will adjunct, intermittent, and discontinuous disinfection technologies entering
the marketplace, such as UV irradiation and vapor phase hydrogen peroxide, or
indicator glow markers, covertly placed on near-patient contact locations (35–40),
which are intended to identify surfaces that environmental services (EVS) workers
endeavored to clean, rather than whether the surfaces are, in fact, microbiologically
clean.

Keeping the health care environment clean is not just an esthetic that the public
expects but is fundamental to keeping patients safe. An issue raised with any augment
to infection control practices is how much any intervention will add to the base cost of
the current practices for infection control. As a reference, Lucado and colleagues
reported in 2010 that the cost to treat HAIs results in an additional 19.2 days of care and
nearly $43,000 more than stays without infections (41). While the evidence is limited,
there are data that show that debulking of the built environment leads to reductions
in infections (3).

Based on Association for the Health Care Environment (AHE) estimates for the
appropriate time to clean and disinfect a patient room, cleaning costs are estimated at
$12 to $13 per single patient room. Thus, any addition to the standard of care required
to enhance infection control requires a consideration of the cost of the intervention
with respect to its impact on the HAI rate. Additional methods evaluated extensively by
the infection control community, like the process of daily cleaning, are two “no-touch”
technologies: hydrogen peroxide vapor deposition (HPV) within patient care settings
(42) and UV C (100 nm to 280 nm spectrum energy)-based systems (43, 44). Both
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methods have been shown to be effective in reducing burden within the built envi-
ronment (35, 36, 42, 45–47), but each is limited as an intervention by being a
discontinuous antimicrobial technology, with each adding significantly to the cost of
terminal cleaning and disinfection of patient rooms.

Despite terminal and daily cleaning of the HPH ICU beds, 47% of the standard
(plastic) bed surfaces had ACC levels above the proposed benchmark standard for
cleanliness, while over 90% of the copper bed surfaces achieved the benchmark
standard, at an ACC level that was, on average, 94% lower than that observed on plastic
rails. The cost to achieve and maintain this level of cleanliness is based on encapsu-
lating the bed with antimicrobial copper, which was approximately $2,200 per bed
amortized over 5 years, or about $1.20 per bed per day. This represents less than 10%
of the application costs for other adjunct cleaning options, such as implementing an
additional daily cleaning (�$12 to $13/room), UV irradiation (�$10/room), or hydrogen
peroxide vapor phase deposition (�$100/room), inclusive of labor, supplies, and equip-
ment amortization considered for each method. Not only was the copper intervention
superior in effectiveness at controlling burden within the built environment, but
because it is the only adjunct to act continuously, actively killing bacteria 24 h/day and
only adding a modest increase to the environmental services/infection control budget,
it is anticipated that the value delivered by this intervention to the infection control
bundle warrants further studies to assess its impact on HAI rates, ultimately leading to
consideration for its adoption.

MATERIALS AND METHODS
Study design and setting. The intent of this study was to assess, in an active patient care setting,

the ability of a self-disinfecting patient bed to lower its incidence of serving as a microbial reservoir. To
that end, we designed a pragmatic crossover study in which the control and interventional arms of the
study were conducted in the medical intensive care unit (ICU) at the Highpoint Health Hospital (HPH) for
23 months. The study design employed periodic environmental monitoring of the intrinsic bacterial
burden associated with high-touch bed surfaces. Occupied control beds were monitored from 24 April
2017 through 23 July 2018, whereas occupied interventional beds were monitored from 23 April 2018
through 4 March 2019. A mixture of control and interventional beds were present between 23 April 2018
and 23 July 2018, as the copper beds were introduced when rooms became available subsequent to
patient discharge from a control bed. The study was presented to the institutional review board and
deemed exempt.

HPH is a 62-licensed-bed acute care hospital located in Lawrenceburg, IN, which draws patients from
the surrounding rural areas, as well as from the Southwest community of metropolitan Cincinnati, OH.
The ICU has eight single-patient rooms arranged in an “L” configuration with a centralized nursing
station. Rooms 2 to 7 are directly visible, and rooms 1 and 8 are to the periphery of the nursing station.
The average daily census of the unit for the study period was 5.2 (65%). Researchers recorded the
occupancy status of each room when beds were sampled. Throughout the study, select hospital staff
members directly observed hand hygiene and utilized the Qualaris monitor system. Observed compli-
ance rates were routinely greater than 93%.

Composition of control and interventional beds. The control ICU beds utilized for this study were
Hill-Rom TotalCare SpO2RT beds. The exterior finishes of each of the frequently touched bed surfaces
(Fig. 4A to E) were fabricated from injection-molded polypropylene. The pressure-sensitive touch panels
that control bed functions, including rail articulations, were fabricated from a medical-grade polyester
film label. In the interventional arm of this study, the TotalCare SpO2RT bed was modified by Bed Techs,
Inc. (Greendale, IN), such that 100% of the near-patient bed surfaces were encapsulated with a U.S.
EPA-registered antimicrobial material fabricated and applied according to the specifications of LuminOre
CopperTouch (U.S. EPA registration no. 89266-2; Carlsbad, CA). The interventional bed control panels
employed a pressure-sensitive film fabricated from an antimicrobial copper foil (MR Label Co.; Cincinnati,
OH) using materials with U.S. EPA registration from the Copper Development Association, McLean, VA
(U.S. EPA registration no. 82012-2) (Fig. 4H to I).

Sample collection procedure and burden evaluation. The total aerobic CFU within an area of 100
cm2 (ACC/100 cm2) was measured from four locations from within each of the five high-touch areas
located on the patient bed (Fig. 4A to E). Daily cleaning of ICU rooms, including all of the near-patient
bed surfaces, was consistently conducted between 7 a.m. and 11 a.m. using a U.S. EPA-registered
hospital-grade disinfectant with a quaternary ammonium compound as its active agent. Sample collec-
tion occurred between 11:00 a.m. and 2:00 p.m. Reproducible sampling was facilitated by using a sterile
Teflon template positioned in proximity to sampling locations on the bed (Fig. 4F) and a Puritan ESK
environmental sampling kit employing the 7.9-cm premoistened sterile polyester-tipped swab (1.73 cm)
supplied within the kit. Microbes were liberated from the bed surfaces by swabbing the sterile
template-outlined area with uniform pressure, using a back-and-forth motion to cover the entire surface.
Once the sample was taken, the swab was immediately placed into 4 ml of neutralizing buffer provided
in the kit to limit the activity of any residual quaternary ammonium agents that may have been

Copper Beds Sustain TC&D Effects during Care Applied and Environmental Microbiology

January 2020 Volume 86 Issue 1 e01886-19 aem.asm.org 7

 on D
ecem

ber 30, 2019 at M
U

S
C

 Library
http://aem

.asm
.org/

D
ow

nloaded from
 

https://aem.asm.org
http://aem.asm.org/


transferred during sampling as prescribed by Boyd and Sehulster (48). Burden was assessed by plating
100 �l of each neutralized sample onto Trypticase soy agar supplemented with 5% sheep erythrocytes
(BD-BBL), with inoculated plates developing at 37°C for 48 h. The number of aerobic colonies observed
on each plate was recorded and reported as aerobic CFU (ACC) per 100 cm2. In total, 558 samples were
collected from patient-occupied beds, 350 samples were taken from control beds, and 215 from the
interventional beds.

Statistical analysis. The efficiency with which interventional bed surfaces were able to control the
microbial burden was assessed against the values from the control beds with a nonparametric pairwise
comparison using the Mann-Whitney test with a significance level (P) assessed as less than 5% (P � 0.05)
using Prism 8 software. Descriptive statistics were also calculated in order to assess the average burden
(ACC/100 cm2) for each of the groups. The microbial burden on the bed rails (Fig. 3) was correlated
against the patient’s length of stay (LOS). Patients in the control and interventional groups were stratified

FIG 4 Sampling locations of the patient bed used to assess the microbial burden. Total aerobic CFU were
determined as described from 4 locations from each of 5 areas associated with the patient’s bed (A to
E) using a premoistened swab and sterile template (F). Control beds were fabricated from injected
molded polypropylene (G), and the interventional study beds were encapsulated using a U.S. EPA-
registered antimicrobial copper coating (H) and U.S. EPA-registered antimicrobial copper foil touch pads
(I). TBR, tops of the bed rails; ISR, inside patient-facing surface of intermediate rail of bed closest to room
doors; BCP, external elevation control panel; LLV, bed rail lift/release lever; FBI, interior patient-facing
surface of the bed footboard.

Schmidt et al. Applied and Environmental Microbiology

January 2020 Volume 86 Issue 1 e01886-19 aem.asm.org 8

 on D
ecem

ber 30, 2019 at M
U

S
C

 Library
http://aem

.asm
.org/

D
ow

nloaded from
 

https://aem.asm.org
http://aem.asm.org/


into one of the following three group based on LOS: fewer than 5 days, 5 to 10 days and more than
10 days. The average LOS for each group was plotted on the abscissa, and the mean bioburden is
represented on the ordinate axis. Significance (P � 0.05) between the two groups was assessed using the
nonparametric Mann-Whitney test.
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