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Microbial contamination of the near-patient environment is an acknowledged reservoir for
nosocomial pathogens. The hospital bed and specifically bed rails have been shown to be
frequently and heavily contaminated in observational and interventional studies. Whereas
the complexity of bed rail design has evolved over the years, the microbial contamination
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of these surfaces has been incompletely evaluated. In many published studies, key design
variables are not described, compromising the extrapolation of results to other settings.
This report reviews the evolving structure of hospital beds and bed rails, the possible
impact of different design elements on microbial contamination and their role in pathogen
transmission. Our findings support the need for clearly defined standardized assessment
protocols to accurately assess bed rail and similar patient zone surface levels of con-
tamination, as part of environmental hygiene investigations.

Study design

Check for
updates.

© 2019 The Healthcare Infection Society. Published by Elsevier Ltd. All rights reserved.

Introduction

Healthcare-associated infections (HCAIls) are responsible for
considerable burdens of morbidity and mortality globally. The
magnitude of this problem is especially remarkable in critical
care units, with a recent European point prevalence survey
observing that 8.3% of patients in such units require treatment
for at least one HCAI [1]. The hospital environment is a rec-
ognized reservoir and vector of nosocomial pathogens, and
plays an established role in pathogen transmission in critical
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care areas [2]. In research studies and in decontamination
guidelines, considerable attention has been given to surfaces
nearest to patients [3]. Within this near-patient environment,
bed rails have been shown to be the most highly contaminated
surface [4—7] and the most frequently touched by the hands of
healthcare workers [4,8,9]. Bed rails are required for the
majority of patients admitted in critical care, and these must
be integrated to the hospital bed [10], making their presence
almost inevitable within the critical care environment.
Nosocomial pathogens have been isolated from bed rails in
active critical care units. These include meticillin-resistant
Staphylococcus aureus (MRSA) [4,11—13], Acinetobacter spp.
[14,15], vancomycin-resistant enterococci (VRE) [11,16],
Clostridium difficile [17] and carbapenem-resistant Klebsiella
pneumoniae (CRKP) [18]. C. difficile spores have been found on
bed rails after routine cleaning [17]. A number of outbreak
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Table |
Bed rail configurations and their potential impact on research
studies

Bed Options Possible effect
attribute
Clinical There are numerous Affects the level of

interaction with the
bed rail, e.g. higher
bed rail use in the
intensive care unit

area inpatient areas which
house patients with a
broad spectrum of care
requirements

Bed rail A. Full length 1. Affects the surface
type B. Half length area or potential
C. Quarter length area to be sampled
D. Two-thirds length 2. Affects where the
E. Split bed rail is handled
Bed A. Integrated into bed Affects the level of
controls rail interaction with the
B. Non-integrated bed rail

Composite  A. Metal, e.g. 1. Affects microbial

material stainless steel interactions with
B. Plastic, e.g. the surface
polypropylene 2. Affects how the
surface is cleaned
3. Affects ATP
recovery levels
Surface A. Powder-coated 1. Affects how
finish steel cleanable the
B. Plastic-coated surface is
steel 2. Affects microbial
C. Injection-moulded interactions with
texturing the surface

ATP, adenosine triphosphate.

reports have also documented the involvement of bed rails in
transmission clusters of the causative outbreak organism,
although the degree of involvement is difficult to quantify
given the dynamic nature of the critical care environment
[18,19].

Although the hospital bed emerged from a single standard
design, its development as a medical device as well as
increasing competition between manufacturers has resulted in
an assortment of configurations and compositions being avail-
able (Table 1). The humble bed rail, once comprised of
detachable metal bars, has evolved to be more complex as well
as integrated and may be composed of metal or plastic. There
is no universally accepted standard design and healthcare
facilities may use a variety of them in multiple departments
(Figure 1).

While developing a protocol for microbial sampling of bed
rails as part of a longitudinal decontamination intervention
study within a critical care unit, we planned to use previously
published bed rail sampling protocols. When appraising pub-
lished literature, it was noted that bed rail characteristics and
sampling location are rarely mentioned, making comparison of
studies challenging. Accordingly, we evaluated the scientific
literature to better understand the variability of modern bed
rail composition and its potential impact on contamination,
decontamination, and the assessment of both.

Bed rails as potential sources of infection

Observational studies show that bed rails in critical care
are sites of frequent hand-touch contact by healthcare
workers, with one study observing that nurses touch bed rails
more than 13 times hourly [20,21]. Frequent contact with
these high-touch sites often results in soiling with microbial
pathogens which have the capacity to survive for long periods
until adequately decontaminated by cleaning. Routine
cleaning of these surfaces is often inadequate [9,22], and
microbial populations tend to rebound quickly to previous
levels even when decontaminated thoroughly [23].

Although many studies that include bed rails take place in
critical care units, few have implicated bed rails in pathogen
transmission with resultant patient infections. This is likely to
be a result of the paucity of studies undertaking sufficient
analysis to conclusively determine such a transmission event,
rather than this outcome rarely occurring. Investigations by
Dancer et al. recovered MRSA from the bed rail of a critical care
patient not known to be colonized with MRSA [13]. They used
spa typing and whole-genome sequencing to identify trans-
mission pathways of S. aureus in a 10-bedded Scottish critical
care unit under non-outbreak conditions. This included envi-
ronmental sampling (including bed rails), sampling of health-
care worker hands, and screening of patients. Single nucleotide
polymorphisms (SNPs) and number of days between isolate
recoveries were used to determine isolate relatedness. Thirty-
four transmission pathways of S. aureus were identified, and
bed rails were implicated in five of these. Similarly, a study by
Bonten et al. recovered VRE from the bed rails of ten patients
in an endemic setting [16]. These patients were not colonized
at the time. Two of these patients subsequently acquired VRE
of a genotype identical to that recovered from their bed rails.
The increasing prevalence and access to genomic techniques
for large numbers of samples will likely further implicate
fomites such as bed rails in transmission cycles of HCAI
pathogens.

A study by Catalano et al. reported on an outbreak of
A. baumannii on a neurosurgical intensive care unit over a four-
month period [19]. Following environmental screening, isolates
of the same strain were identified from one patient and one
bed rail. The patient had been discharged from the unit nine
days prior to recovery of the bed rail isolate, indicating that the
bed rail had harboured the isolate for at least part of this time.
There were no other patients colonized or being treated for
infections with this strain throughout this nine-day period.

During a prolonged outbreak of CRKP in Beijing, bed rail
involvement was identified in transmission clusters involving
the outbreak organism [18]. Prospective sampling of patients,
healthcare worker hands and gowns, and environmental sites
was undertaken across five critical care units in a tertiary care
centre. Isolates (N = 64) were recovered from patients either
colonized or treated for a CRKP. Nine clusters with indis-
tinguishable isolates were identified using pulsed-field gel
electrophoresis (PFGE). Bed rails were involved in four of these
nine clusters. On two occasions, isolates of the same PFGE type
were recovered from a bed rail and another environmental
sample from a different patient bed space on the same ward on
the same date. On another occasion, CRKP was recovered from
a bed rail that was linked with clinical isolates (sputum) from
three patients on a separate critical care unit.
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Figure 1. Aselection of different bed rail designs in use in a single hospital. A and B are split bed rails made of a polymer where A has integrated
controls (indicated by a white arrow). C and D are metal bed rails, C is a three-quarter length rail and D is a full-length folding bedrail.

Relevant bed rail characteristics warrant
inclusion in research studies

Studies were identified that included bed rails and were set
in critical care units. Although a large number of studies include
bed rails from a variety of patient care areas, for illustrative
purposes we focused only on those set in critical care and
compared how bed rails were described or alluded to by the
authors, resulting in 23 studies which are included in Table Il
[4,5,8,9,11,13,15,16,18,19,21,23,27—30,32,33,35—39]. Specific
bed rail design elements were described in only five of these
studies. Of these, two were interventions that involved copper
surface installations [23,38] and one involved the installation of
disposable bed rail covers comprised of a copper and silver
polymer [37]. Two studies evaluating the use of ultraviolet light
generators failed to describe the bed rails evaluated despite
reporting high levels of contamination, including pathogenic
bacteria [40,41].

An assumption about the uniformity of the hospital bed
exists within the scientific literature, an idea exemplified by an
interventional study where bed rails were described simply as a
component of a ‘standard hospital bed’ [42]. Yet the ‘standard
hospital bed’ no longer exists, as illustrated by the UK’s
National Health Service procurement system where there are
more than 60 options [43]. Local factors, the perspectives of
researchers or the study setting may also impact on the
research design and hence the results. For example, mechano-

electric split rail polypropylene bed rails have been in common
use in the USA for many years, but are only recently gaining
prominence in European critical care units. This is demon-
strated by a 2012 US study which used a polypropylene bed rail
[44] and five years later a UK study [33] where the bed rail
material was not mentioned but a three-quarter-length metal
bed rail is illustrated.

The material and physical properties of a surface may affect
the likelihood that surfaces will become contaminated and the
efficiency with which it can be cleaned. Traditionally, bed rails
were predominantly composed of stainless steel or polished
aluminium alloy. Integrated bed control panels (Figure 1) are
composed of injection-moulded plastics such as polypropylene
or acrylonitrile butadiene styrene (ABS) which has a higher
tensile strength. Injection moulding of the plastic can provide
texturing of the surface to increase the friction coefficient and
allow for greater grip for certain bed models. Despite this, the
type or material properties of bed rails in published research
are rarely reported. Surface material affects cleanability,
where it has been shown that there are differences between
adenosine triphosphate (ATP) bioluminescence levels accord-
ing to surface composition such as ABS and stainless steel,
where there may be variance in colony-forming unit counts
[45]. In a laboratory-based assessment of the adherence of
bacteria to different surfaces following conventional hospital
cleaning techniques and microfibre cloth, bacteria were more
difficult to remove from rougher surfaces (i.e. polyurethane)



Table I

Observational and intervention studies in critical care units which assessed hospital bed rails

Year Country Study design Description of bed Image of bed Findings Ref.
1996  USA Observation  None given No VRE was recovered from bed rails of ten patients [16]
1999  Argentina  Observation None given No Three outbreak strains of A. baumannii were isolated from bed rails [24]
2008 USA Intervention  None given No The bed rails were the only site to have decreased surface cleanliness after the [25]
intervention
2010 USA Observation None given No Bed rail most frequently touched object in ICU [26]
2011 UK Intervention  None given No Bed rail most frequently contaminated near-patient surface [27]
2012 USA Observation  InTouch Critical Care Bed  No Cleaning reduced the bacterial burden on the bed rails, but the numbers of microbes  [11]
(Stryker) rebounded quickly
2013 UK Observation None given No Bed rail most frequently contaminated near-patient surface [8]
2013  USA Intervention  InTouch Critical CareBed  No Cleaning reduced bacterial burden on the bed rails, but the numbers rebounded [23]
(Stryker) quickly
2013 UK Observation None given but material No Bed rails were the fourth most contaminated HTO after bed wheels, bedside table, [28]
of bed rails described as storage trolley and alcohol hand gel
‘metal’ in supplementary
material
2013  USA Intervention  None given No Enhanced cleaning increased removal of fluorescent marks and was associated witha  [29]
non-significant reduction in the contamination of gloves and gowns
2014 USA Intervention  None given No Feedback increased cleaning efficacy [30]
2015  Australia Observation  None given No Use of ATP was significantly associated with the identification of MDRO sites including  [15]
the bed rail
2015 Taiwan Intervention  None given No Bed rails had the lowest ATP reading of all sites [5]
2015 China Intervention  None given No Bed rails were negative for MRSA before cleaning by environmental service workers [31]
but were positive after cleaning
2016  Chile Intervention  Polypropylene bed rails Alternative 99% reduction of bioburden on bed rail when using copper [32]
split bed rail
2017 UK Observation None given 3/4 length Most contaminated sites were right then left bed rails [33]
metal bed
rail
2017 USA Observation None given No Bed rail most frequently touched object after COW [4]
2017  China Intervention  None given Plastic split 16% of HTOs positive for MDROs prior to intervention vs 4.7% post [34]
bed rails
without
inbuilt
controls
2017  Australia Observation None given No ESBL was isolated from a bed rail. Material composition of surfaces influenced the [35]
diversity of attached bacterial communities
2018  Austria Observation  None given No Bed rail most frequently contaminated near patient surface [36]

(continued on next page)
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Table Il (continued)

Ref.

Findings

Image of bed

No

Description of bed
Hill Rom model P3200
bed made of ‘standard

Study design

Country

USA

Year

[37]

The covers on the bed rails decreased the microbial soil by >80% but this effect had

diminished by day 15

Intervention

2018

textured polypropylene’

None given

(18]

Carbapenem-resistant Klebsiella pneumoniae recovered from 10/81 bed rail samples.
Bed rails were involved in four transmission clusters between patients and other

environmental sites.

No

Observation

China

2019

[13]

S. aureus including MRSA recovered from bed rails. Bed rails implicated in 5/34

transmission events

No

Observation None given

UK

2019
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ICU, intensive care unit; HTO, high-touch object; ATP, adenosine triphosphate; MDRO, multidrug-resistant organism; MRSA, meticillin-resistant Staphylococcus aureus; COW, computer on

wheels; ESBL, extended-spectrum fB-lactamases.

than those that were smoother (i.e. stainless steel) [19]. Sur-
face finish is closely related to composition, and this can affect
both how bed rails can become and remain contaminated
(bacterial transfer and survival) as well as how they are best
decontaminated (ease of removal of soiling, surface rough-
ness). Surface finish is variable from the smoothness of stain-
less steel to the deliberate texturing of injection-moulded
plastics.

The majority of publications relating to bed rails give details
of the sampling technique used, e.g. swabbing or contact
plates, as recovery may vary between these methods [9].
Typically, when describing study methodology, the area size
sampled is given with the corresponding results expressed in
levels of contamination per area size, e.g. 5 cfu/cm? [6,21,33].
The specific area of the bed rail sampled is rarely addressed,
though a bed rail’s size and associated surface area can vary
between manufacturers. Bed rail type (e.g. full-length, half-
length etc.) and configuration affect the potential sampling or
targeting area and will also affect where the ‘hot-spots’ for
high-frequency hand touch are. In addition, integrated controls
in a bed rail may influence how frequently the bed rail is
interacted with. Even if it is assumed that the middle of the bed
rail has been sampled, the split bed-rail configuration is
essentially four bed rails instead of the traditional two. Sam-
pling also rarely notes which bed rail was sampled, with few
studies distinguishing between left and right bed rails.

A study by Pati et al. assessed the influence of whether a
nurse was left- or right-handed on the side of the patient bed
that was approached to deliver care [28]. Whereas handedness
had some influence, external factors such as distance from the
door or the position of the intravenous line were more influ-
ential. Studies that have determined which bed rail is sampled
have demonstrated differences between contamination levels
[17,42] and differences in the removal of ATP between left and
right bed rails [31]. Dancer et al. found that bed rails were
implicated in five out of 34 observed transmission episodes of
S. aureus in a critical care unit. The left bed rail was involved in
four of these episodes, and the right bed rail in one [13].

Conclusions and recommendations

The literature confirms that hospital bed rails are con-
taminated sites that are frequently touched, and therefore this
has implications for HCAI transmission. The modern hospital
bed is a more complex device than the traditional non-
mechanized version of previous years. Unfortunately, infor-
mation about hospital bed rails used in studies is not uniformly
or accurately reported, possibly due to the belief that it is
reasonable to assume that all hospital beds are the same.
Variation in the shape, surface area and material finish of bed
rails may affect levels of contamination and hospital cleaning
policies, and studies often do not fully address the differences
in bed rails. Many studies related to these issues have failed to
clearly define the details of the structures evaluated, thereby
limiting the ability to draw conclusions from these reports.

All evaluations of the microbial ecology of bed rails should
describe a standardized and objectively described approach to
sampling in order to optimally characterize healthcare-
associated pathogen contamination. Such an approach will
facilitate meaningful comparisons between studies on levels of
contamination, the prevalence of key pathogens, and
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efficacious interventions to minimize the risk of pathogen
transmission.
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