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Abstract

The pillow is an oft-overlooked link in a chain of cross-infection between patients. In this review, various links
of that chain are examined. Evidence is presented to support the existence of viable transmission routes of
infection between patients, pillows, and the ambient environment. Increased environmental contamination
is found to increase infection rates and cleaning of the surface environment while the pillow interior remains
infected is found to be ineffective in controlling contamination. The efficacy of barrier pillows in controlling
contamination is considered.

Introduction this paper, we suggest an alternative or
additional explanation: a significant reservoir
for infection — the patient’s pillow interior — is
routinely escaping the cleaning regimen, and

is continuously recolonizing the patient and

A growing body of observational evidence
supports the intuitive view that the hospital
environment plays a role in the transmission

of nosocomial pathogens (Gerding et al,
2008, Weber et al 2010). Routes of
transmission between patients (fomites)
have been postulated as contamination and
contact with contaminated surfaces, either
directly or via healthcare workers (Chacko et
al, 2003). It has been demonstrated that
patients who occupy rooms whose previous
occupant was infected with an organism
have a significantly increased risk of
themselves becoming infected with the same
organism (Huang et al, 2006). This elevated
risk is mitigated, but not eliminated, by
enhanced cleaning regimens (Datta et al,
2011). One explanation for this incomplete
eradication of risk is that surfaces remain
colonised because of incomplete adherence
to cleaning protocols (Nseir et al 2011). In
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the environment by multiple routes including
direct contact and aerosolisation.

Does the patient environment become
contaminated?

Oie et al (2003) found MRSA on the door-
handles of 19% of rooms housing MRSA
patients, compared with 7% of rooms
housing non-MRSA patients. Boyce et al
(1997) found that 42% of nurses
contaminated their gloves with MRSA while
performing tasks with no direct patient
contact, but involving touching objects in the
rooms of MRSA patients. French et al (2004)
found 74% of sites surrounding the patient
tested positive for MRSA. Clostridium difficile
has been found to colonise surfaces
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including floors, hoppers, toilets, bedding,
mops, scales, and furniture (Fekety et al,
1981). Other prevalent organisms include
norovirus and actinobacter (Weber, 2010).
Mattress interiors have been found to be
contaminated with MRSA (Ndawula et al
1991). French et al (2004) sampled the
environment surrounding patients known to
be MRSA positive, and found that 74% of
sites samples tested positive for MRSA.

Does this include the Pillow?

Pillows present an ideal reservoir for
pathogens, for a number of reasons.
Typically, a hospital pillow will consist of an
interior comprising either polyester fibre
filling, or open-cell polyurethane foam. Given
favourable conditions, either of these media
present an ideal habitat for harbouring and
culturing microorganisms (Woodcock et al,
2006). The porosity of the filling material
provides a high surface area for colonisation,
and a high capillarity for moisture retention.
Favourable conditions are indeed provided
by the patient: ideal temperature for
incubation, humidity, and nutrition by body
fluids and detritus, and inoculation by the
nose, mouth, eyes, ears, and hair of the
patient.

Lange et al (2014) found that 38% of hospital
pillows were colonised with MRSA and
coliforms, and concluded that disposable
pillows might be an option worth exploring.
Shik et al (2014) cut open nominally fluid-
proof (stitched seam) pillows in a burns unit,
and found that many were Vvisibly
contaminated with body fluids. Mottar et al
(2006) observed a noticeable discrepancy in
the weight of pillows in a burns centre.
Examination revealed the seams as being a
source of leakage, and multiple pathogens
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were isolated from the pillow interiors which
correlated with patient infections. Lippmann
et al (2014) sought reservoirs of infection to
explain a large outbreak of Kilebsiella
pneumoniae carbapenemase (KPC) in
Germany. They found that positioning pillows
were internally contaminated, and remained
so for at least 6 months.

The common practice of encasing the pillow
in a waterproof cover does not solve the
problem. Since the pillow must necessarily
compress and expand to function as a pillow
in accommodating the patient’'s head (or
other part of the anatomy), it follows that air
in the order of 2 litres must enter and exit the
pillow in a few seconds when the pillow is
unloaded or loaded, respectively. In the case
of a simple waterproof pillow, this air will take
the route of the opening flap, or, if the cover
is stitched on, through the stitching holes of
the cover seam. This latter scenario is
especially troublesome. High concentrations
of contaminants can be introduced to the
pillow interior just inside the stitched seam
(Dewhurst et al 2012). Here, they persist and
incubate. Subsequently, contaminated air
being driven from the pillow is forced at
speed through the small stitching holes,
creating an aerosol which may persist in the
ambient air for many hours, and which has
the capacity to recolonize not only the
patient, or the subsequent patient, but also
the patient environment (Kalogerakis 2005).

Filling materials within soft furnishings have
been demonstrated to provide available
nutrition to support the growth of bacteria
(Jenkins et al, 2008). Polymer materials used
for the filling provide an available source of
carbon and nitrogen to support growth
(Jenkins et al, 2005). Woodcock et al (2006)
also found that 47 species of fungus
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including Aspergillus fumigatus,
Aureobasidium pullulans,Rhodotorula
mucilaginosa were endemic in pillows.

Is there a viable transmission route?

As early as 1979 (Reiss-Levy et al 1979)
argued that pillows spread MRSA. Sherburn
et al (2005) identified aerial release of
bacteria from mattress interiors as body
weight was applied. Movement on used cot
mattresses, simulating that of an infant’s
head, significantly enhanced aerial release
of naturally acquired bacteria from the
polyurethane foams (total count data, P =
0.008; Staphylococcus aureus, P = 0.004) or
from polyvinyl chloride covers (total count
data, P = 0.001) (Sherburn et al, 2005). They
found that levels of airborne bacteria were
proportional to bacterial population levels
inoculated into the inner pillow.

Shiomori et al (2002) quantified airborne
MRSA before, during and after bedmaking.
Air was sampled with an Andersen air
sampler in the rooms of 13 inpatients with
MRSA infection or colonization. Sampling of
surfaces, including floors and bedsheets,
was performed by stamp methods. Levels of
MRSA colonisation were significantly
increased after bedmaking and MRSA was
detected on many surfaces. The results
suggest that MRSA was recirculated in the
air, especially after movement.

Boore et al (2014) conducted full-scale
particle resuspension experiments in an
environmental chamber, where volunteers
performed a prescribed movement routine
on an artificially seeded mattress. Human
movements in bed, such as rolling from the
prone to supine position, were found to
resuspend settled particles, leading to
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elevations in airborne particle

concentrations. Resuspension

with the intensity of a movement, as
characterized by surface vibrations, and
decreased with repeated movement
routines. Inhalation exposure ranged from
102 to 104 inhaled particles per million
resuspended, demonstrating that a
significant fraction of released particles can
be inhaled by sleeping occupants.

When weight is removed from a pillow, air is
drawn into the interior. In the proximity of a
contaminated patient, being in close
proximity to the mouth and nose, this air is
especially likely to be contaminated also. As
discussed above, the pillow provides a
humid, warm, nutrient-rich environment for
incubation and survival of microorganisms.
Subsequently, when the pillow is squashed,
an aerosol of contaminated droplet vapour is
expelled from the interior, typically through
the stitching holes of the pillow seams. This
provides a means for recolonizing the
environment over an indefinite future period,
which is especially alarming considering the
likely proximity of the pillow to subsequent
patients’ faces.

Does environmental contamination
result in increased infection risk?

The most common nosocomial pathogens
may well survive or persist on surfaces for
months and can thereby be a continuous
source of transmission if no regular
preventive surface disinfection is performed.
(Rutala et al, 2011). A review has been
conducted (Rutala et al 2006) which
determined that most gram-positive and
many gram-negative bacteria will survive for
many months on a dry hard surface.
Numerous prospective trials have
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established a link between environmental
colonisation by patients infected with a
specific organism, and infection risk for
subsequent patients with the same
organism.

Tsakiridou et al (2014A) prospectively
examined the rates of pneumonia due to
Acinetobacter baumannii in an intensive care
unit, and found that previous occupancy by a
patient  infected with  Acinetobacter
baumannii increased the risk 12-fold (95% CI
2.3-19.5). Huang et al (2006) found that
admission to a room previously occupied by
an MRSA-positive patient or a VRE-positive
patient significantly increased the odds of
acquisition for MRSA and VRE. Drees et al
(2008) found that prior room contamination,
whether measured via environmental
cultures or prior room occupancy by VRE-
colonized patients, was highly predictive of
VRE acquisition. Factors increasing infection
risk were VRE-colonized prior room
occupant (HR, 3.1; 95% CI, 1.6-5.8), any
VRE-colonized room occupants within the
previous 2 weeks (HR, 2.5; 95% Cl, 1.3-4.8),
and previous positive room culture results
(HR, 3.4; 95% CI, 1.2-9.6). Nseir et al (2011)
found that Independent risk factors for ICU-
acquired A. baumannii were prior occupant
with A. baumannii (OR 4.2, 95% CI 2-8.8, p
<0.001).

A review of the topic conducted in 2013
(Otter et al 2013) considered evidence that
contaminated surfaces contribute to the
transmission of hospital pathogens, including
studies modeling transmission routes,
microbiologic studies, observational
epidemiologic studies, intervention studies,
and outbreak reports. The review concluded
that contaminated surfaces contribute to
transmission.
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Is cleaning effective as a control
mechanism?

Dancer et al (2009), implemented an
enhanced cleaning regimen in 2 wards for 6
months in a prospective cross-over design.
Improved cleaning resulted in 33% reduction
in colony counts on hand-touch surfaces,
and 27% reduction in MRSA infections.
Microbial culture and genotyping positively
matched MRSA strains between touch sites
and patients.

Datta et al (2007) found that enhanced
intensive care unit cleaning reduced MRSA
and VRE transmission. and may reduce the
risk of MRSA acquisition due to an MRSA-
positive prior room occupant. Acquisition of
MRSA and VRE was lowered from 3.0% to
1.5% for MRSA and from 3.0% to 2.2% for
VRE (P < .001 for both). Patients in rooms
previously occupied by MRSA carriers had
an increased risk of acquisition during the
baseline (3.9% vs 2.9%, P = .03) but not the
intervention (1.5% vs 1.5%, P = .79) period.
In contrast, patients in rooms previously
occupied by VRE carriers had an increased
risk of acquisition during the baseline (4.5%
vs 2.8%, P =.001) and intervention (3.5% vs
2.0%, P < .001) periods.

However, Andrada et al (2000), found that
increased levels of cleaning in their setting
did not result in reduced environmental
colonisation, and in another study (Nseir et
al, 2011) it was found that in spite of an
aggressive terminal cleaning regimen, the
probability of infection with an organism was
significantly increased by the previous
occupant’s being infected with the same
organism. They concluded that cleaning of
the ICU rooms was probably not efficient in
eradicating MDR P. aeruginosa and A.
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baumannii. supposing that compliance with
cleaning protocol was not optimal.

An alternative explanation is that, in spite of
cleaning, the immediate environment is
immediately and repeatedly recolonized by
contaminated aerosol expelled from the
pillow.

Efficacy of ‘barrier’ pillows

Recently, a new category of medical device
has been introduced: the barrier pillow [CE
mark IE/CAO1/M/GM/0889]. So far, the only
example of this available to hospitals is the
Pneumapure pillow (Gabriel Scientific,
Dublin). This pillow differs from standard
occlusive pillows in that the seams are high
frequency welded to make a seal, as
opposed to stitched. The absence of
stitching holes prevents ingress of
contaminated air via the seams. Instead, air
passes in and out of the pillow via a
waterproof microbial filter, which has been
tested to prevent ingress of bacteria, fungi,
and viruses as small as 25 nm (Airmid
Laboratories report, 2013). The pillow cover
is cleaned and disinfected between patients
according to standard mattress-cleaning
protocols.

In a trial in a multi-centre hospital setting
(Dewhurst et al, 2012), 100 new
Pneumapure pillows were compared with
100 new nominally occlusive (stitched
seams) pillows. After 3 months use, pillow
interiors were sampled. Sixty percent of the
standard pillows were internally
contaminated, versus 0% of the
Pneumapure pillows. An additional finding in
this study was that, even where pillows were
visibly damaged, soiled, and unserviceable,
no system appeared to be in place for
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removing them from service. These findings
together resulted in a Trust-wide introduction
of the Pneumapure pillow in Liverpool and
Broadgreen NHS trust, alongside a regular
pillow audit regimen, and an accompanying
reduction in MRSA and CDiff infections.

Conclusion

The infected pillow has several things in
common with the infected human in terms of
its capacity to spread infection. The human
being coughs and sneezes, so generating a
periodic aerosol of contaminated material
into the ambient surroundings. The
conventional coated pillow with stitched
seams, as we have discussed, does
something very similar: approximately 2 litres
of humid air contaminated with
microorganisms carried in droplet
surpension are aerosolised into the
environment, every time the patient’s head is
placed on the pillow. This has the capacity to
recolonize the nearby environment, negating
the effectiveness of any cleaning regimen.
Also in common with the human vector is the
tendency for pillows to circulate around
hospitals, or even between hospitals (Turk et
al, 2017).

McDonald and Arduino (2013) proposed an
evidentiary hierarchy for the adoption of
measures to combat infection control,
beginning with () laboratory validation, rising
through (lI) demonstration of in-use bio-
burden, (Ill) demonstration that the reduction
is clinically relevant, (IV) demonstration of
reduced pathogen transmission, and
ultimately (V) demonstration of reduced
infections. This hierarchy is necessarily
difficult to climb: numerous patient and
practice factors confound the relationship
between environmental bioburden
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reductions and interruption of transmission.
Correlating infection reductions to
environmental bioburden reductions is even
more challenging. However, in the case of
introducing barrier pillows as a method of
interrupting infection, there is a good
prospect of progress towards level V of this
ladder.

Laboratory validation shows the barrier
pillows to be impervious to pathogens, where
the standard pillows become quickly
colonised by organisms with many months
longevity. Samples taken from pillows in
service demonstrate a bioburden in standard
pillow interiors which is complexly eliminated
in barrier pillows. Environmental
contamination is known to take place by
aerosolisation via the pillow, and increased
environmental contamination is known to
result in increased transmission, and
increased rates of infection.

Infected pillows are likely to be a significant
vector for infection, and the introduction of a
CE marked, validated Dbarrier pillow,
alongside an audit protocol which considers
pillows and their serviceable condition, is a
simple, inexpensive, and prudent measure.
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