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ABSTRACT The increased interest in healthcare-associated infection (HCAI) among
the public, patients and politicians has led to the development of potential new
approaches to its prevention by industrial concerns and others. Such developments
include better methods of assessing hospital hygiene, enhanced decontamination of
the healthcare environment, biosynthetic tissue alternatives, antibiotic-impregnated
medical devices and information technology that can help improve professional
practice. Although promising, many of these have not been adequately evaluated in
the clinical setting, highlighting the need for greater collaboration between industry
and infection prevention and control practitioners to maximise the benefit of new
products and to complement conventional approaches to HCAI prevention such
as education, professional practice and the provision of better facilities.
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BACKGROUND

The prevention and control of healthcare-associated
infection (HCAI) has reached the top of the political and
healthcare agenda because of its contribution to patient
morbidity and mortality, the significant healthcare costs
that accrue from these infections and because of the
dissatisfaction of some patients and their families with
their care, especially in acute hospitals. In a study of
more than 75,000 patients in the UK and the Republic
of Ireland, 5-10% of patients in acute hospitals had an
HCAI, which was associated with increasing age, male
gender and the presence of an invasive device at the
time of the survey or in the preceding seven days.'?
A proportion of HCAI may be inevitable, particularly in
severely ill patients with significant underlying pathology.
However, there is increasing evidence that when all
evidence-based preventative measures are implemented
as part of professional practice, for some HCAIs such as
ventilator-associated pneumonia (VAP) the rate can
approach zero,® thus making a major contribution to
patient care. Therefore reductions in HCAI are now
seen as an index of improvements in the quality and
safety of patient care.

The increasing interest in HCAI among the public, many
healthcare professionals (other than those already directly
involved) and politicians, together with its greater profile

in the media, has meant that there is considerable interest
within industry and the commercial sector in developing
and applying innovative approaches to preventing or
controlling HCAI. Conventional measures include the
education of healthcare professionals and patients on
simple measures, for example: hand hygiene; good
professional practice such as compliance with
recommendations on intravascular catheter care, patient
isolation or cohorting; better surveillance to determine
what changes may be taking place in the prevalence of
certain HCAIs or to detect outbreaks quicker; better
facilities such as greater space between patients in
hospitals and in other healthcare facilities; and
improvements in hospital environmental decontamination.
While some new technologies have potential, others do
not appear to add significantly to what is already available
or have not been adequately scientifically assessed. The
inadequate assessment of new approaches is often
because these have been developed by relatively small
companies who do not have the facilities or resources to
undertake large clinical trials which might conclusively
prove whether or not a new approach is required.

Certain lines of investigation in the development of new
products have been advocated or promoted recently.
Some of these are reviewed here, excluding developments
in rapid diagnostics, which have the capacity to prevent
infection by earlier detection.
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ENVIRONMENTAL CLEANLINESS

A major debate that has oscillated back and forth across
the Atlantic is the necessity for disinfection compared
with detergents only as part of routine hospital
cleaning. This issue is still largely unresolved. Furthermore,
new technologies such as hydrogen peroxide and the
use of copper or plasma are being proposed as
alternatives, or in addition, to the use of detergents and
surface disinfectants.

Even before considering new approaches to environmental
decontamination, there needs to be agreement about
how best to routinely assess hygiene.Visual inspection is
crude and does not determine the presence or absence
of important microbial pathogens such as methicillin-
resistant Staphylococcus aureus (MRSA) or Clostridium
difficile. Increasingly, microbial assessment is being
advocated to augment mere visual inspection.*

Hospital decontamination is usually carried out by
cleaning operatives, often on low pay and on short-term
contracts, and motivation with feedback is important for
these and all other groups of healthcare workers. Carling
and colleagues in Boston have developed and used a
simple fluorescent tracking system to determine whether
surfaces in hospitals have been adequately decontaminated.
Without significant financial investment but with
appropriate feedback on the quality and standard of
hygiene, the use of this simple technology resulted in a
significant improvement in hygiene levels.®

Another approach is the use of adenosine triphosphate
(ATP) bioluminescence, which assesses the presence of
biological material such as protein. Adenosine
triphosphate readings do not correlate with visual
assessment of cleanliness but decline after cleaning with
parallel reductions in aerobic colony and MRSA counts.t
As with a fluorescent tracking system they offer the
benefit of a rapid result compared with culture, but an
improved assessment of cleanliness that includes the
rapid detection of the presence or absence of marker
organisms such as MRSA is required.

The design of the environment to be decontaminated is
crucial in optimising cleaning, and more consideration
needs to be given to the layout of the healthcare facility.
Computers and computer keyboards are frequently
touched on a hospital ward and are not straightforward
to clean because of their shape and the need to avoid
water that will interfere with electrical components.
A multidisciplinary group in the UK has looked at how
computer keyboards can be decontaminated more
effectively and concluded that the preferred keyboard
should have a flat profile, a cleaning alarm and a silicon-
coded surface, as this is most likely to achieve and
maintain low bacterial counts.’

Other approaches to improve surface decontamination
include the use of microfibre cloths and mops, and copper.
A study carried out in Birmingham found that commonly
touched items containing copper, such as door handles and
toilet seats, had 90—100% lower bacterial counts than their
control equivalents.® Microfibre cloths are recommended by
some as they may be superior at decontaminating uneven
surfaces with crevices at the microscopic level. These cloths
have been combined with a novel copper-based biocide,
resulting in a reduction in bacterial counts with a residual
effect after the cleaning process, due to the copper’

Most approaches to decontamination reduce but do not
completely eradicate the microbes present. However,
sterilising (i.e. the removal of all microbes, including
bacterial spores) horizontal surfaces and the air in the
vicinity of patients offers exciting possibilities in significantly
improving cleanliness and potentially reducing infection.
Ultraviolet light (UV) has germicidal activity, but there
have always been concerns about its safety, hence design
and installation are critical. When a UV wunit is installed
high enough in a room or a unit, the side effects such as
conjunctivitis and skin erythema can be avoided. Ultraviolet
light technology has been developed in recent years to
counteract bioterrorism,'® but this technology has not
been widely used in the healthcare sector.

An alternative approach to surface and air sterilisation is
the use of hydrogen peroxide (HP), a recognised
sterilant, in the form of a gas or mist. However, patients
and staff need to be evacuated due to the potential
toxicity of this gas during exposure. An in-vitro study
has shown that HP can eradicate 6-7 log, colony-
forming units of most vegetative bacteria and spores
within 90 minutes." Similarly, HP has been shown to be
effective in significantly reducing the number of positive
MRSA samples taken during the terminal cleaning of
single rooms or cohort areas, after patients with MRSA
have been discharged.'” While many hospitals have used
HP to control an outbreak, and some are using it to
augment routine cleaning, a full evaluation is required to
assess its longer-term impact on HCAI prevention.

A potentially less toxic approach is the use of thermal
plasma and other variations in plasma technology. This
approach appears to be particularly promising for the
decontamination of surfaces or equipment with biofilm,
as plasma can disinfect surfaces in less than 120
seconds.”” However, at this stage it is not clear how such
an approach would be used cost-effectively in the
healthcare sector; it needs to be evaluated further.

SYNTHETIC MATERIALS AND ANTIBIOTIC-
IMPREGNATED DEVICES

Recent developments in bioengineering have resulted in
the development of synthetic tissues to mimic those not
available or to replace those that are inappropriate. In
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particular; there is a need for alternatives to bone
(Figure 1). Following multiple trauma, large tumours or
destructive infection arising from osteomyelitis when
the stability of the skeleton can be compromised, there
is a need for alternatives as bone grafting is insufficient
where there are large defects. Mechanical stability and a
porous structure to facilitate cellular metabolic activity
with the diffusion of the necessary chemicals and
cytokines are required.'* Where the use of such material
facilitates the more extensive removal of necrotic or
potentially infected tissue, this will assist in the treatment
of pre-existing infection, even if the long-term
consequences remain to be assessed. Similarly, a number
of alternatives using tissue-engineered skin replacements
have been investigated.” These developments have the
potential to provide alternatives to infected tissues or
structures and, in the delivery of antimicrobial compounds,
to either prevent or treat infection.

There has been much interest from industry in the
development and evaluation of a number of antibiotic or
heavy metal-impregnated catheters or devices to minimise
the acquisition of infection, either during device insertion
or subsequently. However, it is unclear if these devices
should be used routinely or as an adjunct to routine
infection prevention measures, such as in particular high-
risk patients, because of their cost. A recent meta-analysis
of 34 randomised clinical trials concluded that
chlorhexidine-silver-sulphadiazine and minocyline-
rifampicin central venous catheters have a role, if all
other efforts have been used, to reduce the infection
rate.'* Many units use such catheters in high-risk patients
but not routinely, and a cost appraisal needs to be
carried out to also determine whether the upfront costs
of their use in the clinical area (e.g. the intensive care
unit, ICU) is accompanied by downstream savings such
as earlier discharge from hospital and reduced
requirement for antibiotics.

A less expensive approach to preventing intravascular
catheter infections is to apply disinfectant to the
insertion site more effectively. A multi-centre trial in
France showed that the application of chlorhexidine, a
commonly used skin disinfectant, in the form of a sponge,
resulted in reduced catheter-related infections and
bloodstream infection (associated with a relatively high
mortality in ICU), even when the dressings were changed
less frequently, i.e. every seven days compared with the
usual schedule of every three.”

Ventilator-associated pneumonia is a significant cause of
morbidity and mortality in ICU patients. Conventional
approaches to VAP prevention include reducing the
duration of ventilation and intubation, where possible,
closed suctioning and caring for the patient in the semi-
recumbent position. Nonetheless, many patients develop
VAP the longer they remain ventilated in the ICU.
A silver-coated endotracheal tube has been shown to
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FIGURE | Confocal microscopy of osteoblasts (green) found
embedded within a novel, porous collagen-glycosaminoglycan
scaffold (red) designed for use in orthopaedics. (Courtesy of
Professor Fergal O’Brien, Royal College of Surgeons in Ireland.)

reduce the prevalence of VAP; where pneumonia did
occur, the use of silver-coated tubes led to a delayed
occurrence.'® An economic evaluation has suggested that
the use of such tubes may be cost-effective, even allowing
for the increased cost of the catheter as this is offset by
the significant costs of managing a patient with VAP

INFORMATION TECHNOLOGY

Better information and particularly more effective
feedback can improve professional practice. Most of the
healthcare developments in information technology relate
to better and faster access to information and data, such
as laboratory results available online. However, in the
sphere of HCAI prevention and control, a number of
technologies are now available that can monitor and
record compliance with hand hygiene recommendations.
Some of these simply count the number of times
individuals decontaminate their hands, but body sensors
are now available to monitor whether individuals
decontaminate their hands appropriately and if aseptic
technique was used when inserting an intravascular device.
However, these largely remain to be fully evaluated.

Whether hand hygiene occurs when it should (e.g
before and after patient contact) is important, but there
also needs to be more focus on how effective it is.
A system that monitors compliance with the six
components of hand hygiene (e.g. the decontamination
of the palms, thumbs, etc.) has been developed. By
assessing visual images captured on a video camera, the
system can provide feedback to healthcare workers on
whether this has been correctly carried out® This has
the potential to be a useful educational tool as part of
ongoing hand hygiene education.
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Healthcare bundles are evidence-based measures which,
when introduced for all patients, have the potential to
significantly reduce the rate of HCAI to the minimum. In
a US study, average compliance with a bundle to prevent
VAP was only 30%, but following the use of an electronic
dashboard that reminded ICU practitioners when and
what to do, compliance increased to 89%, with a decrease
in VAP rates.” Further developments in this area can help
improve personal behaviour and professional practice, but
healthcare workers will have to get used to surveillance
of professional practice, such as the video-recording of
hand hygiene, to improve compliance and to possibly
reassure patients and the public.

CONCLUSIONS

There are interesting and exciting potential technologies
emerging that may impact on the prevention and control
of HCAI. Some of these represent direct interventions
in patient care, such as antibiotic-impregnated devices,
while others try to influence human behaviour, such as
videos and body sensors, to improve compliance with
best practice (Table 1). However, these new technologies
come at a price, and it is not clear what additional
contribution they can make to routine measures.
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