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(See the article by Karpanen et al, on pages 3-9.)

Contamination of environmental surfaces in hospital rooms
is now recognized as playing an important role in the trans-
mission of several key healthcare-associated pathogens, in-
cluding methicillin-resistant Staphylococcus aureus (MRSA),
vancomycin-resistant enterococci (VRE), Clostridium difficile,
Acinetobacter species, and norovirus.'> All of these pathogens
have been demonstrated to persist in the environment for
hours to days (and in some cases for months), to frequently
contaminate the environmental surfaces in the rooms of col-
onized or infected patients, to transiently colonize the hands
of healthcare personnel (HCP), to be transmitted to patients
by HCP, and to cause outbreaks in which environmental
transmission was deemed to play a role. Furthermore, hos-
pitalization in a room in which the previous patient had been
colonized or infected with MRSA, VRE, C. difficile, or Aci-
netobacter species has been shown to be a risk factor for
colonization or infection with the same pathogen in the newly
admitted patient.?’

Pathogen transfer from an affected patient to a susceptible
host occurs most commonly via the hands of HCP, but con-
taminated surfaces, objects, and air can be directly or indi-
rectly involved in the transmission pathway. These transmis-
sion pathways and methods to interrupt transmission have
been diagramed.** Transmission can be greatly reduced by
hand hygiene of HCP before and after each patient contact
and by appropriate disinfection of shared medical devices
between patients. However, reducing or eliminating surface
contamination is crucial to preventing acquisition of health-
care pathogens by patients who are newly admitted to rooms
previously occupied by colonized or infected patients and to
minimizing the risk of contaminating the hands of HCP.

Potential methods of decreasing contamination of envi-
ronmental surfaces in hospital rooms have included routine
and terminal room disinfection with chemical germicides’
and, more recently, the use of “no-touch” methods of ter-
minal room decontamination with UV light or aerosolized
and/or vaporized hydrogen peroxide.® Unfortunately, there

are major limitations associated with currently available
methods of room decontamination. Multiple studies have
demonstrated that less than 50% of hospital room surfaces
are adequately cleaned and disinfected when chemical ger-
micides are used,”® although with implementation of en-
hanced performance feedback, education, and other inter-
ventions, the frequency of appropriate cleaning can be
increased to 71%-77%.”* The major limitation of UV light
and hydrogen peroxide is that, because this method requires
the removal of patients and HCP from the room, it can be
used only for terminal disinfection. Other limitations include
the high acquisition costs of room decontamination units and
increasing the time of room turnover.’

In the past several years, another method of reducing con-
tamination of room surfaces has emerged: self-disinfecting
surfaces (Table 1). Such surfaces have also been called “self-
sanitizing,” and because microbial killing requires direct con-
tact with the surface, the term “contact killing” has also been
used. One novel method to achieve contact killing is to cover
room surfaces with a transition metal, such as copper or silver.
Such metals influence microorganisms by affecting their
growth, morphology, and biochemical activities. Toxicity is a
result of the blocking of functional groups of important mol-
ecules (eg, enzymes), displacement or substitution of essential
ions from cellular sites, denaturation and inactivation of en-
zymes, generation of reactive hydroxyl radicals, and disrup-
tion of cellular membrane integrity.’

Copper is an essential trace element in most living organ-
isms and has been used for centuries as a medicinal as well
as to prevent growth of barnacles and weeds on the hulls of
ships.”® Copper surfaces have been demonstrated to be cidal
to important healthcare-associated pathogens, including
MRSA, Acinetobacter species, Pseudomonas aerugonosa, and
influenza virus.' Experimental inoculation of copper surfaces
has demonstrated that dry metallic surfaces were more an-
timicrobial than were moist surfaces. On dry surfaces, veg-
etative bacteria were killed within a few minutes. How soiling,
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TABLE 1.
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Potential Methods to Develop Self-Disinfecting Surfaces

Method

Options

Surface impregnated with a metal
Surface impregnated with a germicide
Miscellaneous

Copper; silver
Triclosan; antimicrobial surfactant/quarternary ammonium salt
Altered topography; light-activated antimicrobial coatings

cleaning, exposure to chemicals, and tarnishing affect the
antimicrobial properties of copper has not yet been studied
in detail.®

In this issue of Infection Control and Hospital Epidemiology,
Karpanen et al'' describe the surface contamination levels on
14 types of frequently touched items made of copper alloys
that were installed in various locations on an acute care med-
ical ward. Items included door handles, toilet seats, grab rails,
light switches, overbed tables, commodes, and other items.
The copper items were switched to similar noncopper items
halfway through the 24-week study period. Eight of the 14
copper item types had significantly lower microbial counts
on their surfaces, compared with microbial counts on items
made of standard materials. MRSA, VRE, coliforms, and C.
difficile were found to contaminate 0.4%-8.1% of surfaces;
contamination by VRE and coliforms was statistically reduced
on the copper items, whereas no significant reduction was
noted for MRSA and C. difficle. Other investigators have re-
ported similar results after assessing copper items in hospi-
tals.”

There are several limitations to widespread adoption of the
use of copper items in healthcare facilities. First, none of the
published studies have provided data on the cost of pur-
chasing and installing copper items. Second, the reduction of
microbial contamination has been modest in some studies
(ie, <1 log,,)."" Third, copper has not been demonstrated
experimentally to kill C. difficile dormant spores, and the
study by Karpanen et al'' was unable to demonstrate any
reduction in C. difficile contamination on copper items.
Fourth, how soiling, cleaning, exposure to chemicals, low
relative humidity, low temperature, and tarnishing affect the
antimicrobial properties of copper has not yet been studied
in detail. Fifth, it is likely to be impractical or impossible to
coat all environmental surfaces and medical devices that could
lead to contamination of the hands of HCP with copper.
Finally, no studies have yet evaluated the ability of installed
copper items to reduce healthcare-associated infection rates.
Recently, bacteria isolated from copper coins were shown to
demonstrate prolonged survival on dry copper surfaces,
which suggests that decreased susceptibility to dry copper
surfaces can develop in both gram-positive and gram-negative
bacteria.”

Silver is toxic to many microbes at low concentrations and
for this reason has been used for topical antisepsis (eg, silver
nitrate and silver sulfadiazine). The effectiveness of central
venous catheters impregnated with silver sulfadiazine-
chlorhexidine or silver iontophoretic in preventing
central line-associated bloodstream infections has been
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demonstrated in randomized clinical trials.'* Other in-
dwelling medical devices (eg, endotracheal tubes and uri-
nary catheters) with a silver compound incorporated have
also been developed. Surfacine (Surfacine Development)
incorporates a water-soluble antimicrobial compound (sil-
ver iodide) in a surface-immobilized coating (a modified
polyhexamethlyenebiguanide) that is capable of chemical rec-
ognition and interaction with the lipid bilayer of the bacterial
outer cell membrane by electrostatic attraction.”® Microor-
ganisms contacting the coating accumulate silver until the
toxicity threshold is exceeded. Surfacine can be applied to
inanimate surfaces by dipping, brushing, or spraying without
earlier surface treatment. Surfaces to which this agent is ap-
plied have been shown to kill 3.3-4.3 log,, of S. aureus and
2.2-4.8 log,, of P. aeruginosa hours after application of Sur-
facine.' In addition, a greater than 3-log,, reduction in MRSA
and VRE was also achieved. Residual activity of Surfacine
against VRE has been shown to continue for 13 days after
application.”” However, there are no published studies as-
sessing the ability of this agent to reduce the microbial con-
tamination on environmental surfaces in actual hospital
rooms or to decrease the incidence of healthcare-associated
infection. More recently, silver nanoparticles have been in-
corporated into wound dressings, indwelling catheters, bone
cement, and other implants, and environmental surfaces with
some of these products are now commercially available."”
However, the effectiveness of silver nanoparticles when in-
corporated into environmental surfaces has not been assessed
in the hospital environment.

Triclosan is a nonionic, colorless substance that has anti-
microbial activity at concentrations of 0.2%~2%. Triclosan
has a broad range of antimicrobial activity, but it is often
bacteriostatic.'® Its activity against gram-positive organisms
(including MRSA) is greater than its activity against gram-
negative bacilli. Triclosan has been incorporated into a wide
range of home and personal-care objects, including soaps,
underarm deodorants, toothpaste, and cutting boards." Tri-
closan-impregnated cutting boards have been shown to lead
to decreases in bacteria applied to boards, including reduc-
tions of 0.5-1.0 log,, for S. aureus and Serretia species and
1.5-1.7 log,, for Escherichia coli and Salmonella species.”
When P. aeruginosa was grown as a biofilm on discs of poly-
ethylene, teflon, and stainless steel, 1% triclosan was only
effective in achieving a reduction in organisms of less than
1log,,.*" In the laboratory, bacteria with reduced susceptibility
to triclosan can be produced fairly readily by serial passage
in increasing triclosan concentrations.”” However, the mini-
mum inhibitory concentrations of such strains generally are
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substantially below the concentration of triclosan contained
in antimicrobial products. We were unable to find any studies
evaluating the use of triclosan-impregnated hospital environ-
mental surfaces.

Recently, an antimicrobial surfactant whose core product
is a quaternary ammonium salt, Goldshield (APGoldshield),
has been evaluated.” Using a carrier test, the agent was dem-
onstrated to kill 0.5-2.4-log,, of MRSA and 0.6-0.9 log,, of
P. aeruginosa and E. coli within 30 minutes on formica and
stainless steel.” Rechallange after 4 days generally did not
demonstrate microbial inactivation, although a statistical re-
duction was noted for MRSA on formica (but not stainless
steel) carriers. No published studies of the use of this agent
on environmental surfaces in hospital rooms are available.
Data demonstrate that quaternary ammonium disinfectants
continue to have persistent antimicrobial activity that extends
beyond their wet time on the surface; activity may extend
beyond 24 hours, provided that the disinfectant is left on the
surface undisturbed.*

Another recent potential innovation is the use of an en-
gineered microtopography to inhibit bacterial biofilm for-
mation. One such design is Sharklet AF (Sharklet Technol-
ogies), which seeks to use a topography similar to shark skin
to inhabit biofilms. Reduced biofilm formation has been de-
scribed on molds employing Sharklet AR* Urogenic E. coli
were inhibited on silicone elastomer coupons, which suggests
that this method could be used to develop Foley catheters
that would inhibit microbial growth.”® We are unaware of any
published studies that assess this new technology to inhibit
microbial growth on actual indwelling medical devices or
hospital environmental surfaces.

Finally, light-activated antimicrobial coatings have been
studied for the continuous disinfection of surfaces. Irradia-
tion of certain compounds (photosensitizers) with visible
light results in the production of cytotoxic species, such as
singlet oxygen and free radicals. A cellulose acetate coating
containing toluidine blue O and rose Bengal has been
studied.”"? Illumination for a 6-hour period resulted in a
reduction of 2-3 log,, in S. aureus, but if the organism was
suspended in saliva or horse serum, reductions of less than
1 log,, were noted.” Exposures periods of 6 hours or more
have been demonstrated to inactivate greater than 6 log,, of
S. aureus, MRSA, E. coli, and C. difficile (mainly vegetative
cells) under experimental conditions.”” In a clinical environ-
ment, a 63.8% reduction in aerobes and an 81.8% reduction
in anaerobes has been reported.” Silicone polymers contain-
ing the light-activated antimicrobial agent methylene blue
with gold nanoparticles were effective in reducing the mi-
crobial load on surfaces in a clinical environment.*

The potential development of self-disinfecting surfaces has
tremendous possibilities. Most importantly, the use of such
surfaces could minimize the impact of poor cleaning and
disinfecting practices during routine and terminal room
cleaning and disinfection. However, several cautionary con-
siderations should be noted. First, many of these surfaces
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have demonstrated only modest killing (<2 log,, reductions
in pathogens). Second, the ability of these new surfaces to
kill intrinsically more-resistant pathogens, such as C. difficile
spores and norovirus, has often not been fully evaluated.
Third, the cost of installing such surfaces has not been de-
scribed. Fourth, only incomplete information is available on
the durability of such surfaces and whether their antimicro-
bial activity is affected by temperature, humidity, the fre-
quency of cleaning, and the presence of organic load. Finally,
no studies have been published that demonstrate whether
installing such surfaces reduces the incidence of healthcare-
associated infections. Although high-touch surfaces have been
defined,” the relative contribution of individual surfaces to
the contamination of the hands of HCP and to the risk of
cross-transmission is incompletely defined. Thus, it is unclear
which environmental surfaces and medical devices in patient
rooms should or could be coated with a self-disinfecting sur-
face. Nevertheless, continued research in this area to discover
means of reducing the impact of environmental contami-
nation in the transmission of healthcare-associated pathogens
is clearly warranted.
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