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c o n c i s e c o m m u n i c a t i o n

Efficacy of a Novel Light-Activated
Antimicrobial Coating for Disinfecting
Hospital Surfaces

Salim Ismail, BSc;1 Stefano Perni, PhD;1

Jonathan Pratten, PhD;1 Ivan Parkin, PhD;2

Michael Wilson, DSc1

Silicone polymers containing the light-activated antimicrobial agent
methylene blue with or without gold nanoparticles were evaluated
for their ability to reduce the microbial load on surfaces in a clinical
environment. When irradiated with white light, polymers containing
nanogold were more effective in this respect than those containing
only methylene blue.

Infect Control Hosp Epidemiol 2011;32(11):1130-1132

Nosocomial infections pose a significant threat to hospital
patients, staff, and visitors. Clinical environments often har-
bor pathogens that may then be transmitted to healthcare
workers and patients. The use of light-activated antimicrobial
agents (photosensitizers) embedded in polymers is a novel
approach that may be used for decontaminating surfaces.1

Recently, the incorporation of gold (Au) nanoparticles into
these polymers has been shown to improve their antimicro-
bial effectiveness in vitro.2 Here, we show that silicone poly-
mers containing the photosensitizer methylene blue (MB) and
Au nanoparticles can be used to reduce environmental con-
tamination in a dental clinic and that high numbers of meth-
icillin-resistant Staphylococcus aureus (MRSA) can be killed
under similar lighting conditions.

methods

Silicone polymers. Silicone polymers were prepared as de-
scribed elsewhere.2

Light source. The light source used was a General Electric
28-W Starcoat BIAX 2D T5 compact fluorescent lamp (GE
Lighting). This was suspended between clamp stands atop a
shelving unit 35 cm above the base of the stands.3 Ambient
clinical lights were kept on during each experiment. For lab-
oratory experiments, the light source was fixed in a refrig-
erated incubator at 22�C. Light intensity during experiments
was measured using a digital luxmeter.

Clinical testing. Clinical testing was conducted as de-
scribed elsewhere.3

Laboratory testing. MRSA strain eMRSA-164 was used to
determine the ability of the polymers to kill a clinically rel-
evant organism. eMRSA-16 was cultured in brain-heart in-
fusion broth for 16 hours at 37�C. This was diluted to give
a suspension containing approximately 108 colony-forming
units (CFUs)/mL. Triplicate samples of each coating (control,
MB, and MB � Au) were placed in a humidity chamber, and
each was inoculated with 250 mL of the bacterial suspension.
The chamber was placed in the incubator for 6 or 24 hours.

The light intensity was similar to that used in the clinic ex-
periments. To assess the effect of each coating in the dark, a
duplicate humid chamber was covered with aluminum foil
and placed in the incubator for 24 hours. Survivors were
enumerated by viable counting as described elsewhere.3

Statistical analyses. The effect of coating treatment (con-
trol, MB, and MB � Au) on the viable count of microbes
was evaluated using repeated-measures (2-way) analysis of
variance. For all analyses, differences were considered statis-
tically significant when P was less than .05.

results

The mean light intensity at the surface of the coatings in the
clinic was 2,305 lux. The overall mean counts (� standard
error of the mean [SEM]) of microbes on the settle plates
after 48 hours were CFUs/cm2 (anaerobic cul-3.49 � 0.35
tivation) and CFUs/cm2 (aerobic cultivation).5.04 � 0.28
Control silicone coatings showed a higher microbial load,
with overall mean counts (� SEM) of CFUs/8.23 � 2.42
cm2 (anaerobic cultivation) and CFUs/cm2 (aer-13.80 � 1.95
obic cultivation). For anaerobically cultivated microbes, sil-
icone coatings containing MB and those containing MB �
Au showed 51.3% and 71.2% mean reductions in the recovery
of viable microbes, respectively, compared with control coat-
ings (Figure 1). The number of aerobically cultivated mi-
crobes was reduced by 32.7% and 54.8%, respectively, on
coatings containing MB and those containing MB � Au. For
MB � Au coatings, these reductions were significant for both
aerobic ( ) and anaerobic ( ) microbes. TheP p .001 P p .014
reduction observed on coatings containing only MB was at
an intermediary level that was not significantly different from
the reduction observed on control coatings or on those con-
taining MB � Au, for both aerobically ( andP p .063 P p

, respectively) and anaerobically ( and.348 P p .546 P p
, respectively) cultivated microbes..358

The overall mean light intensities (� SEM) for the 6- and
24-hour irradiation experiments with MRSA were

and , respectively. When ir-2,368.8 � 22.41 2,102.4 � 16.59
radiated for 24 hours, silicone coatings containing MB and
those containing MB � Au achieved substantial reductions
of 99.33% and 99.99%, respectively, compared with control
coatings (Figure 2A). This level of killing was highly signif-
icant for both coating types ( ). There was no signif-P ! .001
icant difference in the level of killing observed between coat-
ings containing MB and those containing MB � Au over 24
hours ( ). When control, MB, and MB � Au poly-P p .381
mers were kept in the dark, increases of 133%, 204%, and
215%, respectively, in the viable count were found. When the
irradiation time was reduced to 6 hours (Figure 2B), coatings
containing MB and those containing MB � Au reduced the
viable count by 56.51% and 92.30%, respectively, compared
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figure 2. Survival of methicillin-resistant Staphylococcus aureus
(MRSA) suspensions on the surface of silicone elastomers exposed
to 28-W fluorescent light. A, Bars represent the mean number of
MRSA (� standard error of the mean [SEM]) recovered after a 24-
hour incubation (22�C), expressed as a percentage of the initial
MRSA inoculum at time zero. Results are from 3 independent ex-
periments performed in triplicate. An asterisk ( ) indicates that the∗
reduction in the recovery of viable bacteria is significantly different
( ) from that for the control coating. B, Bars represent theP ! .05
mean number of MRSA (� SEM) recovered after a 6-hour incu-
bation (22�C), expressed as a percentage of the initial MRSA in-
oculum at time zero. Results are from 5 independent experiments
performed in triplicate. An asterisk ( ) indicates that the reduction∗
in the recovery of viable bacteria is significantly different ( )P ! .05
from that for the control coating, and a caret (^) indicates that the
enhancement in the reduction of viable MRSA is significantly dif-
ferent ( ) from that for the MB coating.P ! .05figure 1. Recovery of viable microbes from the surface of silicone

elastomer samples placed in a dental clinic for 48 hours and exposed
to light from a 28-W fluorescent lamp. Bars represent the mean
number of colony-forming units (CFUs; � standard error of the
mean) per silicone coating for aerobically and anaerobically culti-
vated microbes. Results are from 20 independent experiments per-
formed in duplicate. An asterisk ( ) indicates that the reduction in∗
the recovery of viable microbes is significantly different ( )P ! .05
from that for the control coating. MB, methylene blue; Au, gold.

with control coatings. This reduction was highly significant
for both coating types ( for MB and forP p .006 P ! .001
MB � Au). MB � Au polymers showed a further reduction
of 82.29% of viable microbes detected on coatings containing
MB and a significant enhancement ( ) in the reduc-P p .003
tion of total viable MRSA by 35.79% compared with MB
coatings.

discussion

The results of this study show that silicone polymers con-
taining MB and 2-nm gold nanoparticles are able to reduce
the microbial load in a clinical environment when irradiated
with white light at an intensity similar to that encountered
adjacent to a patient during treatment as well as in certain
other areas of hospitals. Regulations specify minimum light
intensities of 1,000 lux for accident and emergency depart-
ments, 10,000 lux for pathology laboratories, and up to
100,000 lux for operating theaters.5 Polymers containing only
MB were less effective than those that also contained gold
nanoparticles, as the latter achieved statistically significant
reductions of 71% and 55% for anaerobically and aerobically
cultivable microbes, respectively. It was of interest to deter-
mine the ability of the polymers to kill very high numbers
of a clinically important bacterium, MRSA, under lighting
conditions similar to those used in clinical testing. When
exposed to white light of more than 2,000 lux, silicone poly-

mers containing MB and those containing MB � Au inoc-
ulated with 108 CFUs of MRSA were able to achieve reduc-
tions of more than 99% in the viable count over 24 hours.
This confirms the potential for these types of polymers to
be useful antimicrobial coatings. Although there was no
difference in the MRSA-killing ability of MB polymers and
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MB � Au polymers over 24 hours, over a 6-hour period
the MB � Au polymers were more effective than MB poly-
mers at reducing MRSA numbers.

When tested in a dental clinic, the coatings appeared to
be less effective at reducing microbial numbers than they were
under laboratory conditions. However, the clinical setting is
a diverse environment with multiple factors that contribute
to microbial flux at any given time. The amount and type of
clinical activity taking place, the level of air flow, and the
prevailing ambient temperature all contribute to the extent
of the microbial load. In such an environment, there will
likely be continual arrival of new microbes on surfaces. Given
that there is likely to be a lag between the arrival of a microbe
on a surface and light-activated killing, it is possible that
microbes settling on coating surfaces immediately before re-
moval from the clinic were not killed because of insufficient
time to enable lethal photosensitization. Additionally, some
microbial species are more difficult to kill than others—for
example, gram-positive bacteria are more susceptible than
gram-negative bacteria.6 Similarly, the liquid matrix in which
microbes in clinical environments are suspended (saliva, se-
rum) has an effect on microbial survival and on the effec-
tiveness of lethal photosensitization.7 Therefore, it is unlikely
that antimicrobial-coated surfaces would be completely free
of microbes at any given time.

In this study, we have demonstrated the ability of MB-
embedded silicone polymers to reduce the microbial load in
a clinic. We have also shown that the incorporation of 2-nm
gold nanoparticles into these polymers enhances the reduc-
tion in microbial load. This is the first report, to our knowl-
edge, of the effectiveness of such nanogold-containing poly-
mers under fluorescent lighting in a clinical environment.
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