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The aim of this study was to examine the survival dynamics of several epidemic health care–associated (HA) and community-
associated (CA) methicillin-resistant Staphylococcus aureus (MRSA) in planktonic state in widely employed denture-cleaning solu-
tions. The bacteriocidal activity of five widely employed denture-cleaning formulations were examined against five phage-types of
HA-MRSA (EMRSA 15, EMRSA 16, Irish 1, Irish 2, unique type), as well as a CA-MRSA strain, in this study. Viable MRSA cells (circa
105 cfu/mL) were coincubated with optimum recommended working concentrations of denture-cleaning solutions for up to 17
hours (overnight). Recovery experiments were unable to isolate any of the inoculated MRSA organisms 10 minutes post inocula-
tion. The significance and impact of this short study indicates that HA-MRSA and CA-MRSA are not able to remain culturable for 10
minutes in planktonic form, in commonly used denture-cleaning formulations widely available on the UK High Street, suggesting
that these formulations may be useful in lowering the numbers of MRSA. Further work is however required to examine the more
complex survival dynamics of MRSA in naturally derived denture biofilm, associated with dental plaque and the use of such clean-
ing formulations. (Am J Infect Control 2007;35:619-22.)
Hospital outbreaks due to methicillin-resistant
Staphylococcus aureus (MRSA) have become a major
problem in nososcomial infections, warranting pro-
grammes to control its dissemination. Given the poten-
tial of MRSA to produce invasive infections, particularly
in vulnerable patients and its multiple resistance to
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antibiotics, which limits the therapeutic options avail-
able,1 it is important that studies are designed to help
our understanding of how this organism survives in
everyday situations. More recently, community-associ-
ated (CA) MRSA has been documented among healthy
individuals without any predisposing risk factors,2

unlike its health care–associated (HA-MRSA) relative.
The appearance and spread of CA-MRSA represent
a new challenge in medicine and has important clini-
cal implications for therapy of infections caused by
Staphylococcus aureus.

Previously, studies have reported on the contamina-
tion of patients’ oral cavities3 and dentures4 with both
methicillin-sensitive Staphylococcus aureus, as well as
MRSA. These studies concluded that staphylococci are
frequent colonizers of the oral cavity and that such sites
may serve as a potential reservoir for transmission to
other body sites,3 as well as that dentures may sustain
persistent nasopharyngeal MRSA colonization.4

Therefore, any intervention that can eliminate or
reduce the burden of MRSA colonization of dentures
should be encouraged in order to help reduce the
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Table 1. Composition of constituents of denture-cleaning formulations employed

Retail Product

Composition

(in order of

listing)

Steradent Triple

Action

Tesco Denture

Cleanser

Tesco ‘‘Value’’

Denture Cleanser

Steradent Active

Plus Dentural

Sodium sulfate Sodium bicarbonate Sodium bicarbonate Sodium bicarbonate Sodium

hypochlorite

(1.5% w/v

available

chlorine)

Potassium caroate Sodium sulfate Sodium sulfate Sodium sulfate Sodium

hydroxide

(1.7% w/v)

Sodium bicarbonate Potassium caroate Potassium caroate Citric acid Purified water

Citric acid Sodium carbonate Sodium carbonate Potassium caroate Calgon S

Sodium carbonate Malic acid Citric acid Sodium carbonate Sodium

metasilicate

Sulfamic acid Citric acid Malic acid Sodium carbonate

Peroxide

Terpinolene

Sodium lauryl

sulfate

PEG-150 PEG-150 PEG-150 Paraformaldehyde

Aroma PEG-90 PEG-90 Malic acid

CI 45430 Sulfamic acid Sulfamic acid PEG-90

Aroma Aroma Tetracetylethylenediamine

Sodium

dodecylbenzenesulfonate

Sodium

dodecylbenzenesulfonate

Sulfamic acid

CI 45430 CI 45430 Aroma

PEG-350

Sodium cocyl

isethionate

Ceteareth 80

CI 45430

CI 74260

CI74160
burden of chronic carriage in the patient population. To
date, there have been no reports on the bactericidal
activity of retail denture-cleaning formulations, which
are commonly used by patients to clean their dentures
on an everyday basis. Hence, it was the aim of this pre-
sent short study to examine the survival dynamics
of both HA-MRSA (5 different epidemic strains) and
1 strain of CA-MRSA in planktonic state (i.e., when
the bacterial cells are suspended in the denture-clean-
ing formulations and are not associated with physical
attachment to any denture), in the presence of five
commonly used denture-cleaning formulations, widely
available at retail sale.

MATERIALS AND METHODS

Description of community- and nosocomial-
acquired MRSA strains employed in this study

Six strains of MRSA, including HA-MRSA (n 5 5) and
CA-MRSA (n 5 1), were examined in this study, includ-
ing representative MRSA phage-types, EMRSA 15 (n 5

1), EMRSA 16 (n 5 1), Irish 1 (n 5 1), Irish 2 (n 5 1)
and a unique phagetype (n 5 1), as well as CA-MRSA
(n 5 1). All HA-MRSA isolates were taken from the
MRSA culture collection archived in the Department
of Bacteriology, Belfast City Hospital. All HA-MRSA
isolates were obtained from clinical cases of MRSA-
associated infection presenting at Belfast City Hospital
over the period July 2003 to December 2004. The CA-
MRSA isolate was supplied by Dr. Trevor Winstanley,
Royal Hallersham Hospital, Sheffield, England. Initially,
the phenotypic identity checks of the isolates were
confirmed on revival of each isolate from the archive,
including colonial morphology, Gram’s stain (1ve),
coagulase-tube test (1ve), latex slide agglutination
assay (1ve) and detection of the presence of the
mecA gene locus by PCR (mecA PCR 1ve), as previously
described.5 All isolates were previously phage-typed
by the Staphylococcus aureus Reference Laboratory,
Health Protection Agency, Colindale, London.

Source and preparation of denture-cleaning
formulations

Denture-cleaning formulations were purchased from
a local retail supermarket, as detailed (Table 1). Each
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Table 2. Mean survival of five strains of health care–associated MRSA (EMRSA 15, EMRSA 16, Irish 1, Irish 2, unique type)
and 1 strain of community-associated MRSA with five commonly employed denture-cleaning formulations following
10 minutes of exposure to cleaning solution

Denture-cleaning formulation

Steradent Triple

Action

Tesco Denture

Cleanser

Tesco ‘‘Value’’

Denture Cleanser Steradent Active Plus Dentural

Organism t 5 0 min t 5 10 min t 5 0 min t 5 10 min t 5 0 min t 5 10 min t 5 0 min t 5 10 min t 5 0 min t 5 10 min

Irish 1 4.64 ND 4.64 ND 4.64 ND 4.64 ND 4.64 ND

Control* 5.45 5.44 5.44 5.48 5.58 5.57 5.42 5.42 5.62 5.66

Irish 2 4.65 ND 4.65 ND 4.65 ND 4.65 ND 4.65 ND

Control 5.37 5.32 5.57 5.50 5.26 5.27 5.53 5.46 5.02 4.94

EMRSA 15 3.45 ND 3.45 ND 3.45 ND 3.45 ND 3.45 ND

Control 5.01 5.02 4.87 4.85 4.90 4.95 4.97 5.00 4.88 4.88

EMRSA 16 2.52 ND 2.52 ND 2.52 ND 2.52 ND 2.52 ND

Control 5.27 5.22 5.16 5.19 5.35 5.31 5.12 5.12 5.09 5.07

Unique type 5.06 ND 5.06 ND 5.06 ND 5.06 ND 5.06 ND

Control 5.15 5.10 5.58 5.58 5.31 5.29 4.97 4.92 5.12 5.12

CA-MRSA 4.27 ND 4.27 ND 4.27 ND 4.27 ND 4.27 ND

Control 5.47 5.48 6.25 6.25 5.38 5.37 4.84 4.77 5.44 5.41

ND 5 none detected.

*Control 5 treatment minus denture-cleaning formulation.
formulation was reconstituted in accordance with the
manufacturer’s recommendations. Briefly, each tablet
was dissolved in 100 mL of deionized water at ambient
temperature, which was followed by filter-sterilization
through a 0.22 mm filter (Halgene, Inc., Rochester,
NY), immediately and prior to inoculation with MRSA.

Inoculation and storage of MRSA in
denture-cleaning fluid

CA-MRSA and HA-MRSA cultures were prepared
overnight (t 5 17h) by growing each strain individually
at 378C (24h) on Columbia Blood Agar (Oxoid CM0331)
supplemented with 5% (v/v) defribinated horse blood.
Cells were harvested into 0.1%[w/v] peptone saline
(Oxoid CM0733) and adjusted with peptone saline to
a cell density of approximately MacFarland 0.5. For
each individual MRSA strain, an inoculum of 10 mL
was added individually to each filter-sterilized cleaning
fluid (20 mL), approximating to 104 (log104) colony-
forming units (cfu/mL denture-cleaning fluid) (Table
2). Fluid 1 inoculum were subsequently stored at am-
bient temperature for 17 hours (overnight) and sam-
pled at t 5 0, 10 minutes, 20 minutes, and 17 hours.
Viable MRSA were enumerated at each time point by
transferring 1 mL fluid/inoculant solution to 9 mL pep-
tone saline and subsequently preparing and enumerat-
ing 10 fold serial dilutions to 1026, whereby 100 mL was
inoculated and spread onto Columbia Blood Agar (Ox-
oid CM0331) supplemented with 5% (v/v) defribinated
horse blood. Viable bacterial counts were expressed as
the mean log10 cfu/ml of triplicate counts. Controls
were setup for each combination of MRSA/cleaning
formulation, as described earlier, with the absence of
denture-cleaning formulation.

Statistical analyses

Statistical analyses were performed where appropri-
ate employing the Student’s t-test, where a probability
value of P , .05 (5%) was considered significant.

RESULTS AND DISCUSSION

On retrieval from the culture archive, all isolates
gave phenotypic results that were consistent with
MRSA, and all isolates were mecA PCR positive (data
not shown). Six MRSA strains were inoculated sepa-
rately into individual denture-cleaning solutions to
give an inoculum concentration of approximately 104

cfu/ml (Table 2) and were stored, as described. Quanti-
tative enumerative counts were not able to detect any
culturable MRSA organisms after 10 minutes, with any
denture-cleaning fluid examined (Table 2), whereas re-
ciprocal controls demonstrated sustained survival of
each MRSA isolate, which did not differ significantly
from the inoculum concentration at t 5 0 (Table 2).
There was no significant difference in survival dynam-
ics between the CA-MRSA and the HA-MRSA, or between
individual strains or denture-cleaning formulations.

Several studies have identified MRSA to be present in
the mouth and oral cavity.3,4 Another study has shown
that some of the most common sites for positive MRSA
colonization are the nares and mouth.6 A recent study
in Glasgow demonstrated that MRSA was isolated from
5% of 5005 oral specimens, where the tongue swab
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was the most common site for the isolation of this or-
ganism.7 Clinical attempts to eradicate MRSA from pa-
tient groupings, which have a high MRSA carriage rate
(e.g., elderly patients in nursing and primary care set-
tings) may therefore be hindered by constant reinfec-
tion from inadequately cleaned dentures, which may
act as a reservoir for MRSA and subsequently reinfect
the oral cavity of patients, whom clearance of MRSA
is being actively pursued. Hence, it is important to
examine the effect common denture-cleaning formula-
tions have on MRSA organisms.

This study examined the bactericidal activity of five
widely used retail denture-cleaning formulations had
on six MRSA organisms including five HA-MRSA and
one CA-MRSA strains. In all cases, conditions were
attempted to mimic the routine day-to-day cleaning
of dentures by patients and in accordance with the
manufacturers’ recommendations, as how best to use
these cleaning aids. For all MRSA strain/cleaning
formulation combination tested, we were not able to
recover any culturable MRSA organisms, following
10-minute exposure of the MRSA to the cleaning fluid,
in planktonic state. Previous studies on the ability of
personal dental products, including mouth washes,
to kill colonizing oral MRSA organisms, demonstrated
that Listerine mouthwash was able to completely kill
MRSA following 30 seconds of exposure.8,9

Although we were not able to recover any culturable
MRSA organisms from any cleaning solution after 10
minutes of exposure, this does not necessarily mean
that exposure of contaminated dentures to such solu-
tions will eradicate all MRSA organisms present. Such
an inability to successfully clear all contaminating
MRSA on dentures may be attributed to the MRSA being
trapped within potentially complex biofilms on the
surface of dentures, with protection being offered
from the biofilm, thus enhancing the survival of the
biofilm-associated microflora, including MRSA. Oie
et al10 investigated the effect of disinfectants on biofilm
cells of MRSA and demonstrated that eradication of
biofilm cells by chlorhexidine gluconate, benzalko-
nium chloride, alkyldiaminoethyl glycine, and sodium
hypochlorite required a much longer time than that
of planktonic cells in suspensions. Benzalkonium chlo-
ride (0.1%) and alkyldiaminoethyl glycine (0.1%) were
ineffective for eradication of biofilm cells even after
1 hour, but were effective for eradication of planktonic
cells within 20 seconds. Likewise, sodium hypochlorite
(0.01%) was also ineffective for eradication of biofilm
cells even after 30 minutes, but was lethal to planktonic
cells within 20 seconds.

In conclusion, this short study indicates that HA-
MRSA and CA-MRSA are not able to remain culturable
for 10 minutes in planktonic form, in commonly
used denture-cleaning formulations widely available
on the UK High Street. This indicates that when these
organisms are free-living in the denture-cleaning solu-
tion, the solution is bacteriocidal against these orga-
nisms. Further work is however required to examine
the more complex survival dynamics of MRSA on nat-
urally derived denture biofilm, associated with dental
plaque and the use of such cleaning formulations.
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