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FIG. 1. Reproducibility of planktonic counts from chemostat water samples from DUWS model within and between four independent ex-

periments.

(range 8.5 X 10* to 6.8 X 10° CFU - ml~ ') was passed through
the DUWS tubing. This level was comparable to that observed
in some GDP DUWS (33). Gram-negative and oxidase-nega-
tive bacteria were the predominant groups detected. Bacte-
rial numbers recovered from the biofilm were initially low, at
<1.0 X 10°> CFU - cm 2 over the first 7 days, but then in-
creased and stabilized at a geometric mean of 3.4 X 10* CFU
-cm”? (range, 1.3 X 10* to 1.1 X 10° CFU - cm~?) by day 14.
Biofilm coverage was initially low (geometric mean, 0.5%;
range, 0.3 to 1.9%) for the first week; during the period 8 to 14
days, the surface coverage stabilized at a geometric mean value
of 8.9% (range, 3.3 to 26%). Since the variability of 14 day
biofilms was lower than that of the younger biofilms, these
were used for comparison of products in all subsequent stud-
ies.

Reproducibility within and between different runs. Compar-
ison of within-run versus between-run variations in planktonic
counts showed no significant differences (by ANOVA, F =
1.44 and P = 0.27) (Fig. 1). Similarly, biofilm counts were
reproducible in repeat runs, compared to within an individual
run (by ANOVA, F = 1.23 and P = 0.24) (Fig. 2).

Effect of flushing and disinfectants on biofilm viability and
coverage. Biofilms generated over 14 days had a geometric
mean of 3.4 X 10° CFU - cm 2. Flushing as recommended by
the BDA, resulted in only a small reduction in the biofilm TVC
(9.1%) and percentage coverage (0.5%). A number of disin-
fectants such as Combizyme and ozone did not completely
eliminate viable bacteria (70 and 65% reduction, respectively),
nor did they remove the biofilm (45 and 57% reduction in
coverage, respectively). Chlorhexidine and Bio2000 (active
agents, ethanol and chlorhexidine) both completely eliminated
viable bacteria but were not able to remove the biofilm from
the surface (31 and 53% reduction in coverage, respectively).
Likewise, Tegodor and Gigasept Rapid (aldehyde based) and

Grotanol (hydroxide based) achieved a 100% reduction in the
biofilm viability but did not remove the biofilm adhered to the
tubing surface (only a 33, 34, and 65% reduction in coverage,
respectively). Other products including Grotanol Flussig (phe-
nol based), Betadine (povidone-iodine based), Alpron (chlo-
rite based), and the hydroxide-containing products Sporklenz,
Sterilex Ultra, Dialox, Sterilox, Sanosil, Oxigenal, and Gro-
tanat Bohrerbad resulted in a 100% reduction in the biofilm
TVC and a >95% reduction of the biofilm coverage (Table 2
and Fig. 3).

DISCUSSION

Bacterial fouling of dental water systems has been recog-
nized as a problem for almost 40 years (6). Although the
majority of studies have been carried out in dental hospitals (4,
8), a more recent survey in the United Kingdom demonstrated
that DUWS in “High Street” GDPs are also contaminated by
relatively high numbers of bacteria (mean, 2.9 X 10° CFU -
ml—Y; range, 7 CFU - ml™ ! to 6.4 X 10* CFU - ml™!) (33).
Occasionally these DUWS systems also contained opportunis-
tic pathogens and oral bacteria. The latter observations sug-
gested failure of antiretraction valves and demonstrated the
potential for patient to patient cross infection. With the ever-
increasing presentation of human immunodeficiency virus-pos-
itive patients and hepatitis B virus carriers, care and precau-
tions must be undertaken to minimize the risk for cross
infection resulting from the use of DUWS, particularly to im-
munocompromised patients (23).

In the study on GDP-DUWS, there was a direct correlation
between the numbers of bacteria in biofilm and planktonic
samples (33). Since tap water going in to the DUWS should
have a microbial load of ca. =100 CFU - ml~!, the high levels
of bacteria are assumed to be due to build up of biofilm,
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FIG. 2. Reproducibility of biofilm counts after 14 days of generation within and between four independent experiments in the DUWS

model.

followed by shedding from the biofilm lining the tubing into
the water phase (33). As the water from the DUWS is used to
irrigate the oral cavity during dental treatment, it has been
recommended that the levels of microbial contamination
should be reduced (for example, the ADA have proposed a
threshold value of <200 CFU - ml~!) (16). Therefore, the
biofilm that accumulates on the tubing must be a major target
for any control strategy.

Statistical analyses confirmed that there were no significant
differences in either the planktonic or biofilm microbial loads,
either between or within experimental runs. Thus, the model
could be used with confidence not only to compare the efficacy
of products and control strategies within an experiment but
also between replicate experiments.

Current BDA guidelines suggest that dentists should allow
any hand piece that delivers water (low or high speed) to
discharge (flush) for at least 2 min at the beginning of the day
to reduce microbial contamination (3). Although it has been
reported that this approach could reduce contamination by
around 30% (41), our data agree with previous in-practice
studies, which demonstrated that 2 min of flushing did not
significantly reduce microbial counts (11). Longer periods of
flushing may be more effective (26), but this may not always be
practical in a clinical setting. In addition, our data suggest that
the biofilm which was not removed by flushing would rapidly
reseed the water and could act as a trap to capture planktonic
bacteria into an existing biofilm.

There are considered to be four categories of products that
are available to address microbial contamination in DUWS:
independent water systems, sterile water delivery systems, fil-
tration, and chemical treatment protocols (15). A previous
study demonstrated that there were no significant differences
between different DUWS systems, regardless of whether these

systems were mains or bottle or header tank fed or whether the
water supplied to them was hard, soft deionized, or distilled
(33).

An increasing number of disinfectant products are available
for microbial decontamination, many of which are being pro-
moted for use in DUWS (12, 19, 27, 29, 31, 42). In our study a
number of criteria needed to be satisfied in order for a product
to be considered for use in DUWS in GDP. These included (i)
killing of bacteria in the water phase, (ii) killing of biofilm
bacteria (since the biofilms are largely responsible for the high

TABLE 2. Percentage reduction of viable counts and biofilm
coverage after exposure to disinfectants and flushing

% Reduction of:

Treatment
Viable count Biofilm coverage

Flushing 9.1 0.5
Ozone 65 57.8
Combizyme 70 45
Tegodor 100 33
Sporklenz 100 92.6
Sodium hypochlorite 100 94.4
Chlorhexidine 100 31.77
Dialox 100 99.77
Betadine 100 97.3
Parmetol 94.8 31.3
Gigasept 100 34
Grotanol 100 64.9
Dioxiclear 100 94.7
Alpron 100 100
Sterilox 100 99.3
Sanosil 100 100
Oxigenal 100 99.2
Bio2000 100 53.2
Sterilex Ultra 100 97.3
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that comply with EU drinking water standards or ADA DUWS
guidelines and that daily or continuous treatment may be more
suitable. It is therefore important to determine the kinetics of
microbial killing. In this way, appropriate contact times, fre-
quency, and mode of application can be developed for clinical
use. The model system described in this work can provide
robust data of this type to inform public health policy with
respect to DUWS contamination. When using products con-
stantly in the DUWS there may be an inherent risk of micro-
bial resistance occurring (10, 18). Hence, a monitoring pro-
gram to determine that disinfectants are maintaining reduced
microbial numbers in DUWS should play a role in the GDP
health care policy (39).
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