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Abstract: The aim of this study was bacteriological assessment of the dental unit
waterlines (DUWL) biofilm - concentration and composition of the aerobe and faculta-
tive anaerobe bacterial microflora, and evaluation of the influence of a disinfecting
product, Oxygenal 6, on the biofilm composition. Tubing fragments were taken from 25
units twice, before and after disinfection, and bacterial suspension of the biofilm was
obtained from the samples. The bacterial flora was determined with the plate culture
method. Bacteria were identified with biochemical microtests: APl 20E, APl 20NE
(bioMérieux, France) and GP2 MicroPIBtgBIOLOG, USA). Before disinfection, the
following bacteria were identified: Gram-negative bacterigRalstonia pickettji
Pseudomonas vesicularisSphingomonas paucimobilisanthomonas maltophilja
Gram-positive cocci Micrococcus luteusMicrococcus lylag Staphylococcus cohnii
Staphylococcus lentpsStaphylococcusspp., Streptococcusspp.; Actinomycetes -
Streptomyces albu3he prevailing bacteria werRalstonia picketti(78.62%), found in

all the units, andSphingomonas paucimobili0.45%). After DUWL disinfection,
Sphingomonas paucimobil{88.79%)dominated in the biofilmStaphylococcuspp.-
5.61% and Pseudomonaspp. - 3.74% were next most frequently occurring bacteria,
and in more than a half of the biofilm samples 100% reduction of the bacterial
microflora occurred. This study confirms effectiveness of Oxygenal 6 in bacterial
decontamination of the DUWL biofilm.
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Biofilm, which forms on the wall of dental unit water- MATERIAL AND METHODS
lines, is considered as a source of microbiological water
contamination [7, 11, 12]. Therefore, it seems justified The study included 25 dental units located in public
that disinfection, the aim of which is to guarantee a goatkental clinics. To bacteriologically assess the biofilm for-
microbiological quality of water, should be targeted at thmed on the inside walls of the unit waterlines, a 15 mm-
biofilm, and evaluation of a disinfectant should be basddng fragment of the tubing was aseptically taken from
on its effectiveness against the biofilm in the conditionsach unit. The tube fragments were taken twice: before
of a dental surgery [17]. disinfection, and on the 15th day after implementing a

The aim of this study was bacteriological assessment disinfecting procedure. The tube fragments were immer-
the DUWL biofilm - concentration and qualitative com-sed in 2 ml of sterile buffered solution of physiological
position of aerobe and facultative anaerobe of the bagalt with calcium chloride and magnesium chloride, and
terial microflora, and evaluation of the influence of ahaken in order to obtain bacterial suspension.
disinfecting product, Oxygenal 6, on the biofilm com- Concentration and qualitative composition of bacterial
position. microflora in the supernatant liquid were determined with
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the plate dilution method using surface culture on the GP2 MikroPlate™ test technique.GP2 MicroPlate™
appropriate agar media: blood agar to determine the totala standardised micromethod to identify Gram-positive
number of bacteria and mesophilic actinomycetes, eosihacteria on the basis of their metabolic pattern, using 95
methylene blue (EMB) agar to identify Gram-negativdiochemical characteristics. BIOLOG system determines
rods. Tenfold dilutions with the sterile solution of physiothe ability of microorganisms to use or to oxidise com-
logical salt were prepared from the initial water samplepounds which are carbon sources. The examined strains
Next, 0.1 ml of the examined liquid was taken from eacbf Gram-positive bacteria were suspended to a specified
dilution and evenly spread on the surface of the agedensity in 0.4% gelifying solution, and after adding 3
media in 2 parallel repetitions. The cultures on blood agdrops of sodium tioglycolate (5 mM) which inhibits false
and EMB agar were incubated for 24 hours at 37°C, ®sitive responses, 150 ul of the suspension was pipetted
days at room temperature (22°C), and 3 days at 49%@to each of 96 wells of the plate. The microplates were
Prolonged incubation at lower temperatures was to enaliteubated for 24 hours at 35°C. The colour indicator used
growth of some meso- and psychrophilic species. in the test - tetrazolium violet - responded to the meta-

After incubation, preliminary identification of bacteriabolic processes by changing colour into purple in the
grown on each medium was performed followingvells positive for a given strain. The results were read
instructions of the manuals (Bergey’'s Manual...) [5, %after 6 and 24 hours of incubation, comparing the colour
19]: the colonies grown were first assessed macroscopi-liquid in the wells with the reference negative control.
cally, considering such characteristics as size, shafgée results were subsequently analysed with MicroLog™
structure, colony colour, etc., and next with microscopicomputer programme, provided by the manufacturer. To
methods, staining the bacterial preparations with Graidentify a given bacterial species with the programme, the
method. The total number of bacteria and the number sifmilarity index match (SIM) should reach at least 0.75
particular morphological types were determined, and ther the microplates read after 6 hours of incubation, and at
concentration was reported as colony forming units in lgast 0.50 for the microplates incubated for 24 hours.

ml of water - cfu/ml.

Next, the strains of most frequently occurring bacteria Application of a disinfecting procedure. The used
were isolated and identified to the level of species dlisinfectant was Oxygenal 6 (KaVo, Germany) containing
genus with biochemical microtests: APl 20E tes6% hydrogen peroxide whose action is enhanced by silver
(bioMérieux, Marcy I'Etoile, France), which is used toions. The product is designed for the use in dental sur-
identify Gram-negative bacteria of Enterobacteriaceageries and admitted to trading in Poland. The disinfectant
family and other fermenting Gram-negative rods, APWas used according to the manufacturer’s instructions to
20NE test (bioMérieux, Marcy I'Etoile, France) to identifyobtain a desired hydrogen peroxide concentrations.
non-fermenting Gram-negative rods, and GP2 MicroPlateWUWL disinfection procedure was two-stage. First,
test (BIOLOG, Inc., Hayward, CA, USA) used toDUWL underwent intensive disinfection with 0.25%
determine Gram-positive bacteria. All the tests werBydrogen which was kept present in all the waterlines
performed according to the manufacturer’s instructions. elements for 30 minutes thanks to a continual flow of

water from the reservoir to the handpieces - water was
API 20E and API 20NE test techniqueAn appropriate flushed through all the unit handpieces. The second stage
API system to identify Gram-negative rods was selectamnsisted in the constant presence of 0.02% hydrogen
after testing the ability of producing cytochrome oxidasperoxide in DUWL for 2 weeks.
by the examined strains. To establish this, the bacterial
mass was applied to the reacting surface of a test stripStatistical analysis. The obtained results were
(Bactident Oxidase, Merck, KGaA, Germany) and aftgprocessed using Microsoft Excel 2000, Statistica 5.1. The
20-60 seconds results were read. Oxidase-positive straiassumed error risk was 5%.
causing the strip to change colour to blue or purple-blue,
were identified with APl 20NE test, while oxidase- RESULTS
negative strains (causing no colour change) were determi-
ned with APl 20E test. Biochemical identification sys- The identified bacteria were found in all the biofilm
tems, API 20E and APl 20NE, consisting of 20 microsamples taken from the inside walls of dental unit
tubes, containing dehydrated substrates, were filled withaterlines. Before disinfection, the following Gram-
bacterial suspension of an appropriate opacity in sterifegative bacteria were presenRalstonia pickettii
physiological salt, and subsequently incubated for 18-ZPseudomonas pickejti Pseudomonas vesiculafris
hours at 35°C (APl 20E) and 24-48 hours at 30°C (ARphingomonas paucimobiliXanthomonas maltophilja
20NE). Metabolic processes occurring during incubatio®ram-positive cocci:Micrococcus luteus Micrococcus
caused changes in colour which followed spontaneoudijae, Staphylococcus cohnii Staphylococcus lentus
or after application of indicatory reagents. After readin@taphylococcuspp., Streptococcusspp. and actinomy-
the reaction, strain identification was obtained on theetes: Streptomyces albusRalstonia pickettii were
basis of a 7-digit numerical profile, found in APl 20E oipresent at all operative siteSphingomonas paucimobilis
API 20NE code books. was isolated from the biofilm taken at 12 sites,
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Table 1. Bacteria identified in the biofilm at individual operative sitesTable 3 Concentration of bacteria isolated from the biofilm before and

before disinfection and after disinfection. after DUWL disinfection (cfu/ml).

_ __ Sitenumber Before disinfectiol After disinfection
Bacteria Before disinfection  After disinfection - -
Gram-negative bacteria Mean Min Max Mean Min Max
Ralstonia picketti ~  1,2,3,4,5,6,7,8, Gram-negative235,870.8 4,300 756,000 39.6 0 330
(Pseudomonas pickettii) 9, 10, 11, 12, 13, 14, bacteria

15, 16, 17, 18, 19,

20, 21, 22, 23, 24, 25 Gram-positive 444.8 0 3,000 3.2 0 20
Pseudomonas diminuta 9 coccl
Pseudomonas vesicularis 9, 18 Actinomycetes 0.4 0 10 0 0 0
Sphingomonas paucimobilisl, 2, 3,4, 6,9, 14, 1,2,3,9, 13, 14, Micrococcus 215.2 0 2,000 0.8 0 10

16, 18, 19, 21, 25 16, 21 bacteria
Xanth ili

anthomonas maltophilia 13, 14, 15, 16, 21, 25 Pseudomonas 185,777.2 2,430 752,000 0 0 0
Gram-positive bacteria pickettii
Cocci: Staphylococcus  213.6 0 2000 24 0 20
Micrococcus luteus 2,4,5,8,9,15,18 11,22 bacteria
Micrococcus lylae 6 Total bacteria 236,316 4,84C 756,000  42.8 0 330
Staphylococcus cohnii 57,8,9,12
Staphylococcus lentus 14, 16 mean - mean con_centration for all_sites, min - minimum concentration at
a site, max - maximum concentration at a site.
Staphylococcuspp. 6 1,4, 15,16,21
Streptococcuspp. 6 . . .
P PP literature, however, reports numerous cases of infection
Actinomycetes: . . . . . . L
with this microorganism, especially in hosts with immu-

Streptomyces albus 4

nity impaired as a result of an underlying disease [5, 8,

18]. Sphingomonas paucimobilisaerobe Gram-negative
Table 2. Average concentration (cfu/ml) and proportion of particulatrOdS' may be isolated from different _envwon_me_nts a_nd
genera/species of bacteria in biofilm samples before disinfection aliman-related sources; they are associated with infections
after disinfection. connected with the use of catheters [14].

In the examined DUWL biofilm samples, bacteria of

Bacteria of Before disinfection After disinfection .
genus/species the Pseudomonadaceae family were the most common:
0, 0, . . . . .
cfu/ml %  chu/ml % they are widespread in the environment, their presence is
Pseudomonaspp 186,233.2 78.81 16 3.74 related to water supply, and they are seldom pathogenic
Sphingomonas 48,319.2 20.45 38.0 88.79 [5, 6]. A small proportion of the bacteria belong to the
paucimobilis human oral cavity microflora Streptococcusspp. and
Staphylococcuspp. 213.6 0.09 2.4 5.61 Staphylococcuspp. [6], which most probably penetrated
Streptococcuspp. 16.0 0.01 0.0 0.00 DUWL as a result of sucking back fluids from patients’
Micrococcusspp. 215.2 0.09 0.8 187 oral cavities. . _
Xantomonas 1.318.4 0.56 0.0 0.00 After applllcatlon of a dls_lnfectmg_ procedure,_both the
maltophilia number of isolated bacterial species and their concen-
Streptomyces albus 04 0.0002 0.0 000 tration, decrfeased. Bacterla.|solz_:1Fed from 12 biofilm
samples,Sphingomonas paucimobilisfrom 8 samples,
Total 236,316.0 100 42.8 100

Staphylococcusspp. - from 5 samplesMicrococcus

luteus - from 2 samplesPseudomonas diminutafrom

Micrococcus luteus at 7 sitesXanthomonas maltophilia one sample (Tab. 1).
- at 6 sitesStaphylococcus cohniiat 5 sites (Tab. 1). After DUWL disinfection,Sphingomonas paucimobilis

In the biofilm, before disinfection the average concen88.79%) dominated in the biofilngtaphylococcuspp. -
tration of total bacteria in all the samples was 236,31%61% andPseudomonaspp. - 3.74% were next most
cfu/ml, the minimum - 4,840 cfu/ml, and the maximum frequently occurring bacteria (Tab. 2). The average con-
756,000 cfu/ml (Tab. 2, 3). centration of total bacteria was 42.8 cfu/ml. Bacteria were

Ralstonia pickettii(Pseudomonas pickeltiprevailed, not found in all the biofilm samples. The maximum
constituting 78.61% of the total isolated bacteriaconcentration of bacteria in the biofilm at one operative
Sphingomonas paucimobili20.45%) andXanthomonas site was 330 cfu/ml (Tab. 2, 3).
maltophilia (0.56%) were second most frequently found The Wilcoxon test for related variables was used to
bacteria (Tab. 2). compare bacterial concentration in the biofilm before and

Ralstonia pickettii(Pseudomonas pickelti- aerobe, after application of a disinfecting procedure. A hypothesis
Gram-negative, non-fermenting, oxidase-positive rod¢hat there is no difference between bacteria concentration
may be isolated from environmental and clinical samplebefore and after DUWL disinfection, was verified with
They are believed to be of little clinical importance; thé¢his test.
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Table 4. Statistical analysis of DUWL disinfection influence on(Tah. 4). In the biofilm, after DUWL disinfectiotrepto-
bacterial concentration in the biofilm (Wilcoxon test). coccushacteria and actinomycetes were not found (Tab. 1).

This confirms the claim concerning the disinfectant effecti-

Bacteria T Significance
' _ veness.

Gram-negative bacteria 0.00 **0.000012 \wilcoxon test was used to analyse a decrease in the
Gram-positive cocci 12.00 ok 0.0038 humber of genera/species of bacteria isolated from the
Micrococcusbacteria 3.00 . 0.012520 biofilm samples taken f_;lfter application of a disinfecting

_ procedure. The analysis showed that the decrease was
Staphylococcubacteria 6.00 * 0016374 highly statistically significant (Tab. 5, 6).
Pseudomonabacteria 0.00 ok 0.000012
Total identified bacteria 0.00 *kk 0.000012 DISCUSSION

T - Wilcoxon test value for groups: n25; p - significance level for Control methods of the microbial quality of DUWL
Wilcoxon test; * - p<0.05, ** - p<0.01, *** - p<0.001. water include different DWUL treatment methods of
] S ~varying effectiveness [12].
Table 5. Number of gene_ra/speqes of bacteria identified in the biofilm Studies concerning the treatment of dental water and its
before and after DUWL disinfection. . . . .
quality have focused on two principal issues: reducing the

Site Before disinfection After disinfection microbial count of water samples to or below the 200

1 2 2 cfu/ml standard recommended by the ADA in 1964, and
2 3 1. o . . . i

3 5 1 identifying effective mechanical techniques and chemical
4 4 1 disinfectants for treating dental unit waterlines [4].

5 3 0 According to Walker and Marsh [17], many researchers
6 5 O and dentists were, and still are, primarily concerned only
7 2 0 . ; . .
8 3 o With the bacteria present in the water-born phase. This is
9 5 2 understandable as it is only the liquid, and hence the
10 1 0 bacteria in the liquid-phase, with which the patient comes
11 1 1 in contact. However, these bacteria are often derived from
12 2 0 . = . . .

13 5 ;1 biofilm community that establishes on the tubing.
14 4 1 Consequently, the properties and significance of hetero-
15 3 1 geneous mass of bacteria that attach and grow on the
1? ‘1‘ (2) inside wall of the piping within DUWL as a biofilm have
18 2 o hotalways been addressed.

19 2 0 Therefore, its seems essential to investigate the
20 1 0 influence of disinfectants on the DUWL biofilm.

g; i i The finding by Walkeet al.[15] that there was a direct

23 1 o correlation between the numbers of bacteria in biofilm
24 1 o and planctonic samples, confirms the need to focus
25 3 0 DUWL water control activities on biofilm. However, it

should be remembered that the DUWL biofilm control is
Tabela 6.Analysis of influence of DUWL disinfection on the number ofdifficult due to biofilm specific properties [17].
genera/species of bacteria isolated from the biofilm. The biofilm bacteria usually exist in a microniche, in a

complex microbiological community which is characteri-

Bacteria T Significance L . - .
: gnin P sed by a primitive homeostasis, circulation systems, and

Biofilm 0.00 Hx 0.000040 metabolic cooperation. Bacteria established in biofilm

T - Wilcoxon test value for groups n 25; p - significance level for show dlfferent responses than the same cells in the
Wilcoxon test, *** - p<0.001. planCtOﬂlC form [1, 2, 3, 7, 10]
According to the accepted hypotheses, the resistance of

For the needs of statistical analysis, the followingiofilm to antimicrobial products is due to: 1. slow, in-
groups were distinguished: Gram-negative bacteria, Graeemplete or faulty penetration of antibacterial substances
positive cocci, bacteria d¥licrococcusgenus, bacteria of through the biofilm matrix; 2. changed growth rate of
Staphylococcuggenus, bacteria oPseudomonagienus, biofilm forming organisms; 3. other physiological chan-
total identified bacteria. ges resulting from modifications of biofilm growth, caused

The statistical analysis showed a highly significantainly by the conditions existing in the microenviron-
decrease in the concentration of Gram-negative bactenmaent. Extracellular polymeric substances which form the
Pseudomonabacteria and total identified bacteria in thebiofilm matrix, constitute a diffusive barrier for prepara-
biofilm after using a DUWL disinfectant. A decrease irtions and drugs, slowing down the rate of particles trans-
the concentration of Gram-positive cocdilicrococcus port to deep layers of the biofilm structure, or through a
and Staphylococcudacteria was statistically significant specific reaction of a drug with the matrix polymer.
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