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ABSTRACT

Background: The quality of dental unit water lines (DUWL) is of considerable
importance since patients and dental staff are regularly exposed to water and
aerosols generated from dental units which thereby influence the individual
patient outcome and health-care associated morbidity. The aim of the present
study was to determine the microbiological quality of water used, presence of
biofilms and also the potential of isolated bacterial species in producing
biofilms within DUWL.

Methods: Thirty DUWL samples were collected from various departments of
Manipal College of Dental Sciences, Mangalore. Bacteriological analysis was
done for the presence of various bacterial contaminants. Presence of biofilms
on DUWLs and potential of bacterial isolates to form biofilm were also
determined.

Results: Seven of 30 samples (23.3%), were found to be of unsatisfactory
quality (coliform count > 200 CFU/ml), most frequently from air/water syringes.
A total of 45 strains were isolated from 14 water samples. Genera isolated
were Escherichia spp., Enterobacter spp., Klebsiella spp., Pseudomonas spp.
and Acinetobacter spp. Four of 10 samples from DUWL tubing showed
presence of biofilms (40%), formed mostly by Acinetobacter spp. and
Pseudomonas spp. Out of 45 strains that were isolated, 19 strains displayed
ability to form biofilms. Maximum number (10) isolates formed biofilms with
48 hours.

Conclusion: Exposure to contaminated water from DUWL poses threat to the
well-being of the patient and the health care personnel as well. Hence,
measures should be initiated to ensure the optimum quality of DUWL water.
Keywords:  Enterobacteriaceae; Non-fermenting Gram-negative bacilli
(NFGNB); Dental Unit Water Lines (DUWL).
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INTRODUCTION

Dental unit water lines (DUWL) plastic tubes whidkliver water to hand-held instruments that are
routinely used in dental procedures. The signitearof the quality of these DUWLs cannot be over-
emphasised since the health-state of the patiahtttzs dental staff are considerably influenced [ljese
DUWLs are known to be colonised by multiple micrganisms. Another significant challenge about these
microbes is their ability to rapidly form biofilnfsllowing colonization [1]. Biofilm formation is amportant
survival strategy of these organisms that enalbopged persistence which in turn is associated wmitltiple
health hazards. Consequently, the bacteriologigality of dental unit water lines is usually unguedle with
high coliform count, sometimes as high as >10"6 @HU2]. Though available evidences suggest thase¢h
microbes are non-pathogenic to healthy individudtseese cause considerable morbidity in immuno-
compromised patients and those with generalise@rseilinesses [3]. Other than immuno-compromised
patients, these microbes cause opportunistic iofextin pregnant women, transplant-recipients, aged
alcoholics and smokers. Several studies have mgpdite isolation of various bacteria suchSagptococci
spp.,Saphylococci spp.,Pseudomonas spp.,Legionella, Escherichia spp. and few other Gram-negative bacilli
[4-7]. According to the Centre for Disease Con{©DC), the recommended coliform count of dentalewvat
should be < 500 CFU/mI of aerobic heterotrophictéaa. But the American Dental Association (ADA)sha
further reduced the standard cut-off coliform cotmk 200 CFU/ml of aerobic heterotrophic bact¢8h In
this study, ADA guidelines were followed to integprthe bacteriological quality. In this study, the
bacteriological quality of DUWL is assessed andrabierised on the basis of various parametersdikation
rate, isolated genera/ species, presence of bofimd the ability of isolated bacteria to form bing.

MATERIALSAND METHODS

The study was conducted in the department of miclogpy, KMC, Mangalore in collaboration with the
clinical department of Manipal College of Dentaleédces, Mangalore. The samples were collected &dntal
of 10 dental units. From each unit, the water sasiplere samples were obtained from:
* Air/water syringe - 3 in 1 syringe designed to dli air, water or air/water into mouth during dénta
treatment.
* Mouth-wash water-water
« Air rotor water sample.
Hence, it is three water samples from each unitimgek total of thirty (n=30) samples.

Sampling of DUWL

30 DUWL samples were collected randomly from 1@tdeunits at MCODS Mangalore. All the units
were supplied with containers for the collectiomafter samples.

Bacteriological analysis of DUWL samples

* 50 ml volumes of samples collected from air/watgingie, mouth-wash water and air rotor after disoting
the tip with 70% alcohol.

* Then inoculated into multiple tubes of MacConkexti (double/single strength).

* Incubated at 37C for 48 hours.

* Coliform count per 100 ml was estimated from nunifdubes showing acid/gas production.
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Isolation and identification of bacterial isolates from DUWL samples

The collected water sample was filtered using nramé filters. Then the organisms were washed by
vortexing the membrane in a container containingnilOof sterile PBS for 1 min. These samples were
inoculated into BHI broth for observation of ba@érgrowth. The sample showing growth after sugabl
incubation period was processed further for thentifieation of the isolate by standard microbiolca)i
methods [8].

Detection of biofilm formation on the DUWL

External DUWS tubing surface was wiped with ailtealcohol wipe. The tubing was sectioned to
obtain a specimen representing 1°cifhe surface was rinsed with sterile PBS to remple@ktonic cells.
Using sterile dental probes, the surface of thdiliovas scraped into 1 ml of sterile PBS. Thesefilon
samples were then inoculated into BHI broth to olesdacterial growth. Any sample showing growth was
processed further for the identification of isolbjestandard microbiological methods [8].

Determination of the capacity of bacterial isolatesto form biofilm

Bacterial strains isolated from DUWL samples wesed to determine their capacity to form biofilms
using microtitre plate method [9]. Aliquots of 2Q0 of the standardized test bacterial suspensidrmauria
broth was transferred into pre sterilized 96-wellyptyrene microtitre plates. Incubate at 37°C6@drours. 25
pl of 1% crystal violet added to each well, shaking plates three times to help the colorant talyetbottom
of the well. After 15min at room temperature, eaatll is washed with 200 pl sterile PBS to remove th
planktonic cells. Washing was repeated for 3 tinié® adhered bacteria forming biofilm was remaioedhe
surface of the well. Crystal violet bound to theflhin was extracted later with 2 washings with 20®f ethyl
alcohol. The alcohol was then transferred into asgltube containing 1.2 ml of alcohol and agitafidue
degree of biofilm formation was determined by spmuftotometer at 540 nm. The obtained data is used t
classify strains.

Data analysis
Results obtained were analysed using Microsoft Exce
RESULTS

In this study, we analysed the bacteriologicalliguand collectively studied various bacteriolagjic
characteristics like isolation of different bacteridentification of isolates, detection of thegmece of biofilms
and assessment of the capacity to form biofilmsa total of thirty (n=30) water samples collectedni 10
random dental units. Out of the 30 samples, theymgtive coliform count of seven (n=7, n/N=7/30,338)
samples were found to be higher than the acceptabits (i.e. > 200 CFU/ml) with reference to thédA
recommendation (Table 1). Out of the seven (n=RMpbas with unacceptable bacteriological qualityefi
(n=5) samples were collected from 3 in 1 air/watgringe and two (n=2) samples were collected fram a
rotor.

All the thirty (n=30) water samples were passedugh membrane filters and were further cultured in
BHI broth. Isolation rate was 46.7%. Several gerdraacteria were grown from fourteen (n=14, n/N3D4
46.7%) samples. From fourteen (n=14) samples, f#®ergeof bacteria were isolated (Table 2). Mosthef t
samples yielded multiple isolates. Out of the 48aies obtained from 14 samples, the isolationsréoe
Escherichia spp., Enterobacter spp., Pseudomonas spp., Klebsiella spp. andAcinetobacter spp. were 28.9%
(n=13, n/N=13/45), 22.2% (n=10, n/N=10/45), 22.2810, n/N=10/45), 15.6% (n=7, n/N=7/45) and 11.1%
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(n=5, n/N=5/45) respectivelyEscherichia spp., Enterobacter spp. and Pseudomonas spp. were the most
commonly isolated bacterial genera. Samples celiefitom air rotor yielded a maximum of twenty oneZ1,
n/N=21/45, 46.7%) isolates while those from air&vatyringe and mouth-wash water were thirteen (n=13
n/N=13/45, 28.9%) and eleven (n=11, n/N=11/45, &).%olates respectively.

Table 1. The microbiological quality of collected samples.

No. of sampleswith acceptable No. of sampleswith
Sample . . .
coliform count unsatisfactory quality
Air/ water syringe 5 5
Mouth-wash water 10 0
Air rotor 8 2
Total 23 7

Table 2. The spectrum of bacteria isolated from the coligés@mples.

Escherichia Enterobacter  Pseudomonas Klebsiella Acinetobacter
Sample Total
SPp. SPp. SPp. SPp. SPp.
Airfwater 4 1 2 3 3 13
syringe
Mouth-wash 3 4 3 0 1 11
water
Air rotor 6 5 5 4 1 21
Total 13 10 10 7 5 45

A total of ten (n=10) DUWL tubings were collectaxidetect the presence of biofilms over the surface
(Table 3). Out of the collected ten (n=10) tubinigsy (n=4, n/N=4/10, 40%) showed the presenceoohéd
biofilms on their surface. Among the four (n=4) etged biofilms, one (n=1) biofilm was formed condaity
by Klebsiella spp., Pseudomonas spp. and Acinetobacter spp., two (n=2) biofilms were formed by
Pseudomonas spp.and Acinetobacter spp. while one (n=1) was purely formed Bgterobacter spp. In total,
four (n=4) biofilms yielded eight isolates (n=8).

Table 3. The frequency of biofilms formed by various orgamssin the collected DUWL tubing samples.

Sample Escherichia Enterobacter Klebsiella Pseudomonas Acinetobacter
Spp. Spp. Spp. Spp. Spp.
No. of samples 0 1 1 3 3

A total of forty-five (n=45) different strains werisolated from fourteen (n=14) water samples. @ut
forty-five (n=45) isolates that were isolated, neen (n=19, 42.2%) isolated possessed the abditiotm
biofilms (Table 4). Three (n=3, n/N=3/13, 23%),dbr(n=3, n/N=3/10, 30%), seven (n=7, n/N= 7/10, ¥ 0%
two (n=2, n/N=2/7, 28.6%) and four (n=4, n/N=4/8%8) isolates ofEscherichia spp., Enterobacter spp.,
Pseudomonas spp., Klebsiella spp. and Acinetobacter spp. respectively possessed the capability to form
biofilms. The potential to form biofilms was obsedv maximum with Pseudomonas spp. (70%) and
Acinetobacter spp. (80%) isolates. It is noticeable that four4ns/N=4/5, 80%) out of five (n=5) isolates of
Acinetobacter spp. possessed the ability to form biofilm.
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Table 4. Table representing the potential of various isslatetained from the collected samples to form biti

Sample Air/ water syringe M outh-wash water Air rotor Total
No. of No. of No. of No. of
No. of ISO|ate.S.WIth No. of |solates.v§/|th No. of isol ates.v§nth No. of |solates.v.\/|th
. the abilityto . theability . the ability . the ability
isolates isolates isolates isolates
form toform toform toform
biofilms biofilms biofilms biofilms
Escherichia 4 1 3 0 6 2 13 3
Spp.
Enterobacter 1 1 4 1 5 1 10 3
Spp.
Pseudomonas 2 3 2 5 3 10 7
Spp
Klebsella 3 1 0 0 4 1 7 2
Spp.
Acinetobacter 3 5 1 1 1 1 5 4
Spp.

Out of nineteen (n=19) isolates that exhibited dbdity to form biofilms, four (n=4, n/N=4/19, 21%
isolates formed biofilms within 24 hours, ten (n=10N=10/19, 52.6%) isolates formed biofiims with48
hours and five (n=5, n/N=5/19, 26.3%) isolates fednbiofilms within 72 hours (Table 5). Majority of
Escherichia spp. isolates (n=2, n/N=2/3, 66.7%) formed biofilm pbletween 48 to 72 hours while majority of
isolates of the other genera formed biofilms witkéhto 48 hours.

Table 5. The ability of various isolates to form biofilmstivirespect to the duration of incubation.

Sample 24 hrs 48 hrs 72hrs Total

Escherichia spp. 0 1 2 3
Enterobacter spp. 1 1 1 3
Pseudomonas spp. 2 4 1 7
Klebsiella spp. 0 1 1 2
Acinetobacter spp. 1 3 0 4

Total 4 10 5 19

DISCUSSION

The current study is a qualitative assessmentchiagdacterization of the microbial contamination of
DUWL. In the present study, the bacteriologicallqgyaf seven samples was unacceptable accordidddé
definition [6]. Previous studies have reported atamination rate of as high as 96% [10]. In thespre study,
the frequency of contamination was higher in theaas collected from air/water syringe followed &y
rotor. Few studies have recorded an inverse frexyu¢hl, 12] while one more study has reported no
significant difference [10]. A total of forty-fivésolates were obtained from fourteen water sampleieh
signify contamination of water with multiple bagtdrgeneraEscherichia spp. were the commonest isolates
followed by Enterobacter spp. andPseudomonas spp. Fotedar et al. [7] have recorded the isolatdn
Coagulase negativ&aphylococci. Siang et al. [13] have documented the isolatioRsefidomonas aeruginosa
andLegionella pneumophila. The death of an 81-year female patient who corgdakbegionnaire's pneumonia
from contaminated dental unit water line has begonted in Italy [14]. Another study undertakenSyith et
al. [15] reported the isolation of or8treptococci, Pseudomonas spp. andtaphylococcus aureus. There is a
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great variation in the microbiological quality atiak frequency of isolation different organismstie existing
literature. These wide variations can be attributedhe loco-regional variations in the quality whter
supplied, the source of water, the variations ia tinal microbial flora and the effectiveness ofigqudic
decontamination.

Biofilms were detected over four out of ten tulsinat were sampled. Ten isolates were isolated fro
these biofilms. A maximum frequency was observetth Wseudomonas spp. andAcinetobacter spp. Owing to
the stagnation of water within the tubings, therolies settle over the inner surface of the tubihgsinitiates
a sequence of physiological alterations resultingalonization, micro colony formation and evenlydaiofilm
development [16]. Out of the forty-five isolatesneteen isolates possessed the ability to formilmef The
maximum ability to form biofilms was observed wiltseudomonas spp. andAcinetobacter spp. However,
isolates belonging to other geneksdherichia spp.,Enterobacter spp. andKlebsiella spp.) also possessed a
moderate ability to form biofilms. Ten of the is@a formed biofilms within 24 to 48 hours while fairains
formed biofilms within 24 hours. This poses a digant threat since stagnation of water within tinigings for
just 24 to 48 hours might result in colonizatior dnofilm formation that throws a potential riskpgatients and
dental care workers.

Currently, there is no available evidence that aestrates a public health issue due to DUWL exposur
However, minimizing the risk of pathogen exposuitt @nsure a safe working ecosystem both for thaithe
care workers and the patients. Especially, the inonampromised patients are at a high risk of deietp
opportunistic infections following exposure to caminated DUWL. Dental health care workers are also
constantly exposed to aerosols from the dental pagemt every day. Unsatisfactory quality of DUWL
predisposes the dental personnel to the risk ofldping respiratory tract infections especiallycafonised by
Legionella pneumophilia. Hence, it is essential to ensure the optimum miotogical quality of DUWL by
periodic surveillance and regular decontaminatiopasares. As per the recent evidences, the usage of
continuous water stay systems with chemical adiach as IGN EVO Calbenium and Sterispray would be a
superior modality [17].

CONCLUSIONS

The dental unit water lines favor rapid developtmafrbiofilms on DUWLSs, combined with generation
of potentially contaminated aerosols. Contaminatater from DUWL might be consumed, inhaled as a#sos
or might contaminate operating site. Exposure téemw@erosols containing bacteria (especially nosialo
pathogens with higher intrinsic antimicrobial résigce such aBseudomonas & Acinetobacter) in debilitated
patients may lead to life-threatening infectionsefefore it is important to not only maintain a jglypof good
quality water but also to keep regular quality cohthecks and regular sterilization/disinfectiohdntal
units.
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