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Biofilm formation in dental unit waterlines and the resulting microbial
contamination of the water in the system has become a significant problem.
Contaminated water in the dental units is a major concern in dental clinics
due to potential risk of causing infections particularly in elderly and
immunocompromised patients. The aim of this study was at first to
determine microbial contamination of the dental unit waterlines and then to
study the efficacy of a comprehensive disinfection protocol on decreasing
the microbial load. Water samples were collected before and after
disinfection procedure from handpieces and water storage bottles from the
dental units, a small 1-cm tubing was cut from each unit and subjected to
microbiological culture on different growth media. Identification of the
predominant species was achieved by 16S rRNA gene sequencing. Microbial
growth was observed in samples collected from all dental units. Upon
disinfection procedure, microbial contamination in the water samples and in
the tubing surfaces was significantly reduced (P>0.05). 16S rRNA gene
sequencing revealed the presence of several species belonging to the
genera Staphylococcus, Corynebacterium and Roseomonas, some of which
are implicated in human infections. Aggravation of the biofilm growth on the
tubing surfaces and the microbial contamination in the water can be
effectively controlled by implementing appropriate and routine disinfection
protocols. This may help protect the dental unit staff and the patients being
exposed to the risk of infections.

KEYWORDS

biofilm, microbial contamination, dental unit water line, pathogenic species, 16S rRNA
gene sequencing

Background

Biofilm formation inside or on the surface of medical devices is a serious public
health issue. It has been shown by several studies that Dental Unit Water Line
(DUWL) harbor bacterial biofilms (1-3). Dental chair associated tools such as 3-in-1
syringe, air rotors, scalers etc. may receive heavy loads of microorganisms, thus
providing a potential source of infection putting both practice staff and patients at
risk. Microorganisms grow as multispecies biofilm on inner surfaces of water tubing.
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A fundamental property of biofilms is that they resist
penetration by antimicrobial agents and the bacteria inside
the biofilms are more resistant to antimicrobials than the
planktonic cells (4, 5). Despite regular use of disinfectants in
DUWTL, biofilms have been reported to persist and proliferate
(6). Therefore, a comprehensive microbiological analysis of
water and biofilm in DUWL is essential in managing
microbial contamination of DUWL.

The ability of microorganisms to attach to surfaces is a
critical factor in biofilm initiation and growth. Microorganisms
grow and persist inside the DUWL on the inner surface of the
tubing. Once a mature biofilm is formed, it is extremely
difficult to
antimicrobials. Planktonic bacteria are continually released

dislodge it since biofilm is resistant to
from these mature biofilms into the water flow in DUWL.
colonizing DUWL

pathogenic aerobic and heterotrophic environmental bacteria.

Microorganisms are generally non-

However, occasionally, pathogenic and/or opportunistic
pathogens such as Pseudomonas, Legionella and Mycobacterium
species are found (7, 8).

of dental

recommendations to keep the DUWL contamination-free.

Manufacturers units  generally provide
Little is known in the literature about the effectiveness of
those recommendations. Furthermore, there are no evidence-
based standard guidelines to prevent DUWL contamination.
The aim of this study was to examine microbial biofilm
formation on the inner surface of DUWL tubing, microbial
contamination of the waterlines, and subsequently to assess
the efficacy of a comprehensive disinfection protocol on

controlling the microbial growth in the DUWL.

Methods

Methods for sampling of DUWL and
microbiological analyses

published literature (9, 10).

subsequent

were adapted from previously

Sampling of DUWL

A total of 12 dental units, 6 from A-dec, and 6 from KaVo
were investigated. Two water and one biofilm sample were
collected from each unit before and after treatment with
disinfectant: (1) waterline sample from a high-speed hand piece
that delivers water into the patients’ mouth during treatment,
(2) sample from the source water supplied to the DUWL, and
3) for biofilm analysis, a 5-cm piece of DUWL tubing.

Water samples were processed using the following method:
One hundred ml of water samples “(1)” and “(2)” above were
collected in sterile flasks containing 0.1 g sodium thiosulfate
(to inactivate any residual disinfectant) and transported to
Oral Microbiology Laboratory immediately on ice. Samples

Frontiers in Oral Health

02

10.3389/froh.2022.1071018

were filtered through Sterifil® Aseptic System, a 0.2 pm sterile
vacuum filter (Millipore). The membrane was then removed
using sterile forceps and placed in a sterile screw cap tube
containing 10 ml sterile phosphate buffered saline (PBS).
Organisms bound to membrane were collected into PBS by
vigorously vortexing at maximum speed for 1-2 min.

Biofilm samples were collected as follows: External surfaces of
the DUWL tubing were wiped with 70% ethanol and
approximately 5 cm of the tubing was cut using sterile scissors.
The tubing sections were placed in sterile screw cap tubes
containing a small volume of sterile water to cover the
specimen. The samples were immediately transported to the lab
on ice. The tubing was sectioned vertically under aseptic
conditions to expose inner surface. Planktonic non-adherent
bacteria were removed by rinsing the tubing sections in PBS.
Using sterile dental probes, biofilm formed on the surface of
the specimen was collected in 1 ml sterile PBS in microfuge tubes.

Total viable counts (TVC) in water and
biofilm samples

Water and  biofilm
microbiological culture within 30 min of collection. Serial 10-

samples were processed for
fold dilutions (up to 107°) of the samples were prepared in
sterile PBS and plated on various selective and non-selective
culture media. The following media were used: (1) Brucella
blood agar for Actinomyces spp., Streptococci and other oral
anaerobes. Incubation anaerobically (80% nitrogen, 10% CO,
and 10% hydrogen) at 37 °C for 7-10 days. (2) R2A agar for
environmental bacteria (11). Aerobic incubation at 37 °C for
2-3 days. (3) Pseudomonas agar with CFC supplement.
Aerobic incubation at 37 °C for 2 days. (4) MacConkey II
Agar for enterobacteria. Aerobic incubation at 37 °C for 2
days. (4) Sabouraud Dextrose Agar (SDA) for Candida spp.
Aerobic incubation at 37 °C for 2 days.

Culture of control bacterial strains

To ensure that various culture media and the incubation
conditions were appropriate, Escherichia coli EC49, Pseudomonas
aeruginosa  PS52,  Streptococcus  mutans NCTC 10449,
Actinomyces naeslundii ATCC 12104, Candida albicans AE-112
were cultured on respective growth media each time when
dental unit samples were cultured.

Treatment regimens
The American Dental Association recommends that the

bacterial counts in dental unit waterlines should not exceed
200 CFU/ml (12). As the counts were higher than this at
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KUDC dental units we implemented a comprehensive treatment
of the waterlines based on recommendations in published
literature with some modifications (13). Water in the dental
unit water storage bottle was completely removed and treated
with Oxygenal for 10 min. The dental unit tubings and syringe
were also flushed with Oxygenal as per the user instructions.
Fresh distilled water was supplied daily, and the left-over water
was discarded each day. All the water that was left in the
waterlines was drained off at the end of the day. Hand piece,
three-in-one syringe and other instruments attached to the
dental unit waterline were flushed for 5 min at the beginning
of each day to remove any bacteria remaining in the waterline
tubing. “After-treatment” samples were collected after 2 weeks.

Scanning electron microscopy

Approximately 1-cm length of tubing that were already cut
vertically into two halves were processed for scanning electron
microscopy. The pieces were at first fixed in 3% glutaraldehyde
for 3 1/2 h at room temperature and then transferred to buffer
and kept at 4 °C until further processing was done. The tubing
samples were removed from the buffer, washed thoroughly
with purified water. The tubing samples were then mounted on
sample holders. The samples were then dried completely in a
critical point dryer, mounted on stubs with carbon double
adhesive tape, gold-coated, and stored in a desiccator until
observation. The samples were examined on the scanning
electron microscope JSM IT 200 (JEOL, Japan).

DNA purification

Genomic DNA from the bacterial colonies was purified by
using DNeasy Blood and Tissue kit (Qiagen Inc., Valencia,
CA) the
bacterial suspensions were treated with lysis buffer and

following manufacturer’s instructions. Briefly,
proteinase-K at 56 °C for 1 h. DNA from lysed samples were
applied onto a spin column, washed and eluted with elution
buffer or sterile water for all samples. This DNA was used as

template in PCR amplification.

Identification of species by 16s rRNA gene
sequencing

From microbial cultures, two to three colonies representing each
colony type on all growth media were selected for identification by
colony PCR of complete 16S rRNA gene followed by sequencing
of the V4 region as described (14). Complete 16S rDNA sequence
of ~1500 bp was amplified using universal forward primer D88
(5"-GAGAGTTTGATYMTGGCTCAG) and reverse primer E94
(5"-GAAGGAGGTGWTCCARCCGCA). Ready-To-Go® PCR
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beads were used for PCR amplification. After an initial
denaturation at 95 °C for 10 min, 30 cycles of 95 °C for 1 min, 50 °
C for 30s and 72°C for 30s were run followed by a final
elongation of 72°C for 5min. A small aliquot of each PCR
product was first verified on a 1% agarose gel and the remainder
purified using QiaQuick® PCR purification spin columns (Qiagen).
Purified amplicons were sequenced by using primersF17 and B34
and a BigDye Terminator ® kit on Beckman Coulter CEQ8000
sequencer. Sequence data obtained was used for similarity search at
NCBI BLAST.

Statistical analyses

Bacterial quantities were log transformed after adding 1 to
all data to handle zeroes. Normality of the data was tested by
Skewness and Kurtosis values, Shapiro Wilkins P values and
histograms. Nonparametric Mann Whitney U test was used to
compare the groups. A P value <0.05 was considered significant.

Results
Bacterial contamination of DUWL

Bacterial contamination was assessed in two different types of
DUWL, A-dec and KaVo. Microbiological analysis of water
samples from the handpieces and water storage bottles was
performed before and after decontamination procedures. As
evident from the scanning electron microscopy image in
Figure 1, a dense biofilm was observed on the luminal surface
of the DUWL tubing, revealing a variety of rods and cocci in
the biofilm matrix.

Waterline contamination of handpieces

The mean (SD) CFU counts were the highest from the R2A
medium in both A-dec and KaVo units. The CFU counts from
A-dec were, 6.38 x 10* (5.7 x 10%), which was significantly (P <
0.05) reduced to 4.41 x 10% (2.2 x 10%) after the disinfection
treatment procedure (Figure 2). Similarly, from KaVo, the
mean (SD) CFU counts decreased from 8.8 x 10° (1.3 x 10°)
to 2.5x 10* (2.2 x 10").

From the MacConkey agar, the mean (SD) CFU counts
decreased from 1.1x10% (1.14 x 10%) to 2.2 x 10> (2 x 10%) for
A-dec and from 5.18 x 10° (1.0 x 10%) to 2.7 x 10* (2.2 x 10")
in the case of KaVo. Bacterial growth was observed on
Pseudomonas agar from only one of the dental units from
each of A-dec [5x10*> (2.8 x10")], which were reduced to
3.2x 10" (2.54 % 10"). For KaVo, the mean (SD) CFU counts
from Pseudomonas agar were [1 X 10> (1.4x10")] which
decreased to zero counts after treatment.
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FIGURE 1

Scanning electron micrograph of the inner surface of DUWL tubing. A thick biofilm mass is seen on the inner surface of the tubing

Signal A = SE2 Date :12 Feb 2015
Photo No. =6277  Time :13:00:07

Waterline contamination of storage water
bottles

Similar to handpieces, highest CFU counts were observed
from R2A medium in the case of water samples from the
storage bottles at each unit (Figure 3). For A-dec, the mean
(SD) counts decreased from 7.78 x10° (8.2 x 10%) 8.6 x 10"
(3.4 x10"). MacConkey agar: the CFU counts 3.1 x 10> (3.8 x
10?) decreased to 5.8 x 10% (5.3 x 10%) for A-dec. For KaVo, the
counts were about 1 log higher, i.e., 1.3 x 10* (1.9 x 103) which
were decreased to 2.6 x 10" (7.42 x 10°) (P < 0.05). Most of the
water storage bottles (4-5) from A-dec and KaVo showed
colonies on Pseudomonas agar. For A-dec, the mean (SD)
CFUs on Pseudomonas agar were 1.8 x 102 (2.21 x 10") which
decreased to 3.5x 10" (3.6 x 10') while the mean counts of
7.75x 10" (4.6 x 10") decreased to zero counts in all units.

Biofilm growth on the tubings

The bacterial load in the biofilms growing on the inner
surface of the dental waterline tubings was also determined by
microbiological culture (Figure 4). The mean (SD) CFU
counts on were 1.64x10* (1.1x10%) which decreased to
12x10° (7.8x10%) on R2A medium, MacConkey agar:
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1.15x10* (1.5x10% decreased to 1.4x10* (1.9x10%);
Pseudomonas agar: 8 x 10* (6.3 x10%) decreased to 2x 10>
(3x10%. No growth was observed on SDA medium.

From the KaVo units, microbial growth was observed on all
culture media. The mean (SD) CFU counts were 5.6x 10*
(6.85x10*) and showed a significant decrease to 9.4 x 10°
(2.78 x 10%) (P <0.05); MacConkey agar: 1.06 x 10* (6.3 x 10°)
decreased to 5.95x 10 (2.6 x 10?); Pseudomonas agar: 1.9 x
10° (1.3x10°) decreased to 1.7x10°> (2x10%). Colonies
typical of Candida species were observed on SDA medium,
1.6 x 10° (1 x 10°) decreased to 1.3 x 10% (7.4 x 10%).

Identification of the predominant
bacterial species from dental unit
waterlines by 16s rRNA gene sequencing

16S rRNA gene sequencing was used to identify the most-
often occurring colony-types across all growth media (Table 1).
Majority of the identified species were Gram-positive while
only 5 were Gram-negative. Of the Gram-positives, important
species from the Staphylococcus genera, Staphylococcus pasteuri,
Staphylococcus warneri, Staphylococcus hominis, Staphylococcus
hominis and Staphylococcus captis were identified. Some of the
other ~Gram-positive species were Micrococcus — luteus,
Corynebacterium  aurimucosum, —Corynebacterium  singular,

frontiersin.org
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FIGURE 2
Total viable counts from water samples collected from dental unit hand pieces. Samples were collected before and after treatment, 10-fold serially
diluted up to 10~ and plated on different culture media. The plates were then incubated in different atmospheric conditions for different incubation
times as described in "methods”. P<0.05 Mann Whitney U.

Corynebacterium  amycolaturm,  and  Bacillus  subtilis. Paenibacillus  lactis, ~ Roseomonas  mucosa ~ Roseomonas
Interestingly, the oral species Streptococcus salivarius was also aerofrigidensis were the Gram-negative species identified from
present in the identified species. Acinetobacter indicus, the waterline samples.
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FIGURE 3
Total viable counts from water samples collected from dental unit water storage bottles. Samples were collected before and after treatment, 10-fold
serially diluted up to 107> and plated on different culture media. The plates were then incubated in different atmospheric conditions for different
incubation times as described in “methods”. P<0.05 Mann Whitney U.
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FIGURE 4
Bacterial counts from the biofilm harvested from DUWL tubing before and after treatment. Biofilm was scraped off the tubing surface using sterile
dental probe and suspended in sterile PBS. Serial 10-fold dilutions (up to 10~°) were prepared and plated on different culture media. P < 0.05 Mann
Whitney U.
Discussion Pseudomonas agar with CFC supplement was intended for

The microbiological assessment of the samples before and
after the treatment intervention of the dental unit waterlines
showed a significant reduction in the microbial colony counts
following the treatment procedure. Importantly, 16S rRNA
gene-based identification of the major colony-types revealed
that the waterlines were home to numerous potentially
hazardous bacterial species.

We used four different types of microbiological culture
media, R2A for cultivation and enumeration of environmental
bacteria from potable water in laboratory settings, MacConkey
medium for selective growth of Gram-negative bacteria,
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selective isolation of Pseudomonas species (15). SDA medium
with chloramphenicol was used for Candida species (16). An
important limitation of this study was that we did not attempt
to culture Legionella spp., an important human pathogen that
frequently occurs in DUWL (17, 18). From all types of
samples, water from handpieces and the storage bottles, and
from the tubings, R2A medium followed by MacConkey
medium, demonstrated highest number of CFUs. Following
treatment for 15 days, the CFU counts were significantly
reduced to about 10°-10° CFUs. Bacterial colonies that grew
on Pseudomonas agar did not belong to the Pseudomonas
species as per f16S rRNA gene sequencing. It is possible that
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TABLE 1 Predominant microbial species in the DUWL identified by 16S
rRNA gene sequencing. GenBank submission ID: 2641990.

S. No. Species

1 Acinetobacter indicus

2 Bacillus glycinifermentans

3 Bacillus subtilis

4 Bacillus tequilensis

5 Corynebacterium amycolatum
6 Corynebacterium aurimucosum
7 Corynebacterium singulare

8 Exiguobacterium mexicanum
9 Kocuria rhizophila

10 Micrococcus luteus

11 Paenibacillus lactis

12 Paracraurococcus sp.

13 Roseomonas aerofrigidensis
14 Roseomonas mucosa

15 Staphylococcus aureus

16 Staphylococcus borealis

17 Staphylococcus capitis

18 Staphylococcus hemolyticus
19 Staphylococcus hominis

20 Staphylococcus pasteuri

21 Staphylococcus warnerii

22 Streptococcus salivarius

23 Terribacillus halophilus

the Pseudomonas agar we used was not selective and some
other species grew on it. Colonies from SDA medium
Candida

characterized by Gram-staining.

appeared to be species, which were further

Importantly, the luminal surface of the waterline tubings
harbored dense biofilm as seen in the scanning electron
microscopy images. Upon culturing the scraped biofilm from
the tubing, a heavy bacterial growth was observed on R2A agar
and MacConkey medium, while lesser growth was seen on the
other culture media. It is believed that once macromolecules in
the water adhere to the luminal surface of the tubings and a
conditioning film is formed, microorganisms may attach to
such a surface. Subsequently, the attached bacteria divide and
the planktonic cells in water begin to attach to the surface,
leading to the initiation of biofilm formation (19). As the
biofilms mature, they break-open resulting in the release of free
bacterial cells inside the biofilm into the flowing water (20). In
the absence of an effective disinfection procedure, the bacterial
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cells released from mature biofilms find new surfaces to adhere
and begin new biofilm colonies. In our study, the disinfection
treatment resulted in significant reduction in the microbial
counts on all growth media, attesting the efficacy of the
treatment method we used.

In the dental clinics, a variety of disinfectants have been
used for DUWL maintenance. Most are based on sodium
hypochlorite (NaOCI), hydrogen peroxide (H,O,) - with or
the TAED (tetra-
acetylethylenediamine) formulation of peracetic acid (21). All

without  silver ions - and

of them can be used, either periodically (highly concentrated
shock
treatment). Neither approach is devoid of shortcomings.

treatment) or continuously (less concentrated

While periodic treatments result in recolonization within 2-3
after  the stopped,
uninterrupted treatment may expose the patients and the staff

weeks treatment  is continuous
to unintended biocide exposure (22). More importantly,
prolonged use of disinfectants may lead to the emergence of
tolerant or resistant species within the DUWL biofilms (23).
In our study, even though we used a chemical disinfectant on
an intermittent basis, we implemented surrogate practices that
may help prevent recolonization of the waterlines by
microorganisms. At the end of the day, all the water that had
accumulated in the waterlines was drained. At the start of
each day, the hand piece, three-in-one syringe, and other
instruments connected to the dental unit waterline were
flushed for 5 min to eradicate any bacteria still present in the
tubing. Similar study several years ago conducted at the
Government Polyclinics was shown to be highly effective in
controlling the microbial contamination in DUWL (13).

16S rRNA gene-based identification of the most commonly
occurring colony-types across all media revealed a number of
bacterial species that may be potentially pathogenic. Strains
from Staphylococcus species such as S. aureus, S. warneri, S.
hominis, and S. haemolyticus were reported to be methicillin-
resistant (24). Roseomonas mucosa (25), Paenibacillus spp
(26), Kocuria rhizophila (27), Acinetobacter indicus (28), and
Bacillus subtilis (29). Remarkably, several of the identified
species are recognized as pathogens in immunocompromised
patients. Further, several species identified here have also been
reported to be occurring in the dental unit waterlines in
(30).  More
comprehensive microbiota analyses of the DUWL have shed
more light on the microbial diversity of the DUWL biofilms.

previous  studies recent literature on

Conclusion

In conclusion, our study demonstrated that periodic
disinfection of the dental unit waterlines by following
manufacturer instructions alone may not be sufficient in
keeping the microbial counts low. A comprehensive treatment
of the waterlines was found to be effective in reducing the
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microbial counts to the levels permissible by the ADA: Flushing
the waterline tubings with disinfectant, discarding the left-over
water in the storage bottles, draining the tubings daily, flushing
the handpiece and other instruments attached to the dental unit
daily at the beginning. This may minimize the risk of infections
for both the dental unit staff and the patients.

Data availability statement

The datasets presented in this study can be found in online
repositories. The names of the repository/repositories and
accession number(s) can be found below: https://www.ncbi.
nlm.nih.gov/genbank/, 2641990.

Author contributions

JA: Study design, Experimentation, Data interpretation,
JB: Data
Study  design,

Manuscript  writing; Manuscript
MK: Data
interpretation, Data analysis, Manuscript writing. All authors

interpretation,

writing; Experimentation,

contributed to the article and approved the submitted version.

Funding

The study was funded by Kuwait University Grant
#SRULO1/14.

References

1. Dahlen G. Biofilms in dental unit water lines. Monogr Oral Sci. (2021)
29:12-8. doi: 10.1159/000510195

2. Douglas CW, van Noort R. Control of bacteria in dental water supplies. Br
Dent J. (1993) 174(5):167-74. doi: 10.1038/5j.bd}.4808114

3. Fayle SA, Pollard MA. Decontamination of dental unit water systems: a
review of current recommendations. Br Dent J. (1996) 181(10):369-72. doi: 10.
1038/s).bdj.4809262

4. Gilbert P, Das J, Foley I. Biofilm susceptibility to antimicrobials. Adv Dent
Res. (1997) 11(1):160-7. doi: 10.1177/08959374970110010701

5. Nichols WW, Evans M]J, Slack MP, Walmsley HL. The penetration of
antibiotics into aggregates of mucoid and non-mucoid Pseudomonas aeruginosa.
J Gen Microbiol. (1989) 135(5):1291-303. doi: 10.1099/00221287-135-5-1291

6. Walker JT, Marsh PD. Microbial biofilm formation in DUWS and their
control using disinfectants. J Dent. (2007) 35(9):721-30. doi: 10.1016/j.jdent.
2007.07.005

7. Fan C, Gu H, Liu L, Zhu H, Yan J, Huo Y. Distinct microbial
community of accumulated biofilm in dental unit waterlines of different
specialties. Front Cell Infect Microbiol. (2021) 11:670211. doi: 10.3389/
fcimb.2021.670211

8. Gungor ND, Kadaifciler DG, Peker OO. Investigation of the bacterial load
and antibiotic susceptibility of dental units. Environ Monit Assess. (2014) 186
(3):1847-53. doi: 10.1007/s10661-013-3498-3

9. Walker JT, Bradshaw DJ, Bennett AM, Fulford MR, Martin MV, Marsh PD.
Microbial biofilm formation and contamination of dental-unit water systems in
general dental practice. Appl Environ Microbiol. (2000) 66(8):3363-7. doi: 10.
1128/AEM.66.8.3363-3367.2000

Frontiers in Oral Health

09

10.3389/froh.2022.1071018

Acknowledgments

This study was conducted at the Oral Microbiology
Research Laboratory (KU Grant # SRUL 01/14), Faculty of
Dentistry, Kuwait University. The authors thank Ms Asma
Hanif and Ms Krishna Girija at the Oral Microbiology
Research Laboratory (SRUL01/14), Faculty of Dentistry, for
their technical help. Further, we also thank Ms Jessy Mathew
at the Electron Microscopy Facility, Faculty of Medicine for
her kind help with scanning electron microscopy.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the editors
and the reviewers. Any product that may be evaluated in this
article, or claim that may be made by its manufacturer, is not
guaranteed or endorsed by the publisher.

10. Walker JT, Bradshaw DJ, Finney M, Fulford MR, Frandsen E EOS, et al.
Microbiological evaluation of dental unit water systems in general dental
practice in Europe. Eur ] Oral Sci. (2004) 112(5):412-8. doi: 10.1111/j.1600-
0722.2004.00151.x

11. Reasoner DJ, Geldreich EE. A new medium for the enumeration and
subculture of bacteria from potable water. Appl Environ Microbiol. (1985) 49
(1):1-7. doi: 10.1128/aem.49.1.1-7.1985

12. Anonymous. ADA Statement on dntal unit waterlines. ] Am Dent Assoc.
(1996):185-6.

13. Abdallah SA, Khalil AL Impact of cleaning regimes on dental water unit
contamination. ] Water Health. (2011) 9(4):647-52. doi: 10.2166/wh.2011.184

14. Paster BJ, Boches SK, Galvin JL, Ericson RE, Lau CN, Levanos VA, et al.
Bacterial diversity in human subgingival plaque. ] Bacteriol. (2001) 183
(12):3770-83. doi: 10.1128/JB.183.12.3770-3783.2001

15. Palleroni NJ. Introduction to the family Pseudomonadaceae. In: MP Starr
HS, HG Triiper, A Balows, HG Schlegel, editors. The prokaryotes: A handbook
on habitats, isolation, and identification of bacteria. New York: Springer
(1981). p. 1.

16. Pagano ], Levin JD, Trejo W. Diagnostic medium for differentiation of
species of Candida. Antibiot Annu. (1957) 5:137-43.

17. Hoogenkamp MA, Brandt BW, Laheij A, de Soet JJ, Crielaard W. The
microbiological load and microbiome of the Dutch dental unit; “please, hold
your breath”. Water Res. (2021) 200:117205. doi: 10.1016/j.watres.2021.117205

18. Singh R, Stine OC, Smith DL, Spitznagel Jr. JK, Labib ME, Williams HN.
Microbial diversity of biofilms in dental unit water systems. Appl Environ
Microbiol. (2003) 69(6):3412-20. doi: 10.1128/AEM.69.6.3412-3420.2003

frontiersin.org


https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
https://doi.org/10.1159/000510195
https://doi.org/10.1038/sj.bdj.4808114
https://doi.org/10.1038/sj.bdj.4809262
https://doi.org/10.1038/sj.bdj.4809262
https://doi.org/10.1177/08959374970110010701
https://doi.org/10.1099/00221287-135-5-1291
https://doi.org/10.1016/j.jdent.2007.07.005
https://doi.org/10.1016/j.jdent.2007.07.005
https://doi.org/10.3389/fcimb.2021.670211
https://doi.org/10.3389/fcimb.2021.670211
https://doi.org/10.1007/s10661-013-3498-3
https://doi.org/10.1128/AEM.66.8.3363-3367.2000
https://doi.org/10.1128/AEM.66.8.3363-3367.2000
https://doi.org/10.1111/j.1600-0722.2004.00151.x
https://doi.org/10.1111/j.1600-0722.2004.00151.x
https://doi.org/10.1128/aem.49.1.1-7.1985
https://doi.org/10.2166/wh.2011.184
https://doi.org/10.1128/JB.183.12.3770-3783.2001
https://doi.org/10.1016/j.watres.2021.117205
https://doi.org/10.1128/AEM.69.6.3412-3420.2003
https://doi.org/10.3389/froh.2022.1071018
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

Hussain Akbar et al.

19. Barbot V, Robert A, Rodier MH, Imbert C. Update on infectious risks
associated with dental unit waterlines. FEMS Immunol Med Microbiol. (2012)
65(2):196-204. doi: 10.1111/§.1574-695X.2012.00971.x

20. Costerton W, Veeh R, Shirtliff M, Pasmore M, Post C, Ehrlich G. The
application of biofilm science to the study and control of chronic bacterial
infections. J Clin Invest. (2003) 112(10):1466-77. doi: 10.1172/JCI200320365

21. Montebugnoli L, Chersoni S, Prati C, Dolci G. A between-patient
disinfection method to control water line contamination and biofilm inside
dental units. ] Hosp Infect. (2004) 56(4):297-304. doi: 10.1016/j.jhin.2004.01.015

22. Karpay RI, Plamondon TJ, Mills SE, Dove SB. Combining periodic and
continuous sodium hypochlorite treatment to control biofilms in dental unit water
systems. ] Am Dent Assoc. (1999) 130(7):957-65. doi: 10.14219/jada.archive.1999.0336

23. O’Donnell MJ, Shore AC, Coleman DC. A novel automated waterline
cleaning system that facilitates effective and consistent control of microbial
biofilm contamination of dental chair unit waterlines: a one-year study. J Dent.
(2006) 34(9):648-61. doi: 10.1016/j.jdent.2005.12.006

24. Seng R, Kitti T, Thummeepak R, Kongthai P, Leungtongkam U,
Wannalerdsakun S, et al. Biofilm formation of methicillin-resistant coagulase
negative staphylococci (MR-CoNS) isolated from community and hospital
environments. PLoS One. (2017) 12(8):¢0184172. doi: 10.1371/journal.pone.0184172

Frontiers in Oral Health

10

10.3389/froh.2022.1071018

25. Shao S, Guo X, Guo P, Cui Y, Chen Y. Roseomonas mucosa infective
endocarditis in patient with systemic lupus erythematosus: case report and
review of literature. BMC Infect Dis. (2019) 19(1):140. doi: 10.1186/s12879-019-
3774-0

26. Saez-Nieto JA, Medina-Pascual M]J, Carrasco G, Garrido N, Fernandez-
Torres MA, Villalon P, et al. Paenibacillus spp. Isolated from human and
environmental samples in Spain: detection of 11 new species. New Microbes
New Infect. (2017) 19:19-27. doi: 10.1016/j.nmni.2017.05.006

27. Kandi V, Palange P, Vaish R, Bhatti AB, Kale V, Kandi MR, et al. Emerging
bacterial infection: identification and clinical significance of Kocuria Species.
Cureus. (2016) 8(8):e731. doi: 10.7759/cureus.731

28. Klotz P, Gottig S, Leidner U, Semmler T, Scheufen S, Ewers C. Carbapenem-
resistance and pathogenicity of bovine Acinetobacter indicus-like isolates. PLoS
One. (2017) 12(2):¢0171986. doi: 10.1371/journal.pone.0171986

29. Haydushka IA, Markova N, Kirina V, Atanassova M. Recurrent sepsis due to
Bacillus licheniformis. ] Glob Infect Dis. (2012) 4(1):82-3. doi: 10.4103/0974-777X.
93768

30. Szymanska J, Sitkowska J. Bacterial contamination of dental unit
waterlines. Environ Monit Assess. (2013) 185(5):3603-11. doi: 10.1007/s10661-
012-2812-9

frontiersin.org


https://doi.org/10.1111/j.1574-695X.2012.00971.x
https://doi.org/10.1172/JCI200320365
https://doi.org/10.1016/j.jhin.2004.01.015
https://doi.org/10.14219/jada.archive.1999.0336
https://doi.org/10.1016/j.jdent.2005.12.006
https://doi.org/10.1371/journal.pone.0184172
https://doi.org/10.1186/s12879-019-3774-0
https://doi.org/10.1186/s12879-019-3774-0
https://doi.org/10.1016/j.nmni.2017.05.006
https://doi.org/10.7759/cureus.731
https://doi.org/10.1371/journal.pone.0171986
https://doi.org/10.4103/0974-777X.93768
https://doi.org/10.4103/0974-777X.93768
https://doi.org/10.1007/s10661-012-2812-9
https://doi.org/10.1007/s10661-012-2812-9
https://doi.org/10.3389/froh.2022.1071018
https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org/

	Biofilm growth and microbial contamination of dental unit waterlines at Kuwait University dental center
	Background
	Methods
	Sampling of DUWL
	Total viable counts (TVC) in water and biofilm samples
	Culture of control bacterial strains
	Treatment regimens
	Scanning electron microscopy
	DNA purification
	Identification of species by 16s rRNA gene sequencing
	Statistical analyses

	Results
	Bacterial contamination of DUWL
	Waterline contamination of handpieces
	Waterline contamination of storage water bottles
	Biofilm growth on the tubings
	Identification of the predominant bacterial species from dental unit waterlines by 16s rRNA gene sequencing

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


