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ABSTRACT

Background: The biofilm formation in Dental Unit Waterlines (DUWLs) could become an
important cause of infection during dental care, which could put immunocompromised
individuals at risk of cross-infection. The aim of this study was to characterize the microbial
communities of biofilms among DUWLs using high-throughput sequencing technology.
Methods: Twenty-nine biofilm samples were obtained from 24 dental chair units at 5
hospitals and 2 dental clinics. The genomic DNA of the samples was extracted, then 16S
rDNA and ITS2 gene were amplified and sequenced. Alpha-diversity and Beta-diversity were
calculated with QIIME2 and the Kruskal — Wallis H-test was adopted for statistical analysis.
Results: Microbial communities with a high diversity of bacteria (377 genera) and fungi (83
genera) were detected in the biofilm samples. The dominant phylum of bacteria was
Proteobacteria (93.27%) and that of fungi was Basidiomycota (68.15%). Potential human
pathogens were detected including 7 genera of bacteria (Pseudomonas,
Stenotrophomonas, Hafnia-Obesumbacterium, Burkholderia-Caballeronia-Paraburkholderia,
Ralstonia, Enterobacter, Klebsiella) and 6 genera of fungi (Malassezia, Candida, Alternaria,
Cryptococcus, Rhodotorula, Rhinocladiella).

Conclusions: This multicenter assessment revealed the infectious risk during dental care. It
emphasized the importance of biofilm control due to biofilm accumulation and multiple
kinds of opportunistic pathogens in DUWLs.
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Background opportunistic pathogens including Legionella pneumo-

As crucial components of dental chair units (DCUs),
Dental Unit Waterlines (DUWLs) provide water for
handpieces, air/water syringes, and ultrasonic scalers,
by narrow-bore plastic tubing. A variety of reasons
make DUWLs prone to biofilm formation, such as
the long, small-diameter tubing, low flow rates used
in dentistry, and frequent periods of stagnation [1].
Microorganisms adhere to the inner surface of the
tube and colonize to form biofilms, which play an
important role in continued DUWL contamination
and act as reservoirs of opportunistic pathogens [2].
Some biofilm fragments and endotoxins released by
pathogenic bacteria can enter the oral cavity of
patients directly via handpieces or three-in-one air/
water syringes, or spread with aerosols produced dur-
ing dental treatments, which could put immunocom-
promised individuals at risk of cross-infection [3].
There is serious microbial contamination observed
in DUWLs, of which more than 30% is due to

phila, Pseudomonas aeruginosa and Mycobacterium
tuberculosis [4]. Some studies reported that pneumo-
nia caused by Legionella pneumophila [5,6] and odon-
togenic infections in nine children caused by
Mpycobacterium abscessus [7] was associated with
DUWLs. Seventy-one children were diagnosed with
odontogenic nontuberculous Mycobacterium infection
after pulp removal at a pediatric dental clinic in 2016
[8]. Recently, one report informed that the facial cuta-
neous tract infection was linked with
Mpycobacterium  fortuitum, M. abscessus, and
M. peregrinum in the DUWL [9]. Therefore, it is sig-
nificant to assess bacterial contamination and take
measures to prevent it.

Numerous studies have been performed to inves-
tigate the bacterial communities in DUWLs by bac-
terial culture, Laser scanning Confocal Microscopy
and Scanning Electronic Microscopy, etc [10,11].
However, these traditional methods are insufficient
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to detect the actual microbial diversity and commu-
nity structure in the DUWLs [12]. As a result, the risk
of cross-infection by unknown bacteria in the
DUWLs might be ignored. It’s a serious challenge to
the prevention and control of DUWL infection due to
the unique characteristics and biofilm diversity of
DUWLs. It seems that the current procedures applied
could not stop biofilms from accumulating and
detaching. Despite current infection control measures
such as disinfecting treatments and the flushing pro-
cess, it verified that biofilms with a high bacterial and
fungal diversity remained in the DUWLs [13]. Thus,
it is imperative to find more effective methods to
identify microbiota diversity and explore better mea-
sures to control biofilms present in DUWLSs.

The bacterial 16S rDNA high-throughput sequen-
cing platform this study used enables the production
of highly accurate sequencing data, which can pro-
vide new insights into studying the diversity of
microbial communities in DUWLs [14]. Bacterial
community structure in DUWL may be influenced
by various factors such as the age of DCUs, the
number of patients and different dental treatments
[15,16]. Therefore, the diversity and composition of
microorganisms in DUWLs would be diverse
between different hospitals and specialties. The pur-
pose of this study was to conduct a multicenter
assessment of the microbiota diversity of biofilm in
DUWLSs systematically. In this study, we used high-
throughput sequencing technology to comprehen-
sively characterize the microbial communities. The
findings would help us to evaluate the potential
risks of microbial contamination in DUWLs and
propose reasonable strategies to control biofilm.

Methods
Biofilm sample collection

Samples selected in this study were from water
tubes which provide dental water for treatments
and air tubes that provide compressed air for dental
treatments. Twenty-nine biofilm samples (22 sam-
ples from water tubes and 7 samples from air tubes)
were obtained from 24 DCUs at 5 hospitals and
2 dental clinics in the region of Zhejiang Province
(China) with random selection (Table 1). Flushing
the plastic tube concatenated to a high-speed hand-
piece for 30 seconds and sterilization of handpieces
were all conducted before sampling. Also, the char-
acteristics of each sample were collected
(Supplementary material, Table AS1). During sam-
pling, the sampler has adopted protective measures
including sterile gloves and facial masks. Tubes
were exposed after an engineer removed the control
panel of DCU, and the tube concatenated to the
high-speed handpiece was separated from the

Table 1. Characteristics of sampling dental chair units.
Biofilm samples (n =29)

n %

Origin

Stomatological hospitals 14 48

General hospitals 10 34

dental clinics 5 17
Sample

Biofilm of Water tubes 22 76

Biofilm of air tubes 7 24
Departments

General Dentistry 1 38

Orthodontics 7 24

Endodontics 4 14

Oral surgery 3 10

Prosthodontic 2 7

Implant 2 7
water supply

purified water 19 66

Municipal water system 10 34
Age

1 year 5 17

2 years 5 17

3years 1 3

5years 3 10

6 years 1" 38

9years 2 7

11 years 2 7
Treatment of incoming water

Filter 29 100
Treatment of DUWL

Chemical disinfection 29 100
Disinfection cycle

All the time/cycle 10 34

Once Every day 12 41

Once every two days 3 10

Once a week 4 14
Handpieces sterilization

After each patient 29 100

control device. After the separated tube was disin-
fected, a 0.5 cm part in the front of the tube was cut
with a sterile scissor and discarded, then 1.5 cm-2
cm of the tube was cut as a sample. The interdental
brush, which was sterilized and slender enough
(brush of kernel: diameter 0.5 mm, length 1cm),
was inserted into the tube sample, then rotated
and traversed 10 times to collect as much biofilm
as possible. Then, the kernel of the brush was
broken with a sterilized scissors and preserved in
an EP tube. All the EP tubes were immediately
transported and restored at—80°C within half
an hour.

DNA extractions

The biofilm samples with ddH2O were centrifuged at
8,000 g for 3 min, and the sediment was collected.
Then, DNA from biofilm samples was extracted
using the Cetyltrimethylammonium  Bromide
(CTAB) kit (Hangzhou Zeheng Biotechnology Co.,
Ltd, China) according to the manufacturer’s instruc-
tions. Meanwhile, the quality of DNA extraction was
measured by agarose gel electrophoresis, and the
DNA was quantified by ultraviolet spectrophot-
ometer. The total DNA was eluted in 50 uL of



Elution buffer and stored at -80°C until

measurement.

PCR amplification and high-throughput
sequencing

The extracted genomic DNA was amplified with a set of
primers, which targeted the V3-V4 hypervariable
regions of bacterial 16SrRNA genes (341F: 5-
CCTACGGGNGGCWGCAG-39, 805 R: 57-
GACTACHVGGGTATCTAATCC-3%), and the fungal
ITS2 gene (ITS1FI2: 5”-GTGARTCATCGAATCTTTG
-39 ITS2: 57-TCCTCCGCTTATTGATATGC-3). The
5’ends of the primers were tagged with specific barcodes
per sample and sequencing universal primers. PCR
amplification was performed in a total volume of 25
L reaction mixture containing 25ng of template DNA,
125puL PCR Premix (Shanghai Yitao Biological
Instrument Co., Ltd, China), 2.5uL of each primer,
and PCR-grade water to adjust the volume. The PCR
conditions to amplify the prokaryotic 16S fragments
consisted of an initial denaturation at 98°C for 30 sec-
onds; 32 cycles of denaturation at 98°C for 10 seconds,
annealing at 54°C for 30 seconds, and extension at 72°C
for 45 seconds; and then final extension at 72°C for 10
minutes. The PCR products were confirmed with 2%
agarose gel electrophoresis. The PCR products were
purified by AMPure XT beads (Beckman Coulter
Genomics, Danvers, MA, USA) and quantified by
Qubit (Invitrogen, USA). The amplicon pools were
prepared for sequencing and the size and quantity of
the amplicon library were assessed on Agilent 2100
Bioanalyzer (Agilent, USA) and with the Library
Quantification Kit for Illumina (Kapa Biosciences,
Woburn, MA, USA), respectively. The libraries were
sequenced on the NovaSeq PE250 platform.

Paired-end reads were assigned to samples based
on their unique barcode and truncated by cutting off
the barcode and primer sequence. Paired-end reads
were merged using FLASH. Quality filtering on the
raw reads was performed under specific filtering con-
ditions to obtain high-quality clean tags according to
the fqtrim (v0.94). Chimeric sequences were filtered
using Vsearch software (v2.3.4). After dereplication
using DADA2, we obtained amplicon sequence var-
iants (ASVs) feature table and feature sequence.
Alpha diversity and beta diversity were calculated by
normalized to the same sequences randomly.
According to SILVA (release 138) classifier, feature
abundance was normalized using relative abundance
of each sample.

Statistical analysis

The microbial community was analyzed in terms of
descriptive statistics. Alpha diversity indices (includ-
ing Chaol, Observed outs, Goods coverage, Shannon,
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and Simpson indices) and Beta diversity [principal
coordinates analysis (PCoA)] were calculated by
QIIME2 (2019.07). The differences of Alpha diversity
indices among the groups were evaluated by means of
Kruskal - Wallis test in R package (v3.5.2). The
graphs of PCoA were also drawn by R package
(v3.5.2). A p-value <0.05 was considered statistically
significant.

Results
Overview of sequencing results

A total of 1,883,753 bacterial reads were obtained
from the 29 dental unit biofilm samples with an
average of 64,957 + 2,215 sequences per sample
(range: 60952-69,030), representing 5,791 amplicon
sequence variants (ASVs). On average, 200 ASVs
were detected in each sample (range: 163-269).
Additionally, a sum of 1,749,165 fungal reads with
an average of 60,316 + 20367 sequences per sample
(range: 59927-110,364) were obtained from the 29
samples and represented 550 ASVs with an average
of 19 ASVs detected in each sample. Both the rarefac-
tions reached saturation when the number of bacter-
ial sequences analyzed exceeded 10,000 reads and the
number of fungal sequences analyzed exceeded 5,000
reads  (Supplementary material Figure Al).
Furthermore, the coverage index of all samples was
100%. All these findings indicated a high microbial
diversity in the DUWLs.

Microbial community diversity and structure of
the DUWL biofilm

The calculated alpha-diversity indices which mea-
sured the bacterial and fungal richness and diversity,
are presented in Table 2. The Observed outs and
Chao 1 indices reflect the species richness, while the
Shannon and Simpson indices usually indicate the
microbial community diversity. In this study, there
were no significant differences in diversity indices
among the samples of water pipes and air pipes (P
>0.05). Also, the alpha diversity analysis showed no
significant differences between samples of different
departments or different hospitals (P> 0.05)
(Supplementary material, Table AS3 and Table
AS3). Meanwhile, there were no significant differ-
ences in bacterial and fungal community structure
among the 29 samples according to PCoA
(Supplementary material Figure A2).

Microbial community composition of the DUWL
biofilm

The 16S rDNA gene sequencing showed that the
bacterial communities of all samples covered 18
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Table 2. Alpha-diversity indices and good coverage for microbial

community among biofilm samples.

Microbial community sample Observed outs chao1 Shannon Simpson Goods coverage p

bacteria Water tubes 203.86+28.40 203.94+28.43 4.341+0.13 0.86+0.01 1.000.00 >0.05
Air tubes 186.4314.92 186.44+£19.92 4.2740.12 0.85+0.01 1.000.00

fungi Water tubes 18.23£10.81 19.65+11.10 1.76+1.02 0.56+0.26 1.000.00 >0.05
Air tubes 14.43+5.50 15.86+5.85 1.234+0.87 0.43+£0.28 1.000.00

phyla, 36 classes, 85 orders, 167 families, 377 genera,
and 514 species. The ITS2 gene sequencing showed
that the fungal communities covered 5 phyla, 15
classes, 32 orders, 60 families, 83 genera, and 118
species. The relative abundance of microbial commu-
nity compositions at genus levels is illustrated in
Figure 1.

The overall relative abundances (%) of the top 5
bacteria and fungi at phylum, class, order, family, and
genus level were shown in Supplementary material,
Table AS4. The main phylum of bacteria was
Proteobacteria (93.27%) and that of fungi was
Basidiomycota (68.15%) in all samples. Other phyla
of bacteria including Actinobacteriota (2.25%),

Firmicutes (2.15%), Bacteroidota (1.40%) and
Verrucomicrobiota (0.31%), as well as the fungi
were  Ascomycota  (31.55%), Glomeromycota

(0.14%), Zygomycota (0.10%) and unclassified fungi
(0.50%). At the class level, Gammaproteobacteria
(82.21%) was the dominant class of bacteria, and
Ustilaginomycotina (33.36%) was the dominant class
of fungi. The most abundant genus of bacteria and
fungi were Herminiimonas (31.24%) and Malassezia
(33.36%) respectively.

Amount of potential human pathogens were
detected in the biofilm samples, including 7 genera
of bacteria and 6 genera of fungi (Table 3). The
potentially human-pathogenic genera of bacteria
with relative abundance over 1% were Pseudomonas
(35.0%+£2.4%), Stenotrophomonas  (5.7%=£0.7%),
Hafnia-Obesumbacterium (4.8%=+0.8%),
Burkholderia-Caballeronia-Paraburkholderia (3.0%=+
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0.5%), Ralstonia (2.5%=0.6%), Enterobacter (1.8%=%
0.4%), Klebsiella (1.6%+0.3%). The potentially
human-pathogenic genera of fungi with relative
abundance exceeding 1% were Malassezia (36.7%=+
40.2%), Candida (6.9%=+14.2%), Alternaria (5.6%=+
17.0%), Cryptococcus (3.5%=+7.1%), Rhodotorula
(2.4%=+9.3%) and Rhinocladiella (1.4%=+4.4%). In
this study, we also detected opportunistic pathogens
including bacteria of Stenotrophomonas maltophilia,
and fungi of Malassezia restricta and Malassezia
globose.

Discussion

The findings of this study revealed that DUWLs are
heavily colonized by bacterial and fungal commu-
nities and evaluated the risk of exposure of both
patients and dental staff to potential human patho-
gens. According to the published studies, the water in
DUWLSs appeared to be regularly contaminated with
microorganisms ranging from 10° to 10° colony-
forming units per milliliter (CFU/ml) [17,18], which
exceed the standard of no more than 200 CFU/ml for
DUWLs established by the American Dental
Association (ADA). Also, the research we once per-
formed observed that bacterial concentrations
reached 900 CFU/mL of the output water, and the
composition of microbes was different between the
output water samples and the biofilm samples
attached to the inner surface of tubes [11]. Another
article reported that the relative abundance of
Proteobacteria was significantly higher in the biofilm
Genus level of fungi
-
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at genus level (Re: samples from air tubes for 16SrRNA, Rf:

samples from air tubes for ITS2, Wa: sample from water tubes for 16SrRNA, Wb: sample from water tubes for ITS2, the Arabic

numbers indicate the corresponding DCUs).
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Table 3. The overall relative abundance (%) of potential pathogenic microorganism at genus level.

Pathogen Biofilm samples from water tubes Biofilm samples from air tubes overall relative abundance
Bacteria
Pseudomonas 12.30+1.30 12.344+0.92 35.00+2.40
Stenotrophomonas 5.78+0.77 5.63+0.64 5.70+0.70
Hafnia-Obesumbacterium 4.8040.85 4.711+0.64 4.80+0.80
Burkholderia-Caballeronia-Paraburkholderia 2.87+0.39 3.33+£0.54 3.00£0.50
Ralstonia 2.59+0.67 2.15+0.39 2.504-0.60
Enterobacter 1.8640.40 1.80+0.32 1.80+0.40
Klebsiella 1.654+0.37 1.53+0.21 1.60+0.30
Fungi
Malassezia 35.11+40.61 41.66+40.52 36.70+40.20
Candida 6.50+£12.50 7.96+21.05 6.90+14.20
Alternaria 7.39+15.16 0.00+0.01 5.60+17.00
Cryptococcus 3.96+7.32 2.11+5.57 3.50+1.70
Rhodotorula 1.10+4.67 6.57+17.38 2.40+9.30
Rhinocladiella 1.714£5.05 0.36+0.96 1.40+4.40

sample compared to the water sample, the reason
may be attributed to the release of microbiota from
biofilm to flowing water [19]. Thereby, the biofilm
sample might be more representative rather than the
water sample. In addition, there are other reasons to
demonstrate the significance of investigation in
DUWL biofilms. The existing biofilms are difficult
to eliminate totally because of the complex structure,
and as the resistance to antibiotics of bacterial cells in
mature biofilms is 10 to 1000 times higher than that
of planktonic bacteria, biofilms play an important
role in cross-infection in dentistry [20]. Thus, this
study was conducted using biofilm samples from the
inner surface of tubes among DUWLs to provide
more accurate data on the microbial community of
DUWL.

Previous reports have informed several environ-
mental factors associated with biofilm accumulation,
such as the age of dental unit [21], disinfectants
[10,13], and specialty and daily dental practices [15].
However, in this study, despite the 29 samples com-
pared in different groups, no significant differences
among these samples as shown by alpha diversity
indices and the PCoA. These results confirmed the
similarity in the composition of biofilm samples
obtained from different DUWLs. Certainly, further
verification is needed in the future due to the insuffi-
cient sample size and certain unknown factors.
Published reports verified that disinfecting treatments
and the flushing process could remove part of plank-
tonic bacteria and biofilms [10,22]. It might suggest
that microorganisms with strong colonization ability
or resistance to antibiotics were more likely to colo-
nize the inner surface of DUWLs as an important
part of biofilms. Meanwhile, biotic factors could be
involved in the process of biofilm formation. The
number of nutrients could be able to modulate the
initial attachment of microbial cells [23], and gene
regulation as well as quorum sensing may affect the
different steps involved during biofilm development
[24]. Thereby, it is essential to evaluate the microbial
community composition in terms of exploring the

biofilm formation and control strategy for biofilm
contamination of DUWLs. Additionally, it is noted
that the air samples selected in this study were also
observed in biofilms. The reason might be related to
the dental air compressors bringing water and micro-
organisms from the air into the air system while
producing air. The issue of biofilm contamination
in air tubes should attract more attention and further
study in the future. To sum up, based on our results
on the similarity of the microbial composition of the
biofilm samples, we could identify the dominant bac-
teria and keystone bacteria in biofilm formation more
explicitly and find general control methods for bio-
film contamination.

In our study, the dominant bacteria at the phy-
lum level were Proteobacteria representing over
91% of the total sequences, which was similar to
the results of previous reports [14,15,18].
Unsurprisingly, Proteobacteria was a commonly
detected phylum in water distribution systems,
owing to high tolerance to chlorine [25]. Members
of Actinobacteriota, Firmicutes and Bacteroidota
were also observed as previously found [10,15].
Additionally, the abundant fungi in this study
were Basidiomycota (68.15%) and Ascomycota
(31.55%) at the phylum level and
Ustilaginomycotina  (33.36%), Tremellomycetes
(22.46%) and Saccharomycetes (15.92%) at the
class level. It was slightly different from other stu-
dies that showed the pattern of Ascomycota and
Basidiomycota at phylum level and the
Saccharomycetes at class level [13], or Ascomycota
at the phylum level and Saccharomycetes at the
class level [15]. These distinctions are possibly
caused by a variety of factors, whereas we could
still obtain some information as support for mon-
itoring and controlling biofilm contamination.

Despite the difference in the ratios and diversity of
opportunistic pathogens found between studies,
Pseudomonas and Acinetobacter were previously
described as prevalent. In this study, Pseudomonas
was also detected with a high relative abundance
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(35.0%=+2.4%) which could form biofilm in DWULs
[26] and exhibit resistance to antimicrobial agents
and disinfectants, most notably Pseudomonas aerugi-
nosa [27]. It was reported that Pseudomonas aerugi-
nosa caused lung infections associated with brain
abscess [28] and cystic fibrosis [29]. In contrast,
Acinetobacter was not detected in our samples.
Moreover, Stenotrophomonas (5.7%=+0.7%) found in
our research was also reported previously [10,15],
and Stenotrophomonas maltophilia was also identified
in our biofilm samples. Importantly, S. maltophilia is
a multidrug-resistant global opportunistic pathogen,
which can be recovered from polymicrobial infec-
tions, especially from the respiratory tract of cystic
fibrosis patients [30]. Other potentially pathogenic
bacteria including Mycobacterium and Escherichia-
Shigella in this study were rarely detected compared
with similar research [10,15]. Research has informed
etiological links between these pathogens and
a number of diseases, such as Mycobacterium tuber-
culosis infection in the central nervous system after
dental extraction [31] and infectious hypoxia-induced
within foci of infection during Shigella infection [32].
Regarding the opportunistic fungal pathogens,
Malassezia (36.7%+40.2%), Candida (6.9%+14.2%),
Alternaria (5.6%=£17.0%), etc. detected may also
lead to infections. Hitherto, studies have established
that Malassezia yeasts were associated with immuno-
compromised individuals and sepsis of neonates, and
play a role in aggravating seborrheic dermatitis, dan-
druff, folliculitis, and onychomycosis [33]. Candida,
recognized as a major agent of hospital-acquired
infection, can cause respiratory infections including
asthma, allergies and wounds on mucous membranes,
even resulting in serious systemic disease [34,35].
Absolutely, these opportunistic pathogens could
bring multifarious infectious risks to patients and
dental staff during dental treatments, and endotoxins
released from gram-negative pathogens in the
DUWLs might cause allergic airway reactions [36].
Compared with cultivation techniques, High-
throughput sequencing was more time-efficient, and
could provide a huge amount of biological informa-
tion. However, this technology also has the disadvan-
tage of expensive analysis costs and short reads which
are difficult to identify at the species level. Although
29 biofilm samples from 7 dental institutions were
analyzed, the sample size is still not large enough.
Thus, subsequent research should be carried out with
more samples and performed to identify species accu-
rately. These results highlighted the potential infec-
tious risk of DUWL biofilms and the necessity of
control approaches to microbiome contamination.
Disinfection protocols to reduce DUWL contamina-
tion presently include physical measures (e.g.: flush-
ing, anti-suction device and filtration), chemical
disinfectants (e.g.: chlorhexidine, hydrogen peroxide,

chlorine dioxide, sodium hypochlorite, and super-
oxidized water), and new materials for DUWLs
[37,38]. However, all these current measures are
inadequate, such as physical measures are unable to
remove forming biofilms and chemical disinfections
could not remove all biofilms effectively due to resis-
tance to disinfectants of biofilms [39] as well as
DUWL might be damaged by the corroded internal
components [37]. Hence, validated disinfection pro-
tocols should be established to control DUWL con-
tamination. In addition, the scheduled monitoring of
microbial contamination of dental units is equally
important. Altogether, our results may suggest that
more effective disinfection strategies are needed to
improve the microbial quality of the DUWL. The
pathogenic mechanisms, independent factors, and
drug resistance of pathogenic bacteria should be
explored further to provide a basis for DUWL disin-
fection in the future.
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