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First water safety plan approach applied to a Dental Clinic complex: identification
of new risk factors associated with Legionella and P. aeruginosa contamination,
using a novel sampling, maintenance and management program
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ABSTRACT ARTICLE HISTORY
Dental unit waterlines (DUWLS) represent a complex environment able to promote microbial ~ Received 21 March 2023
contamination, due to functional, mechanical and practical risk factors. According to a water iev'sed(}?\fay 2%;3
safety plan approach, the main goal is to preserve the health of dentists, dental staff and patients. ccepte une
The aim of this study is to develop a DUWLs water safety plan that is able to support correct and KEYWORDS
effective maintenance and disinfection procedures. Dental unit waterlines
Three different water systems serve 60 dental chairs: (i) water that comes directly from municipal (DUWLs); water quality;
water (Type A), (i) water supplied by municipal water and water bottles (Type B) and (iii) water Legionella; Pseudomonas
supplied only via water bottles (Type C). For each type, Legionella and Pseudomonas aeruginosa aeruginosa; maintenance
contamination was studied, by applying a new sampling scheme, based on separate sampling from p{océjureS;l V\{alt(efr safety
water bottles, cup filler and handpieces. Type B DUWL is the only type of DUWL contaminated by L. plan; dental risk factors
pneumophila (ST 59) and L. anisa (mean contamination: 608.33 + 253.33 cfu/L) detected in cup filler
and handpieces, as well as the high presence of P. aeruginosa (4442 +13.25 cfu/100 mL). Two
subsequent shock treatments and resampling procedures were performed by increasing disinfectant
dosage and contact time and removing some DUWL components linked to biofilm growth in DUWLs.
A significant reduction of contamination was obtained for both microorganisms (Legionella spp.:
—100%, p < 0.001 and P. aeruginosa: —99.86%, p = 0.006). The sampling strategy proposed allows us to
identify the source of contamination and better focus on the maintenance and disinfection proce-
dures. DUWLs represent an environment that requires a multidisciplinary approach, combining the
knowledge of all DUWL components to correct procedures that are able to preserve the health of
personnel and patients, as well as guaranteeing DUWLSs' safe functionality.
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Introduction

Water is an important factor in dental care practices as
it is involved in cooling and irrigation equipment
during dental treatments. Dentists, dental staff and
patients, particularly those who are immunocompro-
mised, smokers or the elderly, are considered vulner-
able, and the continuous exposure to contaminated
water contact or aerosolization poses a risk to human
health. Exposure can occur directly through drinking
or splatters as well as through contact with human skin
and mucous membranes. In addition, aerosols gener-
ated by dental high-speed handpieces and air/water
syringes can represent a potential vehicle for indirect
infection. For this reason, the water used in dental care
must at least comply with drinking water criteria, and
therefore infectious risk management is a fundamental
aspect to ensure high-quality water [1,2].

Dental Unit Waterlines (DUWLs) may be supplied
directly by municipal water, a sterile water bottle, or
both; the presence of a water bottle that feeds the
dental circuit, if not maintained, can result in water
stagnation, especially when dental units are not in
use. Moreover, water becomes a source of microbio-
logical contamination, due to several factors includ-
ing the type of water supply, the back-contamination
of biological fluids from patients’ oral cavities, espe-
cially when the anti-retraction valves fail or are not
correctly maintained, and the biofilm formation on
the inner surfaces of dental water pipelines [3,4]. In
particular, the pipelines characteristics such as the
materials used in the manufacturing of tubes (e.g.
plastic), the small lumen size (0.5-2mm), a large
area-to-volume ratio (6:1), as well as the age of the
waterline system support biofilm development [5].

The biofilm is difficult to remove in DUWLs and
represents a reservoir of pathogenic and non-patho-
genic bacteria [6,7].

Over the years, several studies have been published
on biofilm formation control in dental units. Some of
these focused on the development of surfaces with
antibiofilm activity [8], the use of sterilized water [9]
or chemical-physical treatments (e.g. chlorination or
filter systems) [10,11]. However, the implementation
of these strategies, due to their high costs, requires
the implementation of adequate maintenance
programs.

Many Gram-negative bacteria, including environ-
mental microorganisms (Moraxella spp. and
Flavobacterium spp.) and opportunistic human
pathogens (Streptococci, Enterococci, Staphylococci,
Pseudomonas spp-» Legionella spp- and
Mpycobacterium spp.), have been reported in
DUWLs output water samples. In addition, fungi
(Candida spp.) and protozoa (free-living amoebae)
have been isolated from DUWLs [4,12,13].

The first evidence of microbial contamination in
DUWLs was described by Blake in 1963 [14]. Several
studies have been conducted since this report, focus-
ing on bacterial analyses, microbiological typing and
maintenance programs to improve DUWLs output
water quality [15,16]. Pathogens from DUWLs were
transmitted by aerosolization of water and inhalation
of droplets from dental handpieces [17-19], and also
by direct transmission through wounds, splatters or
ingestion of water [20-22]. Especially in immuno-
compromised patients, infections caused by the afore-
mentioned pathogens, which are resistant to
antimicrobials, can be fatal. A recent fatal case of an
elderly Italian patient, who acquired a Legionella
infection during dental practices, was reported by
[23,23]. Despite the low incidence, other ‘probable’
fatal cases both for patients and dental staff have been
reported [24,25], highlighting that the risk associated
with dental practices and instruments used should
not be underestimated.

Regarding water quality requirements, in the guide-
lines on infection control in dental health care the US
Centers for Disease Control and Prevention (CDC)
and American Dental Association (ADA) recommend
that the level of heterotrophic plate count (HPC) bac-
teria should have at most 500 and 200 colony forming
units (cfu)/mL, respectively [16,26].

There are no current European guidelines for
DUWLs with respect to microbial contamination.
Several countries applied the drinking water standard
requirements, indicating the absence of pathogenic
bacteria (e.g. Escherichia Coli (E. coli), Pseudomonas
aeruginosa (P. aeruginosa), Enterococci) in DUWLs,
others, applied the suggestions from the CDC and the
ADA, which give suggestions concerning the hetero-
trophic bacteria count at 22°C [27].

In the current Italian National and Regional guide-
lines for the prevention and control of Legionella infec-
tion, the contamination limits suggested for dental
healthcare settings are referred to healthcare facilities
[28,29]. During the COVID-19 pandemic, the ESCMID
Study Group for Legionella Infections (ESGLI) pro-
duced the Guidance for managing Legionella in dental
practices (20200424 v 01.012019), suggesting a list of
control measures to prevent Legionella infections [30].

Subsequently, in Italy, a new Covid Report was
published containing indications for the prevention
of Legionella risk in dental units. According to the
ESGLI document, the report established the limit of
100 cfu/L as a threshold to undertake corrective mea-
sures [31]. Moreover, dental clinics are required to
monitor the water quality from DUWLs and to con-
duct a Legionella environmental monitoring at least
once a year or whenever a case of disease occurs
among dental staff or patients [28,31].



In this study, the microbial contamination of a
Dental Clinic complex consisting of 60 dental chairs
was evaluated. The aim was to assess the water quality
maintenance program developed during the lock-
down period that occurred during the global SARS-
CoV-2 pandemic in 2020, regarding Legionella and P.
aeruginosa contamination, considering that the pre-
sence of Legionella in dental units is frequently asso-
ciated with P. aeruginosa contamination [5,32].

Although the Italian Covid Report suggests a sam-
pling approach to apply in DUWLS: collection of a
total volume of 1L from the turbine module, micro-
motor module, air/water syringes module, scaler
module (where present) and cup filler, mixed
together, in this study, a new sampling approach
was implemented. The DUWLs were separated
between dental high-speed handpieces and air/water
syringes, water bottles and cup fillers. The main goal
was to study the origin of contamination in DUWLs,
identifying new potential risk factors. This approach
will allow us to elaborate a new risk assessment plan,
focused on the optimization of corrective measures
and preventive strategies.

Materials and methods

Dental clinic description and characteristics of
DUWLs

The Dental Clinic complex is located inside a histor-
ical building and consists of 60 dental unit chairs,
which are different in terms of model and year of
installation (from 2005 to 2022), distributed in 10
dental departments, according to the different dental
practices conducted. In the study, the dental chairs
were differentiated with regard to the water supply
system and their technical characteristics. Therefore,
a Legionella risk assessment plan, a new sampling
program as well as corrective and preventive mea-
sures were developed accordingly.

Three types of dental units were classified as
follows:

e Dental unit entirely supplied by the municipal
water network (n =5), named Type A;

e Dental unit with cup filler supplied by the muni-
cipal water network and handpieces supplied by
an independent water bottle, with the option, via
a bypass button, to switch from the supply tap
water system to the water bottle (# = 43), named
Type B;

e Dental unit with both cup filler and handpieces
supplied by an independent water bottle and the
dental unit spittoon supplied by the municipal
water supply; in these DUWLs, there is no pos-
sibility of modifying the supply water system
feed (n=12), named Type C.

JOURNAL OF ORAL MICROBIOLOGY e 3

In DUWLSs equipped with a dual water supply system
(Types B and C), the independent water bottle has a
capacity of 1 to 1.5L, depending on the model of
dental unit chair. Demineralized water plus hydrogen
peroxide solution (3% v/v, final volume) was used to
fill the water bottle, in accordance with manufac-
turer’s suggestions.

The difference in the number of DUWLS repre-
sents the real Dental Clinic equipment.

DUWLs routine maintenance and sanification
programs

According to the Center for Disease Control and
Prevention (CDC), the European guidelines and the
Italian and Regional guidelines [28,66], all DUWLs
implemented a Legionella risk assessment plan based
on routine maintenance program:
¢ Every morning:
— Flushing for at least 2 min from handpieces

hoses and cup filler;

- Disinfection of automated water bottle, filled with
demineralized water plus hydrogen peroxide
solution (final concentration of 3% v/v);

- Keep the surfaces of the dental unit clean and
decontaminated using hydroalcoholic-based
disinfectants and detergent solutions.

¢ Between each patient:

- Flushing for at least 20-30 s from handpiece
hoses and cup filler;

- Replace with newly sanitized handpieces.

o At the end of the working day:

- Disinfection procedures were implemented in
accordance with the manufacturer’s instruc-
tions. In detail, for DUWLs belonging to
Type A, the disinfection procedure is focused
only on the handpieces by autoclave treat-
ment. Types B and C disinfection procedure
is carried out via an independent water bottle
filled with demineralized water and hydrogen
peroxide solution (final concentration of 3%
v/v); moreover, at the end of each working
day, Type B and C lines present an automatic
disinfection program based on hydrogen per-
oxide (final concentration of 3% v/v) plus
Agh;

- Unplug and autoclave the handpieces, where
possible, or unplug and sanitize before reuse;

— Sanitize and rinse the water bottle with chlor-
ine-based solutions, sterile, distilled or osmo-
tic water. When possible, sterilize the water
bottle and store it upside down to allow per-
fect drying.

To these ordinary maintenance procedures, the fol-
lowing recommendations are advised:
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e Eliminate or remove from the (DUWLs) com-
ponents or pipeline sections excluded by the
water flow, to avoid dead water branches.

e Install anti-stagnation devices able to continu-
ously maintain water circulating, especially dur-
ing work breaks.

o Install filters (<0.2 pm) capable of retaining
microorganisms from inside the circuit, imme-
diately upstream of the handpieces. These
should be replaced every 6 months or when
the water or pressure flow decreases;

e Monitor the cold-water temperature, coming
from the water supply and circulating in the
DUWLSs, ensure temperature values below 20°C;

e Carry out maintenance and periodic checks of
the non-return valves present at the handpiece
hoses;

e In case of breakdown or prolonged disuse of the
dental unit, ensure its emptiness and disconnec-
tion from the main water supply, until the next
safe use.

In this study in presence of non-compliant results
obtained due to the presence of Legionella and/or P.
aeruginosa, a sanification treatment was undertaken
by manufacturer’s staff.

The first step of DUWL cleaning was performed
using a commercial alcohol-based detergent injected
into the DUWL through a pressurized pump.
Furthermore, after a rinse with sterile water, a descal-
ing product based on orthophosphoric acid solution
(final concentration 7% v/v) in water was applied for
10 min. The circuit was then emptied, washed twice
with sterile water and, finally, an extraordinary disin-
fection treatment with hydrogen peroxide (final con-
centration 10% v/v) for 10 min was performed.

The dentist and dental staff were informed about
the biological risk present, in order to evaluate and
carry out functional and maintenance DUWLs

programs. Furthermore, each of the activities listed
above was recorded on a maintenance register, vali-
dated by the health director and the safety manager.

Extraordinary maintenance and sanification
program implemented in the study

When non-compliance results were obtained after an
ordinary sanification protocol, a second extraordin-
ary sanification procedure was developed, to improve
the manufacturing protocol.

Before starting the new extraordinary sanification
program, a timely visual inspection of the whole
water pipeline system was conducted with manufac-
turer’s staff. Starting from the point of connection
with the municipal water, located under the dental
chairs, up until the handpieces and cup filler, all
components were inspected.

The following activities were performed:

e all the DUWLs were suspended and the con-
taminated DUWLs were also disconnected
from the municipal water connection;

e replacement of two in-line filter pressure redu-
cers (50 and 25 pm), located after the input of
the main municipal water, were carried out
(Fig. 1a,b);

¢ all the damaged pieces or anything else that could
over time cause water stagnation, flow reduction
and biofilm formation, such as the flow sensor
(Fig. 1c) or the small pipelines that connect the
main water to dental handpieces, cup filler and
the spittoon, were replaced (Fig. 1d);

e in accordance with manufacturer’s staff instruc-

tions, a new cycle of sanification was performed.
The applied protocol was changed from the pre-
vious one, in terms of the number of rinses (two
times after each treatment), use of sterile water
and increase

in disinfectant concentration,

Figure 1.DUWLs components analyzed: a) filter pressure reducers located in the dental chair; b) details of two filter pressure
reducers; c) flow sensors and d) FLOQSwabs® minitip samples on part of water pipelines.



hydrogen peroxide solution (final concentration
of 35% v/v) and contact time, 20 min instead of 10;

e after these corrective actions, the DUWLs were
restored to normal functioning;

e all healthcare workers applied a flushing proce-
dure of 5 min at the beginning, in the middle
and at the end of the day from handpieces,
patient water glass and spittoon; in particular,
for DUWLs without an automatic flushing sys-
tem from cup filler and spittoon (Type B), a
manual flushing activity was implemented
every day for 5 min.

Water sample collection and microbiological
parameters

A preliminary site inspection was carried out to meet
the staff and to analyze the type of dental unit chairs
in use, to correctly plan the water sampling with the
aim of controlling the compliance of procedures with
manufacturer’s instructions.

The DUWL monitoring was performed at different
times, as follows:

e TO: the first monitoring, to detect the level of
DUWL contamination and the compliance with
ordinary procedures described in the water
safety plan;

e TI: resampling of positive units (Legionella,
>100 cfu/L) and (P. aeruginosa, >0 cfu/L), after
the ordinary sanification program;

e T2: resampling of DUWLs that remain positive
(Legionella, >100 cfu/L and P. aeruginosa,>0
cfu/L), even after the ordinary sanification pro-
gram. Test of efficacy of the extraordinary sani-
fication program was implemented.

During the study, sampling was conducted between
2021 and 2022, considering the different dental chair
characteristics and water supply systems.

To obtain exhaustive information on the DUWLs
contamination statuses, a representative number of
dental unit chairs (50.0%) were chosen from each
dental department in relation to the equipment of
Dental Complex and the type of supply system
(municipal water or water bottle). In particular,
Type A DUWLs (connected to the main municipal
water) were chosen at the start, the middle and the
end of the main water pipelines, while for both Type
B and Type C DUWLs (supplied by water bottle),
they were randomly chosen. In detail, n = 3/5 Type A
DUWLs, n=22/43 Type B DUWLs and n=5/12
Type C DUWLs were monitored, respectively.

Regarding the sampling plan, for each dental
chair, three different sampling points were chosen:
i) dental high-speed handpieces and air/water syr-
inges, ii) water bottle (when it was present) and iii)
cup filler, with a total of n =90 water samples. Each
of them was separately sampled and analyzed, in
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order to test the quality of the water pipeline across
the dental unit.

In detail, 100 mL was collected from each hand-
piece and mixed to obtain a total volume of 500 mL,
1L from the cup filler and 1L from the water bottle.

The objective of this new sampling approach is to
analyze the contamination present in the dental unit,
in order to uniquely identify the critical points. In
addition, the sampling was carried out at the end of
each working day and before ordinary sanification
practices, in order to detect the level of contamina-
tion present in the operating conditions of the dental
unit.

Furthermore, to better understand the possible
source of contamination, water samples (1 L) were
also collected from the municipal water network con-
nection located at the base of each dental chair
(Types A and B) and from the DUWLs water bottle
that contained demineralized water (Type C).

The water samples were collected in sterile poly-
tetrafluoroethylene (PTFE) bottles, without flushing
according to ISO 19458:2006, and analyzed within 24
h [33]. Water temperatures (°C) were tested for all
samples by a digital thermometer coupled with a
liquid thermistor probe (XS Temp 7 Vio PT 100
Thermometer from —-200 to+999°C; FEutech
Instruments Pte Ltd., Singapore).

Microbiological analyses included the detection of
Legionella and P. aeruginosa, in accordance with the
Italian and Regional Guidelines and the Italian
Regulation on drinking water for human consump-
tion, respectively [28,34,66].

Legionella isolation was performed using culture
techniques according to ISO 11731:2017 [35]. For the
enumeration of Legionella, samples were processed
with a membrane filtration technique using poly-
ethersulfone membrane filters with a porosity of
0.22 um (Sartorius, Bedford, MA, USA). Aliquots of
100 ul of the filtered, heat- and acid-treated sample
were seeded on Glycine-PolymyxinB-Vancomycin-
Cycloheximide (GVPC) selective agar (Thermo
Fisher Scientific, Diagnostic, Ltd., Basingstoke, UK)
and then all the plates were incubated at 35+ 2°C
with 2.5% of CO,. The culture required a minimum
of 10-15 days, and the plates were examined every 2
days. The presumptive colonies were enumerated and
sub-cultured on Buffered Charcoal Yeast Extract
(BCYE) agar with L-Cysteine (Cys+) and without L-
Cysteine  (Cys-) (Thermo  Fisher  Scientific,
Diagnostic, Ltd., Basingstoke, UK). The detection
limit was 100 cfu/L.

The Legionella colonies, growth only on BCYE Cys
+, were identified using the Legionella latex aggluti-
nation test kit, differentiating between Legionella
pneumophila (Lp) serogroup 1 (Lpl), Lp serogroups
2-14 and seven of non-L. pneumophila (nLp) species
(Thermo Fisher Scientific, Ltd. Basingstoke, UK),
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based on manufacturer’s instructions. The positive
results obtained for nLp species agglutination test
were also analyzed by the MALDI Biotyper System
(Bruker Daltonik GmbH, Bremen, Germany) and
data were interpreted following the manufacturer’s
instructions [36]. Moreover, the identification of
Legionella colonies was performed by Sequence-
Based Typing (SBT) for colonies belonging to Lpl
and by macrophage infectivity potentiator (mip)
gene sequencing, according to the protocol described
by the ESGLI group [37,38]. SBT data were analyzed
using the web-based Lp SBT database (https://bioin
formatics.phe.org.uk/legionella/legionella_sbt/php/
sbt_homepage.php). This link is undergoing develop-
ment and is currently unavailable externally but can
be accessed internally by the database curators at
UKHSA (legionella-sbt@ukhsa.gov.uk).

P. aeruginosa analysis was carried out according to
the UNI EN ISO 16266:2008 standard technique [39].
The analysis was performed on a volume of 100 mL,
filtered using a cellulose nitrate membrane filter with a
0.45 pm pore size (Sartorius, Bedford, MA, USA). The
membrane was seeded on Pseudomonas C-N Selective
Agar (Cetrimide Agar) (Thermo Fisher Scientific,
Diagnostics, Ltd., Basingstoke, UK) and incubated for
48 h at 36°C. The detection limit was 0 cfu/100 ml.

Blue-green colonies, which produced a characteristic
bright green color on the medium and showed fluores-
cence under a Wood's lamp (ultraviolet light at 365
nm), were identified as presumptive P. aeruginosa. The
colonies were biochemically identified by indole, oxi-
dase reaction tests and Remel RapID NF Plus system
(Thermo  Fisher  Scientific, Diagnostic, Ltd.,
Basingstoke, UK), according to the manufacturer’s
instructions. The results were also confirmed by
MALDI Biotyper System (Bruker Daltonics, Germany)
according to the manufacturer. Moreover, further ana-
lysis was carried out on all changed or removed com-
ponents of DUWLs by using FLOQSwabs® minitip
(Copan, Brescia, Italy). In detail, swab samples were
collected on the filter pressure reducers, on the flow
sensor and on the changed connecting pipelines, as well
as on the handpieces (Figure 1c,d).

The samples with Legionella contamination <100
cfu/L and P. aerugionosa = 0 cfu/100 mL were consid-
ered negative, instead when the contamination was
>100 cfu/L, a disinfection of DUWLs and a review of
correctives measures were required, with a subse-
quent resampling [31].

Regarding the P. aeruginosa results, the reference
value is 0 cfu/100 mL, according to the Italian
Regulation of drinking water for human consump-
tion [34].

The microbiological  contaminations  were
expressed as the mean value * standard error (SE).

Moreover, other water samples were taken after
non-compliant results were obtained during the

study and/or after extraordinary sanification proce-
dures implemented on DUWTLs.

Statistical analysis

SPSS software for Windows version 28.0.1.1 (IBM
SPSS, Inc., Chicago, IL, USA) and R Statistical
Software (version 4.2.3, ‘Shortstop Beagle R
Foundation for Statistical Computing, Vienna,
Austria) were used to perform statistical analyses. A
Shapiro-Wilk test was carried out to assess the nor-
mality of variables. A Kruskal-Wallis H test was per-
formed for the comparison of three or more groups,
whereas the comparison between the two groups was
performed using a Mann-Whitney test. Significance of
all statistical tests was set to p value (p) < 0.05.

Results

In the Dental Clinic complex involved in the study,
30 out of 60 DUWLs (50.0%) were sampled, by taking
into consideration their number and type of water
supply.

The first monitoring aimed to assess the status of
water quality (T0) and showed that 12/30 (40.0%) of
DUWLs presented contamination of Legionella and/
or P. aeruginosa.

The mean contamination observed was 230.56 +
95.69 cfu/L for Legionella and 17.58 + 6.02 cfu/100
mL for P. aeruginosa.

Lpl was detected in the range from 100 to 2500
cfu/L, with a mean contamination + SE of 177.78 +
92.68 cfu/L, nLp in the range of 200 cfu/L to 800 cfu/
L (52.78 £ 26.87 cfu/L) and P. aeruginosa was present
in the range of 27 to 100 cfu/100 mL (17.58 +6.02
cfu/100 mL).

Concerning the identification of the Legionella
species, the SBT profile reported for Lpl was the
Sequence Type (ST) 59, whereas L. anisa was detected
among nLp isolates. The results were confirmed by a
MALDI Biotyper System analysis that returned a high
confidence identification score for both Lp and L.
anisa isolates.

In Table 1, the data regarding the contamination
found for Legionella and P. aeruginosa are shown, in
relation to different DUWL types and sampling
points (T0).

The positive dental chairs were disconnected from
the municipal water, through a connector located
under the floor, and water input was sampled. None
of the municipal water samples displayed any con-
tamination. Similar results were also obtained by
analyzing the demineralized water used to fill the
DUWL water bottles.

All Type A and Type C dental units monitored (n = 3
and n=5, respectively) showed no microbial


https://bioinformatics.phe.org.uk/legionella/legionella_sbt/php/sbt_homepage.php
https://bioinformatics.phe.org.uk/legionella/legionella_sbt/php/sbt_homepage.php
https://bioinformatics.phe.org.uk/legionella/legionella_sbt/php/sbt_homepage.php
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Table 1. Legionella and P. aeruginosa mean contamination + SE, in relation to different DUWLs and sampling points during TO.

Positive samples contamination
Mean contamination + SE
(minimum-maximum)

Water
DUWLs temperature TO Legionella spp. Lp1 L. anisa P. aeruginosa
DUWL type contaminated (°Q) sampling points (cfu/L) (cfu/L) (cfu/L) (cfu/100 mL)
Type A* 0/3 Cup filler 0 0 0 0
(n=3) 18.75+0.40 Dental handpieces
Tap water
Type B 12/22 Cup filler 608.33+253.33 491.67+258.33 116.67+67.23 44.42+13.25
(n=22) (54.55%) (0-2500) (0-2500) (0-800) (0-100)
23.06+0.22 Dental handpieces 83.33+56.18 41.67+41.67 41.67+41.67 8.33+£8.33
(0-500) (0-500) (0-500) (0-100)
Water bottle 0 0 0 0
Type C 0/5 Cup filler 0 0 0 0
(n=5) 21.43+0.17 Dental handpieces

Water bottle

*Type A DUWLs were supplied by the municipal water network; therefore, the water bottle samples are absent.

contamination; instead, all the contaminated samples
belonged to Type B.

Regarding the sampling points identified in Type
B, the main contamination was found in cup filler
points (12/12), followed by dental handpieces (3/12).
On the other hand, the water bottle samples never
showed contamination for both analyzed parameters.

The temperature measured for each sample (Table 1)
showed values <25°C, with a mean between 18.75 *
0.40°C and 23.06 + 0.22°C.

DUWL contamination after the ordinary
sanification protocol

All non-compliance Type B DUWLs (n=12) con-
taminated at TO, were provisionally closed to patients
and dental staff. The positive samples for one or both
parameters were then re-analyzed (T1), in order to
test the performance of the ordinary sanification pro-
tocol undertaken and correctly share the maintenance
measures among operators.

A total of 36 samples were collected 24 h after the
activity was undertaken, following the same methodol-
ogy (cup filler, handpieces and water bottle). Moreover, 1
L of water input was again sampled as a control. The
results obtained after the ordinary sanification protocol
conducted during monitoring time T1, and the compar-
ison with the previous results (T0) are shown in Figure 2.

As shown in Figure 2, after the sanification proce-
dures, a general decrease in Legionella and P. aeruginosa
mean contamination was observed in cup filler. In parti-
cular, the following reductions were observed: Legionella
spp- —59.54% (Lpl —-42.53%, L. anisa —90.63%) and P.
aeruginosa —43.29%. These results do not show statisti-
cally significant differences. However, in the dental hand-
pieces, the contamination disappeared, and the absence
of contamination in the water bottles and water input was
reconfirmed.

Results show that, despite the fact that the ordinary
sanification protocol led to a contamination decrease, the

cup filler, remained contaminated and over the regula-
tion limit.

The Type B DUWLs were again disconnected from
water input, and the status of the pipelines was assessed
by both visual inspection and collection of swab samples.
The small tube connecting the main water pipelines with
the cup filler, and the mixed valve connected to the flow
sensor were removed. Moreover, using the FLOQSwabs®
minitip, a biofilm sampling into the small DUWL pipe-
lines and flow sensor was performed (Figure 1c,d). The
two series filters (porosity of 50 and 25 pm), located
under the dental chairs, which serve as pressure reducers
of the main water flow, were removed and analyzed
(Figure 1a,b).

Extraordinary sanification was performed on the
DUWLs that remained positive and a resampling
(T2) was conducted 24 h after the extraordinary
sanification protocol. This showed contamination by
P. aeruginosa only in the cup filler in 1/12 DUWLs (1
cfu/100 mL). In the other locations of the DUWLs, no
contamination was reported. Moreover, the swab
samples and pressure reducer filters removed showed
a high Legionella and P. aeruginosa presence.

In order to evaluate the effectiveness of the extra-
ordinary sanification program developed, statistical
analysis was performed on cup filler samples that
remained contaminated until T2. The analysis of the
results is shown in Table 2.

The data obtained confirmed the efficacy of the
extraordinary program developed during the study.

Discussion

DUWLs represent an environment susceptible to
microbiological contamination. The main risk factors
associated with bacterial proliferation are as follows:
i) small and thin pipelines; ii) water stagnation inside
water bottle and in the DUWLs that promote biofilm
formation; iii) inadequate flushing and disinfection
procedures; vi) absence or poor maintenance of filter
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Figure 2.Type B DUWLs cup filler mean contamination: a) Legionella spp., b) Lp1, ¢) L. anisa and d) P. aeruginosa. Contamination
comparison between T0 and T1 on 12 Type B DUWLs remained positive. No significant differences were obtained. Detection
limits were 100 ufc/L for Legionella and 0 cfu/100mL for P. aeruginosa.

devices and anti-backflow valves. Moreover, it is esti-
mated that the occupational risk may affect 1 to 2
million healthcare staff worldwide [40], consequently
for DUWLs we must develop a risk assessment plan,
identifying the main risk factors that can influence
water quality [18,32,41].

Generally, to reduce the microbiological risks cor-
related to DUWLs, routine prevention strategies must
be applied, such as using anti-stagnation valves,
flushing, supplying DUWLs with sterile water, anti-
microbial filter installation and chemical disinfectants
provided in continuous or in extraordinary shock
treatment modality. All these suggestions associated
to a strict compliance with component maintenance
could lead to a DUWL microbial contamination con-
trol [42,43].

Despite Legionella being linked to biofilm growth
and handpiece aerosols representing a potential
source of infection in DUWLs, until now, it has not
been directly regulated in European countries and
the USA.

In Europe, the positions among countries with
regard to DUWLs water quality are different.
While acknowledging the risks represented by
DUWLs for workers, no country has developed
specific technical guidance concerning water qual-
ity. Some countries such as Sweden, the
Netherlands, Germany, Ireland, Greece and
Hungary have guidelines containing references to
the role of flushing activities, the use of sterile
water, or the application of continuous or shock
chemical treatment. Regarding the microbiological



water quality, they use the heterotrophic bacteria
count at 22°C. Other countries do not have any
references to water quality or programs for its
monitoring [27].

The problems have been emphasized during the
SARS-CoV-2 pandemic, with the extended closure of
dental units, often without the implementation of
maintenance programs. Therefore, the ECDC and
National Italian Institute of Health provided sugges-
tions on how to approach dental unit water quality
(30,31].

The Italian guidelines on surveillance and control
of Legionellosis include dental units among the water
distribution systems with a high risk of Legionella
contamination [28,29], suggesting an important role
of water risk assessment plans and surveillance pro-
grams once a year. Moreover, the Italian Legislative
Decree 09.04.2008, no. 81 concerning the protection
of health and safety in the workplace inserts
Legionella in the level 2 of biological risk and requires
Legionella surveillance in places where there is a risk
for workers, in order to prevent and minimize expo-
sure [44].

In 2020, a new European directive on water
intended for human consumption mentions for
the first time Legionella as a parameter to guarantee
the safety of water consumption (Directive (EU)
[45]). In Italy, the recent transposition of the
European directive, legislative degree 18/2023 [46],
requires more attention being paid to Legionella in
several activities and buildings. In particular, in the
recent ‘Guidelines for risk assessment and manage-
ment for water safety in distribution system inter-
iors in priority and non-priority buildings and in
some vessels in accordance with Directive (EU) °
Report ISTISTAN 22/32 (https://www.iss.it/rap
porti-istisan), published by the National Institute
of Health [47], dental units are classified among
priority level B buildings. According to the guide-
lines, these facilities need to appoint a professional
figure called a ‘GIDI" (Gestore Idrico della
Distribuzione Interna dell’acqua), to produce a
water safety plan and to perform Legionella mon-
itoring at least twice per year.

In this study, the monitoring of P. aeruginosa was
added considering that it is harmful especially for
immunocompromised patients [48]. It is isolated
from 2.9 to 50% of water samples collected from
dental unit waterlines, and from saliva ejector tubing
[49-51]. Its presence could be connected to the retro-
contamination inside the tubes, with consequent
water stagnation and biofilm formation [52-54].
Moreover, in many studies, its ability to compete
with Legionella growth has been reported, with the
risk of Legionella false negative results [5,52,55].
Although its role is widely recognized, the new
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European directive on drinking water, as well as the
Italian transposition [46] removed it from the indi-
cator parameters, leaving the possibility of testing for
it dependent on the risk assessment conducted. This
approach may limit its role also as an indicator for
maintenance and cleaning procedures, with several
implications for hygiene and safety, especially for
dental staff and manufacturers.

In this study, a Legionella monitoring program was
applied for the first time in an extended Dental clinic
complex, in several dental unit departments, with
maintenance and disinfection programs implemented
during the pandemic and lockdown.

The novelty of this study and the results obtained,
are firstly due to separately collecting and analysing
several sampling points in DUWLs: dental hand-
pieces, water bottles and cup filler. This approach
might seem in contrast with the Italian guidelines
recommendations, which require collecting a volume
of 200 mL from each handpiece and mixing it with
samples collected from a cup filler to reach a total
volume of 1L.

This proposed strategy does not permit to accu-
rately identify the critical points present in the
DUWLs and check compliance with the disinfection
and maintenance program applied.

Of the 30 DUWLs monitored, almost half of them
showed a high presence of both contaminants. These
findings are in line with data already reported on
Legionella and P. aeruginosa contamination in
DUWLSs [4,5,51].

In accordance with other studies on water distri-
bution systems, the water input resulted free from
contaminants compared to the water output [56].
Our experience suggests that even though the
Legionella surveillance and control program was fre-
quently applied in DUWLs, contamination control is
often not achieved for several reasons.

Considering the water supply system, this study
confirms the results obtained by [57], showing that
the DUWL supplied by a double feed system, water
bottle and municipal water represents a high risk
for patient and dental staff [57]. In addition, some
new risk factors were discovered during the study:
first, the temperature of water, which was higher in
Type B than in the other DUWL types, with values
over the reference value (<20°C) [58]. Probably the
low water flow caused by the narrowness of the
pipes combined with the activation of the DUWLs
electrical components (e.g. pressure and flow sen-
sors) promote a water temperature increase of over
20-25°C, favoring microbiological proliferation
[26,59].

We believe that the source of contamination in
type B DUWLs could be explained by also consider-
ing several mechanical-functional factors. These
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Table 2. Comparison of contaminations of both Legionella and P. aeruginosa during the monitoring time. The values in bold

indicate the statistically significant differences.

Mean contamination + SE
(Median (Interquartile range (IQR)))

Contamination comparison between monitoring time:
percentage reduction and
p value (Mann-Whitney test)

Monitoring time T0 T T2 TOvs T1 T1vs T2 TO vs T2
Legionella spp. 608.33£253.33 208.33+131.11 <100 —59.54% —100% —100%
(cfu/L) (150(0,1250)) (0(0,275)) (0(0,0) p = 0224 p = 0.015 p <0.001
Lp1 491.67+258.33 183.33+131.91 <100 —42.53% —100% —100%
(cfu/L) (0(0,925)) (0(0,175)) (0(0,0) p = 0.595 p = 0.033 p = 0.015
L. anisa 116.67+67.23 25.00+25.00 <100 —90.63% —100% —100%
(cfu/Ll) (0(0,200)) (0(0,0)) (0(0,0) p = 0.166 p = 0317 p = 0.033
P. aeruginosa 44.42+13.25 33.08+14.11 0.08+0.08 —43.29% —99.75% —99.86%
(cfu/100mL) (32(0,100)) (0(0,99.25)) (0(0,0)) p = 0371 p =0.103 p = 0.006

dental chairs are supplied by a switch system that
permits the water feed change. When the water bottle
is empty, the switch button changes the water flow
that is supplied by municipal water to the DUWLs.
This means that it is possible to continuously change
the DUWL environment, therefore the microorgan-
isms, during this time, may be delivered from the
external environment to the DUWLSs, increasing bio-
film formation. These findings could also explain the
presence of Legionella and P. aeruginosa contamina-
tion found in the cordon handpieces, even if they
were sterilized each day. The absence of Legionella
and P. aeruginosa in the municipal water input ana-
lysed could support the hypothesis that, in the
DUWLs, the bacterial microflora is inside and
attached to the pipelines, as biofilm components.

The water bottles are not autoclavable due to their
plastic material composition, and often if not fully
used, they are not emptied and directly filled with
water the next day. Therefore, the disinfection proto-
col applied is based on good cleaning procedures,
using detergent.

Moreover, in the Type B DUWLs, the main con-
tamination was present in the cup filler, and the swab
samples performed in this tract of the pipelines
showed a higher presence of biofilm. While the con-
tamination found in the handpieces is easy to
remove, after ordinary sanification protocols, it
disappears.

The high contamination found was linked to the
exclusion of this tract of pipelines from automatic
and manual disinfection treatments provided in
these DUWLs. The water bottle filled with deminer-
alized water plus hydrogen peroxide solution (3% v/
v), used for ordinary procedures, is connected only to
the handpiece pipelines; therefore, the disinfection
procedure does not involve the cup filler and the
spittoon. The cup filler and spittoon water line are
sanitized only during the ordinary sanification proto-
col applied by manufacturer’s staff that occurs occa-
sionally.  Additionally, inspections and
interviews with workers showed how these two lines
are not flushed.

visual

Our data showed how even though the ordinary
sanification protocol is able to control general con-
tamination, with effect on L. anisa (T1 monitoring),
the presence of biofilm is associated with an observed
lower reduction in Lpl and P. aeruginosa, that remain
in the cup filler pipelines.

During the extraordinary sanification, the high con-
centration of disinfectant in the DUWLS, and especially
the increase in contact time between disinfectant and
pipelines from 10 to 20 min, followed by rinsing and
high flow into the pipeline of the cup filler, provides an
effective reduction in contamination (T2). In line with
previous studies, Legionella, as well as other bacteria
during shock treatment, are able to become free living
planktonic cells, with a release in the water or aerosol,
becoming detectable in the water sample [60-63].

The increase in rinsing and flushing, combined with
disinfection and component replacement (e.g. whole
parts of cup filler pipelines, cordons and the retro-flux
valves), leads to a complete removal of both
contaminants.

The analysis of swab samples on filter pressure
reducers, located under the dental chair, strictly
after water input, confirms the role of this component
in biofilm growth. Indeed, neither of them have been
changed from the Type B DUWLs date of installation
and the dental staff did not know of their existence.

The absence of contamination in Type A and Type
C DUWLSs could be explained considering their main
characteristics. Type A is directly fed by the mains
municipal water and the absence of a water bottle,
means that there is no limit on the water volume or
time used during the flushing. Type C did not show
contamination due to the presence of water supply
directly from autoclavable bottles, without the possi-
bility of switching to the mains municipal water.
Moreover, they are supplied by a continuous disin-
fection system, which through the water bottle feeds
all the DUWL components, including the spittoon,
handpieces and cup filler. These DUWLs do not show
contamination still to this day. The low number of
these types of DUWLs involved in the study cannot
influence the results obtained, as they are also in line



with previous analyses performed on other dental
chairs [57], and represent the real equipment present
in the Dental complex.

The evaluation of microbiological contamination
of DUWLs carried out in this study indicates how a
low adherence to good practices contributes to lower
water quality, as has been widely demonstrated by a
recent  meta-analysis study  performed by
Khajedzadeh et al. [32]. Moreover, the presence of
the ST 59, an ST with low prevalence in Italy, as well
as in the other countries (ESGLI database), shows
how the DUWL’s environment is critical for its char-
acteristics, requiring more attention, especially during
the sampling stage.

The distribution of ST's in the environment, as well
as in man-made water distribution systems, needs to
be investigated considering the selective pressure
induced by climate change, environmental stress
and disinfection treatments [64]. These risk factors
can induce resistance to routine antibiotics treat-
ments. This becomes even more important in light
of the absence of a standardized method to determine
the antibiotic sensitivity of Legionella [65].

The limitation of this work is the lack of long-
itudinal sampling for monitoring the maintenance of
water quality in the Dental complex. This was due to
the need to quickly reopen the complex for care and
clinical practices, and to the high cost of DUWL
maintenance. We are planning to test the proposed
new disinfection protocols and maintenance strate-
gies implemented on a set of dental chairs (chosen ad
hoc) in order to better investigate the microbial con-
tamination found and implement further procedures.

Conclusions

Until now the dental unit environment was relatively
unknown, and a lot of work needs to be done to
combine the functionality, performance and health
of dental staff and patients. Therefore, DUWL con-
tamination can change in relation to the dental unit
characteristics, not only in terms of water supply and
good practices but also in relation to DUWL
mechano-functional components (e.g. filters, valves
and flow sensors).

The ‘take-home messages’ are as follows:

e Replace the filter pressure reducers under the
dental chair at least every 6 months;

e Increase the daily flushing activity for compo-
nents that are excluded by automatic flushing
and disinfection systems;

e Choose DUWLs with water bottles that are able
to reach the cup filler and spittoon as well, in
order to avoid dead pipeline creation;

e Replace the parts of pipelines that are degraded
and obstructed by biofilm or with low flow;
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e Perform a microbial investigation collecting
samples from handpieces, cup filler and water
bottle, separately, to better understand the ori-
gin of contamination, assuring that all these
components are linked to the main disinfection
system. This activity should be performed at
least every 6 months.

These findings suggest that to preserve the DUWL
water quality and ensure their health and safety for
patients and operators, all DUWLs need to be better
understood and investigated. A multidisciplinary and
integrative approach among manufacturers, dental
staff and public health institutions needs to be
promoted.
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