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Occurrence and biofilm forming ability of Pseudomonas aeruginosa in
the water output of dental unit waterlines in a dental center in

Alexandria, Egypt
Sheref Gawish"”, Aleya Abbass’, Amani Abaza’

Abstract

Introduction Dental unit waterlines (DUWLs) are notorious for being contaminated with different
bacterial species including the opportunistic pathogen Psecudomonas aeruginosa which poses a risk to
patients and professionals. This work aimed at studying the occurrence and biofilm-forming ability
(BFA) of P. aeruginosa in the output of DUWLs in a dental center in Egypt.

Methods Water samples were collected from the outlets of the high-speed hand piece, the air/water
syringe and the cup filler waterlines. Bacteriological analysis included heterotrophic plate count (HPC),
isolation and identification of P. aeruginosa and determination of the antimicrobial susceptibility and
the BFA of the isolates by tissue culture plate (TCP) method and tube method (TM).

Results The average concentration of HPC bacteria in the output of the 3 DUWLs was 2.9x10*
CFU/mL where 88.3% of the samples exceeded the Egyptian standards for drinking water (<50
CFU/mL). P. aeruginosa was isolated from nine cup filler samples (which had a water source different
from the other waterlines). The isolates were sensitive to all tested antimicrobials. Of these nine isolates,
6, 5 and 4 were positive for BFA by TCP, modified TCP and TM, respectively.

Conclusions More stringent measures are required to ensure safer dental water; as the majority of
studied samples exceeded the required HPC bacterial limit and P. aeruginosa isolates were detected. P.
aeruginosa isolates from DUWLs may not be as resistant to antibiotics as what is reported in the
literature about clinical isolates. Some P, aeruginosa isolates can colonize DUWLs despite their inability
to form biofilms in experimental testing.

Keywords Pseudomonas aeruginosa, dental unit waterlines, biofilm.

Introduction from DUW.Ls, including legionellae,
Contamination of output water from dental staphylococci, Pseudomonas aeruginosa and fungi.”’
unit waterlines (DUWLs) with bacteria is The Gram-negative bacterium P. aeruginosa is a
hazardous for both patients and healthcare common colonizer of DUWLs. It is a major
personnel. Environmental species represent the healthcare-associated pathogen that can cause a
largest source of microbial contaminants found wide spectrum of severe infections and its ability
in DUWL output water. Certain environmental to form biofilms enhances the problem.* Biofilm
species are of concern as they can start biofilm formation by P. aeruginosa involves the
formation and provide protection to more intercellular communication quorum-sensing
pathogenic species. In addition, different (QS) system. QS is a population density-
opportunistic pathogens have also been isolated dependent system through which bacteria
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regulate different biological activities such as
plasmid conjugation and bioluminescence. P.
aeruginosa has three well-defined QS systems, las,
rhl and PQS that control the production of
different virulence factors. In P. aeruginosa, QS is
involved in both the initiation and maturation of
biofilm, where the las system is especially
important during the late stages of biofilm
development.’ Infections caused by P. aeruginosa
are hard to treat because the organism is
intrinsically resistant to many drugs and can also
acquire new mechanisms of resistance, such as
the  production  of  [Blactamases  and
carbapenemases that hydrolyze most B- lactams.®

This work aimed at studying the occurrence of
P. aeruginosa in the water output of DUWLs in a
dental center in Alexandria, Egypt. It included
the isolation and identification of P. aeruginosa
followed by testing the biofilm-forming ability
(BFA) and the antimicrobial susceptibility
patterns of the isolates. In addition, the level of
contamination of the studied water samples with
heterotrophic plate count (HPC) bacteria, and
the effect of clinical activity on such level, was
also evaluated.

Methods

This study was carried out during a 5-month
period from November 2016 to March 2017 on
a total of 147 water samples randomly collected
from seven dental clinics at a governmental
dental center in Alexandria, Egypt. The minimal
sample size was calculated based on a previously
reported frequency of isolation of P. aeruginosa
from DUWLs of 6%.” By using a power of 80%
(B=20%) to detect the prevalence of P. aeruginosa
in DUWLs, precision 5% and a=0.05
(significance level 95%), the minimal required
sample size was found to be 87 samples. When
the anticipated prevalence was increased to 10%,
the minimal required sample size became 140.
This sample size was calculated using Epi-Info
software version 7.1.5.2. The study was approved
by the Ethics Committee at the High Institute of
Public Health (HIPH), Alexandria University.

Dental units

Twenty DUs were used for this study. They
were distributed over seven clinics as follows:
five units from each of the clinics of pediatric
dentistry and conservative treatment, and two
units from each of the clinics of oral surgery,
periodontics, implants, fixed prosthodontics and
minor operations. Each DU received a dual
water supply, where the high-speed handpiece
and the air/water syringe waterlines were
supplied by a refillable water reservoir attached
to the unit, while the cup filler waterline was
supplied by tap water. Contamination control
procedures applied in the dental center where
the study was conducted included the use of
fresh distilled water to fill the water reservoirs
every morning. Moreover, at the end of the
clinic hours, the reservoir in each DU was
emptied and kept in an inverted position until
the next morning to ensure dryness. Every day,
the DUWLs were flushed for 2 minutes before
receiving the first patient and for 30 seconds
between treatment sessions. Disinfection of the
water reservoir, and the waterlines it supplied,
was performed weekly using a hypochlorite
solution. The treatment room had an air
conditioning system. The average temperature
was about 20°C.

Sampling

One hundred and forty samples, 120 mL
each, were collected from the 20 DUS so that
seven samples were collected from each DU, as
follows:
(@) In the morning before receiving the first
patient (To): (four samples); one sample was
collected from the outlets of each of the high-
speed handpiece, the air/water syringe and the
cup filler waterlines. One sample was also
collected from the water reservoir attached to
the unit.
(b) At midday while the DU was in use (T)):
(three samples); one sample was collected from
the outlets of each of the high-speed handpiece,
the air/water syringe and the cup filler
waterlines.

In addition to these 140 samples, one water
sample was collected from the tap adjacent to
the DUs in each of the seven clinics. These
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seven tap water samples, 120 mL each, were used
to assess the water quality before entering the
cup filler waterline.

Water samples were aseptically collected in
sterile wide-mouthed ground glass stoppered
bottles. Before sample collection, and to
neutralize the effect of any residual chlorine, a
few drops of sodium thiosulphate solution, to a
final concentration of 160 mg/L, were added to
each bottle followed by sterilization. All samples
were  transferred  immediately to  the
microbiology laboratory at HIPH, Alexandria
University, in an ice box and processed within
one to four hours of collection.

Heterotrophic plate count (HPC)

The standard pour plate method was used.
Water samples were subjected to serial 10-fold
dilutions using sterile peptone water, and one
mL of each sample and/or the appropriate
dilutions (10" to 10%) were dispensed into sterile
Petri dishes. A volume of 15 mL of sterile
molten plate count agar at approximately 45°C
was aseptically poured into each plate. The agar
was mixed with the sample aliquots and then
allowed to set and solidify. The plates were
inverted; and incubated at 37°C aerobically for
48 hours. Plates showing 30-300 colonies were
counted.

Isolation and identification of P. aeruginosa

Water samples (100 mL) were filtered using a
0.45-um nitro-cellulose membrane filter, which
was aseptically removed with a sterile forceps
and plated directly on cetrimide agar plates. The
plates were incubated for 48 hours at 37°C. All
blue-green colonies were purified by subculture
on Mueller Hinton agar (MHA) plates for
further identification. Isolates that were Gram
negative bacilli, positive for oxidase, produced
alkaline reaction indicated by pink, red or
purple color in acetamide agar slants and
produced alkaline/no change reaction with no
hydrogen sulphide and no gas on triple sugar
iron (TSI) agar slants were considered as P.
aeruginosa.

Antimicrobial susceptibility testing

The identified P. aeruginosa isolates were
screened for their antimicrobial susceptibility
using single disc diffusion method described by
Bauer et al.® The antibiotics used included
piperacillin, piperacillin/tazobactam,
ticarcillin/clavulanate, ceftazidime, cefepime,
aztreonam, imipenem, meropenem, colistin,
polymyxin B, gentamicin, tobramycin, amikacin,
and ciprofloxacin. Susceptibility was interpreted
as susceptible, intermediate and resistant
according to the Clinical and Laboratory
Standards Institute (CLSI; 2016) tables.

Tube method for detection of BFA

The BFA of the P. aeruginosa isolates was
detected using modified adherence assay
according to Neeliet et al.” An overnight culture
of P. aeruginosa was suspended in 3 mL
phosphate-buffered saline (PBS), absorbance
being equal to one-McFarland; 150 pL of this
suspension was inoculated into three mL of
trypticase soy broth with 1% glucose (TSB,,) in a
glass test tube. Tubes containing only TSBy,
were introduced as negative controls. After 48h
of incubation at 37°C, the culture was aspirated
and the tube was washed with PBS. The biofilm
layer on the wall of the test tube was fixed by air-
drying and then stained with 3 mL of 0.1%
crystal violet for 20 min. Excess stain was
removed and the tubes were washed with
distilled water, allowed to dry in an inverted
position and examined for biofilm production.
Biofilm formation was deemed positive when a
visible film lined the sides and bottom of each
tube, the amount of biofilm was visually scored
as O-absent, 1-weak, 2-moderate and 3-strong.

Microtiter plate (MTP) method for
detection of BFA

The P. aeruginosa isolates were also tested for
their ability to form biofilm by the MTP method
according to Stepanovi¢ et al.'® with some
modifications. A single colony isolated from an
overnight culture on MHA plates was inoculated
in three mL of TSB,, and incubated for 24
hours at 37°C in stationary conditions. The
cultures were adjusted to a turbidity of 0.5-
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McFarland standards using PBS and diluted 1 in
100 with fresh medium. Individual wells of
sterile, 96 well MTP were filled with 200 pL of
the diluted cultures; negative control wells
contained uninoculated sterile broth only. After
incubation (24 h at 37°C), the contents of each
well were removed by gentle tapping and the
wells were washed three times with 300 pL of
sterile PBS.

The plates were drained in an inverted
position. The biofilms formed by bacteria
adherent to the wells were heatfixed by exposure
to hot air at 60°C for 60 minutes and then
stained with 150 pL crystal violet (2% w/v) for
15 min. Excess stain was removed by using
running tap water and the plates were kept for
drying. For the modified MTP procedures, an
additional extraction step was performed by
adding 150 pL of 95% ethanol to each stained
well and the plates were incubated for 30
minutes at room temperature to resolubilize and
extract the dye bound to the adherent cells.

The optical density (OD) of each well was
obtained with a microplate ELISA reader
(Dialab ELX800G, Vienna, Austria) at wave
length 630 nm. The reading was performed
twice: (i) before addition of ethanol, as in the
standard MTP test and (ii) after ethanol was
added. The experiment was performed in
triplicates and repeated three times and the
results were averaged. The cut-off OD (ODc) was
calculated as three standard deviations above the
mean OD of the negative control. The isolates
were classified as follows:

- OD < ODc - non-biofilm former
- ODc < OD <2 x ODc - weak biofilm former
- 2x0ODc <OD £4 x ODc - moderate biofilm

maker

- 4 x ODc < OD - strong biofilm former

Statistical analysis was performed using [BM
SPSS software package version 20.0. (IBM Corp,
Armonk, NY, USA). The statistical calculations
included descriptive statistics, x> test, Kruskal
Wallis test, Wilcoxon signed ranks test and
Mann Whitney test. P <0.05 was considered
significant.

Results

Heterotrophic plate count (HPC)

The values of contamination of water samples
from the different sampling sites with HPC
bacteria are shown in Table 1. Due to the
absence of specific standards regarding DUWL
water in Egypt, the acceptable limit for HPC
bacteria in potable drinking water (<50
CFU/mL)" has been used as a guideline. The
average concentration of HPC bacteria in the
water samples collected from the output of the 3
DUWLs was 2.9 x 10* + 7.5 x 10* CFU/mL
where only 14 (11.7%) of the samples
conformed to the Egyptian standards.

The reservoir was found to harbor a higher
mean value of HPC bacteria than tap water
(p=0.002). The high-speed handpiece and the
air/water syringe waterlines were both supplied
by the water reservoir, but the mean HPC values
for the air/water syringe samples were lower
than the high-speed handpiece samples although
the difference was not statistically significant
(p=0.915).

Water samples collected from the output of
the DUWLs were found to be more
contaminated than the water sources that
supplied them; the samples obtained from the
output of the high-speed handpiece and the
air/water  syringe waterlines were more
contaminated, although non-significantly, than
the reservoir water samples (p=0.262 and 0.227,
respectively). The cup filler waterline output
samples, however, were significantly more
contaminated than the tap water samples
(p<0.001).

For the three waterlines, there was a decrease
in the mean value of HPC in the midday (T,)
samples as compared to the samples collected at
the beginning of work (Ty) (Figure 1). The
decrease was found to be statistically significant
in case of the high-speed handpiece and the
air/water syringe waterlines (p=0.002, 0.009,
respectively), but not in case of the cup filler
waterline samples (p=0.108). The water samples
from the clinics of the different specialties
showed significantly different percentages of
acceptability in relation to the Egyptian HPC
standard for drinking water (p=0.002; Figure 2).
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Table 1. Concentration of HPC bacteria in the 147 examined water samples according to water

source
Examined Samples below
Sample source HPC (CFU/mL) threshold value
samples (147) o
No. %
< 10
Mean = SD 12;‘_2.2 x1?04
Reservoir 20 Median 525 4 20.0
IQR 26772.3
(Q1-Q3) (52.8-26825)
Source water 14 %10
Mean = SD L 11x10
Tap water 7 Median 38 7 100.0
IQR 13
(Q1-Q3) (29-42)
45x10*
High- Mean£SD 1 65100
speed 40 Median 2700 2 5.0
handpiece IQR 49187.5
(Q1-Q3) (62.5 -49250)
4
Mean + SD 3.8 %10 4
Air/water £7.5x10
. 40 Median 2450 6 15.0
SYHnge IQR 372275
Output water from (Q1-Q3) (72.5 - 37300)
DUWLs 2.9 x10°
Mean £ SD £ 6.5 % 10°
Cup filler 40 Median 865 6 15.0
IQR 1677.5
(Q1-Q3) (350 - 2027.5)
2.9 x 10*
Toral 120 M:j“df-” oo 7i?4:5104
edian 14 117
DUWLs IQR 11861.8
(Q1-Q3) (88.3 - 11950)

CFU - colony-forming unit; DUWL - dental unit waterlines; HPC - heterotrophic plate count; IQR -
interquartile range; SD - standard deviation.

Isolation and identification of P. aeruginosa

P. aeruginosa was isolated from only nine
samples, which represent 6.1% of the total 147
examined samples and 7.5% of the 120 DUWL
samples. All of the 9 samples were from the
output of the cup filler waterline, representing
22.5% of the samples collected from this source.
The water samples collected from the clinics of
the minor operations, oral surgery and implants
did not yield any P. aeruginosa isolates. The 9
contaminated samples were distributed over the
clinics of the remaining 4 specialties. (Table 2).

The level of contamination of any single
water sample with HPC bacteria showed no
correlation with the possibility of isolating P.
aeruginosa from this sample (p value for Mann-

Whitney test = 0.401).

Antimicrobial susceptibility testing

The results of the antibiotic susceptibility
tests showed that the 9 P. aeruginosa isolates were
sensitive to all of the used antibiotics.
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Table 2. Distribution of the 147 examined water samples from the different specialties according to
their acceptability regarding P. aeruginosa

P. aeruginosa

Examined Acceptable Unacceptable o
Clinic specialty water (P. aeruginosa  (P. aeruginosa ~ X* df FEp OR 95% Cl
samples ' ’ (LL - UL)
(147) absent) present)
No. %  No. %
Minor operations 15 15 100 0 0.0 1.089 1 0.599 - -
Oral surgery 15 15 100 O 0.0 1.089 1 0.599 - -
Implants 15 15 100 0 00 1.089 1 0.599 . -
Fixed prosthodontics 15 14 933 1 6.7 0009 1 1.000 0.705 0.08-6.09
Conservative treatment 36 33 917 3 83 0405 1 0.689 0.909 0.21-3.87
Pediatric dentistry 36 33 917 3 83 0405 1 0.689 0.909 0.21-3.87
Periodontics 15 13 86.7 2 133 1511 1 0.230 1.758 0.33-941

%% p - x* and p values for Chi square test

FEy — p value for Fisher’s Exact for Chi square test

CI - confidence interval; df - degrees of freedom; LL - lower limit; OR - odds ratio; UL - upper limit.

Table 3. BFA of the 9 identified P. aeruginosa isolates as determined by the standard MTP method,
the modified MTP method and the TM

The standard MTP method | The modified MTP method The tube method
Negative 3 Negative 4 Negative 5
BFA Weak 3 Weak 2 Weak 3
Positive 6 Moderate O | Positive 5 Moderate 3 | Positive 4 Moderate 1
Strong 3 Strong 0 Strong 0

BFA - biofilm forming ability; MTP - microtiter plate; TM - tube method

Biofilm forming ability testing

The number of strains that showed positive
BFA by the different detection methods is
shown in Table 3. The three methods did not
differ significantly as detectors of biofilm
formation M“p=0.885). The pairwise
comparisons of the three methods did not reveal
any significant  differences  either. The
classification of the biofilm-producing strains
into weak, moderate and strong varied
insignificantly among the three methods.

Discussion

Dentists, like other healthcare professionals,
are ethically obliged to provide patients with a
safe and clean clinical environment including the
water supplied by DUs. This piece of work has
confirmed the results of eatlier research,”'* which
reported that the microbiological quality of water
emerging from DUs did not conform to the

accepted guidelines for potable water. In the
present study, 88.3% of the examined DUWL

output water samples failed to meet the Egyptian
standards for HPC bacteria.

The tap water samples examined in this study
showed a significantly lower HPC as compared to
the reservoir samples (p=0.002). High levels of
contamination of DU reservoirs were previously
reported.”"? Reservoirs are manually filled with
water and may become contaminated with skin
flora such as staphylococci.” In addition, the
growth of biofilm on their internal surfaces can
cause rapid deterioration in the microbiological
quality of the water.’

Previous research has demonstrated that
bacterial counts differed among the DUWLs
supplying different dental instruments.” In the
current study, the high-speed handpiece water
samples showed a higher level of contamination
than those from the air/water syringe, but the
difference was not statistically significant. This
seems to be consistent with the results obtained
by other authors,""* who attributed the higher
contamination of high-speed handpiece to their
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Figure 1. Mean values of HPC bacteria of the 120 examined water samples from DUWLs in relation
to the collection time

P-value for comparing the mean counts of HPC bacteria at To and Ti= 0.002, 0.009 and 0.108 for the high-speed

handpiece, the air/water syringe and the cup filler waterlines respectively.

CFU - colony-forming unit; DUWLs - dental unit waterlines; HPC - heterotrophic plate count; To - at the

beginning of the working day; T; - at midday.

Percentage of acceptability

s

Specialty

Figure 2. Distribution of the 147 examined water samples from the different specialties according to
their acceptability regarding HPC

less frequent use compared to the air/water
syringe.

In accordance with the results reported by
Turetgen et al.,” the current study found that
DUWLs output water was more contaminated
than the source water. Some researchers”'? have
attributed the higher level of contamination in
the output water compared to the inlet water to
the release of bacteria from biofilms lining the

DUWLs; an explanation that can apply to the
results of the current study too. The decrease in
the mean HPC wvalues after clinical activity
observed in this study has also been previously
reported;'®!” it can be attributed to the continued
flushing of the waterlines during and between
treatment sessions which can decrease the count
in the midday samples.
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Changes in the level of HPC contamination
in the studied samples have occurred as water
moved from the sources to the outlets and also as
time passed from the morning to midday. Careful
consideration of the significance of these changes
in the individual waterlines suggested that the
cup filler waterline was more likely colonized by a
heavier and better established biofilm than the
other two studied waterlines. This can be
explained by the less frequent use of this
waterline during the dental procedures.

Total absence/100 mL of P. aeruginosa from
water used for routine dental treatment is
recommended by the European Council directive
98/83. In the present study, P. aeruginosa was
isolated from 7.5% (nine out of 120) of the
DUWL output samples. All of the nine positive
samples were from the cup filler waterline output
water. The presence of P. aeruginosa in the output
water of the cup filler waterline while being
absent from tap water samples collected during
the study means that the biofilm in the cup filler
waterline has been seeded with the organism at a
previous time when the tap water quality dropped
for any reason. Wang et al.'® depicted P.
aeruginosa as one of the opportunistic pathogens
of plumbing systems and pointed out that it can
be part of the native drinking water microbiota
where it represents a major challenge to standard
drinking water monitoring practices because it
violates the paradigm of traditional fecal
indicator bacteria. Given the fact that P.
aeruginosa can persist in water systems over
prolonged periods and that the waterlines
involved in the current study have not been
replaced since the time of installation of the DUs
in 2006, it is likely that the cup filler waterlines
have been colonized by P. aeruginosa at an earlier
time.

It is noteworthy that the level of
contamination of the water samples with HPC
bacteria and the isolation of P. aeruginosa from
these samples showed no correlation. On the
contrary, the observed changes in the level of
HPC contamination of water samples can be
considered as a good predictor of the presence of
P. aeruginosa. As previously discussed, analyzing
these changes has marked the cup filler waterline

as the most contaminated waterline; which
agreed with the finding that this same waterline
was the only one from which P. aeruginosa was
isolated. This is consistent with the trend in some
countries where maximum HPC values are being
increasingly replaced by a guideline stating that
‘no abnormal change (NAC)’ should be detected,
although guidelines are not clear on how NAC is
defined."”

The water samples collected from the clinics
of the different specialties showed varying degrees
of contamination with HPC bacteria and P.
aeruginosa. Szymanska and Sitkowska® reported
that the level of contamination of DUWLs may
be related to the kind of procedures performed in
dental offices and depends also on the degree of
using the handpieces.

P. aeruginosa displays high intrinsic resistance
to a wide variety of antibiotics, largely because of
the low permeability of its outer membrane,
which limits the rate of penetration of antibiotic
molecules into the «cells. In addition, the
organism can develop acquired resistance
through mutations or through the horizontal
transfer of genetic resistance determinants.”' In
the current study, however, the nine P. aeruginosa
isolates were found to be sensitive to all of the
tested antibiotics. The high sensitivity of
environmental isolates of P. aeruginosa, compared
to clinical isolates, was reported in a number of
studies. These differences were attributed to the
excessive use of antibiotics.”**’

Biofilm formation is essential for the
establishment of P. aeruginosa infections on host
tissues and for the colonization of medical
devices.” Results of the present study showed that
not all of the 9 P. aeruginosa isolates recovered
from the DUWL samples were capable of biofilm
formation; the percentage of positive biofilm
formers differed non-significantly from one
method of detection to the other. The inability of
some P. aeruginosa isolates from DUWTLs to form
biofilms has also been reported by Ouellet et al.**
The presence of P. aeruginosa isolates in DUWL
output water despite the failure of some of them
to produce biofilm in the different biofilm
detection experiments can be explained by the
fact that P. aeruginosa is capable of joining already

www.germs.ro ® GERMS 9(2) ¢ June 2019 ¢ page 78



Pseudomonas aeruginosa in dental waterlines - Gawish et al.  Original article

existing biofilms furnished by other species.” In
the current study, no statistically significant
differences were found among, or in-between, the
three biofilm detection methods regarding their
ability to detect and classify biofilm production
by the nine P. aeruginosa isolates.

A limitation of the present study was using
only conventional biochemical methods for the
identification of P. aeruginosa isolates (Gram
stain, oxidase test and triple sugar iron agar
slants) and not using other nonconventional
methods as BBL Crystal Enteric/Non-Fermenter
ID Kit or MALDI-TOF MS, or VITEK 2 system
for the identification and confirmation of P.
aeruginosa isolates, as this was not feasible during
the study period.

Conclusions

According to the Egyptian standards, the
majority of studied water samples exceeded the
allowed limit for HPC bacteria and more efforts
should be dedicated to controlling this
contamination. The changes in the level of HPC
bacterial contamination in DUWL water can
serve as an indicator for the presence of P.
aeruginosa. P. aeruginosa isolates from DUWLs
may not be as resistant to antibiotics as what is
reported in the literature about isolates from
clinical specimens. Some P. aeruginosa isolates
can colonize DUWLs despite their inability to
form biofilms in experimental testing.
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