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Background:

The aim of the current study was to investigate bacterial colonization of the dental
unit waterlines (DUWLS) in Umm Al-Qura University’s Dental Teaching Hospital
in Makkah, Saudi Arabia.

Methods:

Eight dental units were selected to collect 48 water samples from DUWIs, two sam-
ples from each water outlet of the dental unit (handpiece, air-water syringe, and cup-
filler water). Each sample (300 ml) was treated with sodium thiosulfate (10 mg /100
ml) and then were filtered using 0.2 pum synthetic filter paper. The filter was then
placed on 5% blood agar and incubated for 48 hours at 37 oC incubator.

Results:

The average number of heterotrophic plate count (HPC) bacteria in the water sam-
ples collected from the output of the 8 DUWLs was 57.79 colony-forming unit
(CFU) per 300 ml water sample (0.19 CFU/ml). There were no statistically signifi-
cant differences among CFU among the air/water syringe, the high-speed handpiece
cooling water, or the cup filler water (p = 0.791). These findings were -within the
acceptable limit according to Egyptian standards for drinking and domestic use of

water.

Conclusion:

The current study has shown the level of CFU in DUWLSs is acceptable in the dental
care unit water system at Umm Al-Qura University’s dental teaching hospital.

1. INTRODUCTION

The water quality in dental units is of considerable im-
portance because patients and dental staff are regularly
exposed to the water and aerosol generated by the dental
unit (Szymanska, 2007). Air scalers, dental handpieces,
and ultrasonic scalers are supplied by the unit’s water,
like most instruments, which also irrigates and cools the
tooth surface during dental treatment (Abdouchakour et
al., 2015). Additionally, water is provided to the dental
unit cup filler outlet patients use for oral washing and
the bow!l rinse outlet for rinsing the dental unit spittoon.
Therefore, dental unit waterlines (DUWLSs) comprise a
complex organisation of meters of narrow-bore plastic
tubing, mostly 2-3 mm inner diameter. In limited-bore
tubes, a thin immobile layer of fluid, named the hydro-

dynamic boundary layer, is located at the interface of
the lumen wall and the moving water (Abdouchakour et
al., 2015; Fan et al., 2021), a silver coating placed on the
luminal surface of commercial waterline tubing failed to
prevent biofilm growth, according to research (Lal et al.,
2016).

A routine check for microbial contamination in the den-
tal unit’s waterlines is performed to avoid enormous
microbial infections and recognize pathogenic bacteria’s
presence. Most microbial species depicted in massive
DUWLs infection are aerobic, Gram-negative, hetero-
trophic environmental species with minimum patho-
genicity  (Abdouchakour et al., 2015). Back-
contamination (the sucking back of biological fluids
from patients' oral cavities) has also been identified as a
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major source of DUWLs contamination (Costa et al.,
2015; Cristina et al., 2008). An anti-retraction device
can be installed with the handpiece to avoid backflow
from the oral cavity to the waterlines, but some docu-
mented evidence proved valve failures (Abdouchakour
etal., 2015).

Microorganisms can colonise the surfaces of water sup-
ply tubes, including DUW. The number of expected
microorganisms and patients' oral microflora contribute
significantly to the contamination of DUWLs
(Szymanska & Sitkowska, 2013).

Bacterial contamination of the output water from DU-
WLs is dangerous for patients and healthcare staff.
Many different types of bacteria, such as pseudomonas,
leptospira, legionella pneumophila, mycobacterium
spp., and staphylococcus spp., have been found to live
and grow in dental equipment, including amoebae spe-
cies (Barbeau & Buhler, 2001; Lin et al., 2011; Nikaeen
et al., 2009; Singh et al., 2003; Walker et al., 2000).
Several studies have shown that P. aeruginosa is one of
the most challenging pathogens to treat, and it is com-
monly found in DUWLs (De Oliveira et al., 2008;
James et al., 2015).

Pseudomonas aeruginosa is the commonest colonizer of
DUWLs. Al-Hiyasat et al. (Al-Hiyasat et al., 2007) re-
ported that pseudomonas aeruginosa was present in
higher counts (86.7%) in dental units at the start of the
day, where a reduction of 13.4% was observed after two
minutes of flushing and in the middle of the day. Pseu-
domonas aeruginosa can cause a broad range of severe
infections and strengthens the issue with its ability to
form biofilms. It is difficult to treat infections caused by
P. aeruginosa because the organism is naturally resistant
to many drugs and can also develop new resistance
mechanisms, such as the development of B-lactamases
and carbapenemases (Gawish et al., 2019). P. aeru-
ginosa has 12-to 100-fold lower outer membrane per-
meability to various compounds than Escherichia coli,
a feature central to its high intrinsic resistance to antimi-
crobials (Hancock & Brinkman, 2003).

P. aeruginosa has numerous porin families, including
the OmpA family's so-called structural porins, the
OmpW family's small porins (8 p-sheets) and the 18 f-
sheet larger diffusion porins. However, the TonB-
dependent receptors for the absorption of siderophores,
heme, and organic sulfur molecules are present in the
outer membrane with larger channels with 22 antiparal-
lel B-sheets. The 19 members of the OprD family called
Occ (outer membrane carboxylate channel) are divided
into two subfamilies. Phylogenetically, OccD is in-
volved in the uptake of essential amino acids, and OccK
is involved in the uptake of cyclic molecules that are
negatively charged (Chevalier et al., 2017). Regarding
the colonising nature of these bacteria, using various
types of continuous water disinfection systems proved
effective in treating contaminated DUWLs (Offner et
al., 2016).

Legionella species can be present in a variety of water

J. Umm Al-Qura Univ. Med. Sci., September 2023

systems, including cooling towers, spas, cisterns, and
showers (APHA et al., 1998; Bollin et al., 1985). After
isolating them from these water systems, standing water
in dental units has also been identified as a possible
source for this microorganism and its infection
(Ma’ayeh et al., 2008). Legionella species are pathogen-
ic microorganisms that can be spread by aerosols and
may cause pneumonia and Pontiac fever (APHA et al.,
1998). Legionella pneumophila is the most common
cause of Legionella pneumonia, with serogroups 1-6
most commonly associated with respiratory infections
(Edelstein, 1988).

There is no data or record regarding the bacterial colo-
nization of DUWLs in Umm Al-Qura University Dental
Teaching Hospital; therefore, we hypothesized that there
is no bacterial contamination in DUWLs. The aim of
this study is to investigate the bacterial colonization of
the dental units in Umm Al-Qura University’s dental
teaching hospital.

2. MATERIALS AND METHODS

2.1 Sample size determination

The sample size calculation was performed a using
software sample size calculator
(https://clinical.com/stats/samplesize.aspx). The ample
size was calculated based on the mean number of colo-
ny-forming unit (CFU) and the mean difference between
the number of CFU in drinking water and DUWLs de-
termined by a previous study (Abdouchakour et al.,
2015), with a standard error of 5% (p = 0.05) and a
power of 90% (0.9). The estimated sample size was 48.

2.2 Sample collection

A total of 48 water samples were collected from 8 ran-
domly selected dental care units of the Dental Teaching
Hospital, Umm Al-Qura University. Each dental unit
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. In contrast, the cup filler waterline was supplied by
tap water. Six samples (300 ml/sample) per unit were
collected; two samples were collected from the water
outlets of each high-speed handpiece cooling water, the
air/water syringe, and the cup filler water.

2.3 Bacterial isolation

Before filtering the samples, all samples were treated
with 10 mg of sodium thiosulfate per 100 ml to neutral-
ize the residual chlorine present in the water. Each sam-
ple (300 ml) was filtered using 0.2 pum polycarbonate
(PCTE) membrane filters (STERLITECH, USA). The
filters were placed on a Borosil® Filtration Assembly
with a 1L funnel (Foxx Life Sciences, USA) attached to
a vacuum suction unit (GIMA, Italy). The filters were
removed with sterile forceps, placed on 5% blood agar
plates, and incubated for 48 hours at 37 °C. After 48
hours, the plates were removed from the incubator, and
CFU were counted using a stereomicroscope under re-
flected light (Optika Microscopes). CFU is a unit used
in microbiology to estimate the number of viable bacte-
ria in a sample.
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2.4 Statistical analysis

The collected data was statistically analyzed using SPSS
software version 23, and the data was presented as mean
+ SD. A one-way ANOVA test was used for comparison
among the total microorganisms in the high-speed
handpiece cooling water, the air/water syringe, and the
cup filler water, p value less than 0.05 was considered
statistically significant.

3. RESULTS

Heterotrophic plate count (HPC) is widely used to
measure the heterotrophic microorganisms’ population
in drinking water. Due to the absence of specific stand-
ards regarding DUWLs in Umm Al-Qura University, the
acceptable limit for HPC bacteria in potable drinking
water (<50 CFU/mL) according to the Egyptian stand-
ards for drinking and domestic use water, has been used
as a guideline in this study (EWQS, 2007).

The average number of HPC bacteria in the water sam-
ples collected from the output of the 8 DUWLs was
57.79 CFU per 300 ml water sample (0.19 CFU/ml).
The mean CFU in cup filler water was 55.88 + 28.95,
the air/water syringe was 54.31 + 35.03, and the high-
speed handpiece cooling water was 63.19 *+ 50.03 (Ta-
ble 1).

Table 1: The average CFU of different water samples

CFU p
Sample (No) Mean = SD
Cup filler water (16) 55.88+28.95 | 0.791
Air/water syringe (16) | 54.31 £ 35.03
ngh-speed handpiece 63.19 + 50.03
cooling water (16)
Total (48) 57.79 + 38.38

CFU = Colony Forming Units, p= p value calculated by
one-way ANOVA test.

There were no statistically significant differences be-
tween CFU of the air/water syringe, the high-speed
handpiece cooling water and cup filler water (p =
0.791). CFU on 0.2 pum filter paper placed on blood agar
from different water samples were illustrated in figure 1.

Cup filler

3-way

Coupling
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Figure 1: CFU on 0.2 um filter paper placed on
blood agar. Water samples were collected from the
cup filler, 3-way, and coupling at the beginning of
the session.

4. DISCUSSION

Water contaminated with bacteria may pose a danger to
dentists and patients because of their exposure to water
and aerosols released from dental units. The present
study has shown that the average number of HPC bacte-
ria in the water samples collected from the output of the
8 DUWLs was 57.79 CFU per 300 ml water sample
(0.19 CFU/mI). These findings were found to be at the
acceptable limit according to Egyptian standards for
drinking water and domestic uses (EWQS, 2007), the
American Dental Association (ADA), and the Center for
Disease Control (Gerberding et al., 2003).

Egyptian standards for drinking and domestic use water
stated that the acceptable limit for HPC bacteria in pota-
ble drinking water is less than 50 CFU/mL (EWQS,
2007). However, the American Dental Association rec-
ommends that water from dental units should not have
more than 200 CFU/ml of bacteria, whereas the Center
for Disease Control (CDC) stated that the maximum
contamination of dentally treated water should be 500
CFU/ml (Gerberding et al., 2003).

Studies done in Goteborg, Sweden, and St. Gallen,
Switzerland, have shown that most DUWLs did not
have acceptable water quality (<100 CFU/ml and >300
CFU/mlI, respectively) (Barben et al., 2009; Dahlén et
al., 2009). Nikaeen et al. (Nikaeen et al., 2009) reported
that HPC levels significantly exceeded the acceptable
levels for DUWL water quality in both the air/water
syringe and the high-speed handpiece. A recent study in
Saudi Arabia (Alkhulaifi et al., 2020) reported signifi-
cant high levels of bacterial contamination in DUWLs
that were not disinfected, whereas the DUWLSs that were
disinfected with citric acid disinfectant showed no bac-
terial contamination.

Biofilms in DUWLs are one of the leading causes of
increased bacterial load (Franco et al., 2005). It has been
demonstrated that disinfectant exposure and flushing
reduce the viable count by 9.1% and biofilm saturation
by 0.5% (Agarwal et al., 2023; Fotedar & Ganju, 2015).
There is strong evidence to suggest that flushing is not
enough to enhance the water quality in dental treatment
(Ling et al., n.d.; Rice et al., 2006) and chemical disin-
fectants are recommended for removing biofilms from
DUWLs (Salam et al., 2017).

The DUWLs could be contaminated with microorgan-
isms from different sources, including water that is
shared by both domestic users and the dental profes-
sionals, patients' saliva sucked back into dental water
units due to retraction valve failure, the skin microflora
of dental staff, and free-living protozoan vectors such as
amoebae (Spagnolo et al., 2020). The growth of micro-
organisms and the formation of biofilm on the inner
surface of the pipes of DUWLs may be facilitated by the
environment inside the pipes of the dental unit.
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Tall et al. (Tall et al., 1995) have demonstrated multiple
layers of dimorphic microorganisms developed in the
lumen of dental air/water syringes over six months.
Many dental professionals are in danger of occupational
exposure to Legionella (Petti & Vitali, 2017). Legionel-
la antibodies in serological examinations have been dis-
covered to be more prevalent in dental workers than in
the general population, suggesting that dental aerosols
are a source of Legionella exposure (Fotos et al., 1985;
Reinthaler et al., 1988).

It has been reported that the longer the period of dental
practice, the higher the risk of such infections (Estrich et
al., 2017). Thus, a combination of preventative
measures is necessary to reduce the risk of infection in
dental care settings. It is equally crucial to keep track of
DUWL’s water quality and perform regular mainte-
nance on dental equipment. The effectiveness of these
preventative measures has been proven by several scien-
tific investigations, which have been cited by multiple
international organizations (Alkhulaifi et al., 2020;
Artini et al., 2008; Baudet et al., 2020; Costa et al.,
2017).

Precautions should be used in daily clinical practice to
reduce aerosol formation, such as high-velocity air
evacuation and air conditioning systems. Dental
healthcare professionals should try to keep their DU-
WLs at least as clean as the ADA standard of 200
CFU/ml of aerobic heterotrophs, or even superior. It has
been hard to meet this goal consistently, not only be-
cause there aren't any standards or laws, but also be-
cause dental unit manufacturers haven't been prompted
to address these concerns with engineering and design
changes and with technical instructions on DUWL dis-
infection. The current study was a single-center study,
and therefore the water quality estimated in the present
study cannot be generalized to other dental units in dif-
ferent centers in Saudi Arabia.

5. CONCLUSION AND RECOMMENDATION

The current study has shown the level of CFU in DU-
WLs is acceptable in the dental care unit water system at
Umm Al-Qura University’s dental teaching hospital. We
recommend monitoring the microbiological quality of
the water in DUWL and disinfecting it regularly.
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