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ABSTRACT

Background: It is known that dental unit waterline can be a source of infection.The aim of this
study was to evaluate the efficacy of a mouthwash, chlorhexidine, in controlling microbial and fungal
contamination of dental unit waterlines.

Materials and Methods: In the present experimental study, the water in high-speed handpieces
and air/water syringes of 35 dental units in a dental school was investigated microbiologically. Five of
the units and one tap water served as controls; | 00-200-mL water samples were collected aseptically
in sterile containers in the morning after a 2-min purge.VVater reservoir bottles were emptied and
50 mL of 0.2% chlorhexidine mouthwash was introduced into the tank. Then the water syringe
was used to flush the waterline until the pink-colored chlorhexidine was observed to flow from
the water syringe. Before the next day’s session and before the students used the unit, two water
samples from the water syringe and water turbine was collected. The samples were transferred
to the laboratory. After 48 h at 37°C, the microbial colonies were counted.The number of these
colonies was evaluated using colony forming unit CFU. Data were analyzed with Mann —Whitney
U test and SPSS 13.5 statistical program.The statistical significance was defined at P < 0.05.
Results: All 35 units were contaminated before chlorhexidine use;no contamination was detected
after adding chlorhexidine to the waterlines of the units.After week 1,28 of the 30 treated dental
unit waterlines (DUWLs) had values of CFU/mL less than 200.

Conclusion: The present study showed that the use of chlorhexidine could reduce microbial
counts in dental unit waterlines.
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INTRODUCTION

Infection control has been one of the controversial
issues in dentistry for several years and undoubtedly
dental professionals agree that studying infection
transmission routes has an important role in preventive
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methods and infection control.!l It is known that
dental unit waterline is one of the infection sources.
Water is used in almost all dental procedures. For
example, water is used as a coolant and temperature
controller in handpieces and high-speed or even
low-speed turbines, water syringes, or in scaling
procedures.>

Water is sprayed into the patient’s mouth and as it
is not sterile and is contaminated, it contains a large
number of micro-organisms. Moreover, aerosols are
created during dental procedures, and water laden with
micro-organisms is considered an infection risk factor
for both dental staff and patients with competent or
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compromised immune systems. Presence of Legionella
pneumophila antibodies with a high prevalence rate in
dental students in comparison with other students is
good evidence for this contamination.!>*

Bacterial infection in dental water system was
detected around 40 years ago. Although most studies
show more contamination in water samples from
dental schools, current research in the UK and USA
shows high contamination rates in dental offices,
too. Nowadays, with high-risk infections such as
HIV, HVB, and HVC, serious measures should be
applied to study the potential micro-organisms, and
solutions should be introduced to protect patients with
compromised immune systems, pregnant women, the
elderly, smokers, organ transplant patients, or patients
who receive chemotherapy and radiotherapy.!>©!

Despite serious efforts and studies, even in developed
countries, no final and clear-cut solution has been
introduced yet. Some researchers recommend use of
distilled water and some solvents such as hydrogen
peroxide and sodium hypochlorite. As mentioned
above, although several studies have been carried
out, prevention effectiveness is not clear. Level of
contamination is high and it seems dental practitioners
do not take this issue seriously.! 7]

Many studies have suggested treatment with various
disinfectant solutions, including hydrogen peroxide,"’
chlorhexidine gluconate,!'” sodium hypochlorite,!!
chlorine dioxide,[" povidone-iodine,!'*! Listerine
mouthwash,['  and electrochemically activated
water.”!  Meiller er al. showed that sodium
hypochlorite, Cavicide, glutaraldehyde, Listerine
Antiseptic, Peridex, and Sterilex Ultra are
potentially useful in the management of dental unit
waterline biofilm.!'®! These have been developed and
implemented in many dental practices with mixed
long-term results. Also, Kettering et al. showed that
using tap water alone or tap water with hydrogen
peroxide did not improve water quality in dental
units.'”? The effects of anti-microbial agents on
unit waterline contamination have not been studied
in international levels. Thus, it seems that it is
important to study the effects of disinfectants such
as chlorhexidine (used as a mouthwash by most
patients). Studies show that 0.2% chlorhexidine
has a significant antiseptic effect;!'®2% therefore, the
aim of this study was to evaluate the efficacy of a
mouthwash, chlorhexidine, in controlling microbial
and fungal contamination of dental unit waterlines.

MATERIALS AND METHODS

In this experimental study, 35 dental units that used
a self-contained water system were selected randomly
from the 97 units available in the Dental School of
Kerman University of Medical Sciences. Five of these
units were selected as controls in which no periodic
disinfection procedures were carried out. A tap water
source, too, was used as a study control.

A unit selection system using a closed water tank
was installed by the medical equipment technician.
The investigators collected a total of 35 water
samples for baseline measurements before the study
began, and 35 samples were collected once a week
for the next 5 weeks. The study went on during the
school weekdays.[”! Startup was initiated by treating
the dental unit waterlines (DUWLs) with 0.2%
chlorhexidine mouthwash for three consecutive
nights. Routine weekly treatment protocols were then
implemented as described below.

Waterlines were flushed for 30 s, and 10-mL samples
were subsequently collected from the air-water syringe
in sterile test tubes. Samples for microbial assays
were taken at a worst-case point immediately before
the chemical treatment.l”” Water reservoir bottles were
emptied and 50 mL of 0.2% chlorhexidine mouthwash
was introduced into the tank; according to research
results chlorhexidine has antibacterial effects in this
concentration.'®!>131 Chlorhexidine is easy to mix
and has the advantage of being pink, which enables
the operator to easily see that it is in the water tank,
which is evident in the effluent water.

Then the system was charged to clear the system
when the unit was flushed.[” Then the water syringe
was used to flush the waterline until the pink-colored
chlorhexidine was observed to flow from the water
syringe. Then chlorhexidine was maintained in the
units overnight. Before the next day’s session and
before the students used the unit, two water samples
from the water syringe and water turbine were
collected after 20 s of flushing and refilled with tap
water; the lines were flushed for 60 s.[”!

Samples were collected according to this method for
five consecutive weeks; finally, there were 20 samples
collected from each unit.

An external control was provided from the hand
washbasin taps adjacent to each unit, the water
supply of which was derived from the main water
supply. Water samples were prepared in completely
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sterile conditions and transferred to the microbiology
laboratory.”? In the laboratory, all the samples were
passed through 0.35% millipore filters. Then 1 mL
of each of the diluted samples was spread-plated on
medium S (Sabvrd) for mold growth and on blood agar,
SS (Salmonella, Shigella), EMB (Eosin methylene
blue) to grow aerobic bacteria; thioglycolate broth
was used for review and identification of anaerobic
species, including Actinomyces israelii. The samples
were placed at temperatures of 25°C and 37°C for
growth of fungi and bacteria, respectively, and to
ultimately determine bacterial and fungal species
and the number of colony forming units (CFUs).
CFU counts more than 200 were considered severe
contamination.’?!>! All the experimental procedures
in the present study were carried out by two dental
students. Finally, data were analyzed with Mann —
Whitney U test using SPSS 13.5(SPSS Inc., Chicago,
IL, USA). The statistical significance was defined at
P <0.05.

RESULTS

In this study, four samples were prepared from
each study unit at each week interval (two samples
before chlorhexidine use and two samples after its
incorporation). Therefore, from 30 study units in
each week interval, 120 samples were prepared and
at the end of week 5, 600 samples were taken and
from the control units 100 samples were prepared.
Based on research findings all the samples of high-
speed handpieces and air/water syringes (case and
control units) were contaminated before chlorhexidine
use. The following micro-organisms were the most
frequently occurring bacteria present in all the
operative sites: Staphylococcus aureus, Escherichia
coli, Klebsiella, Klarosporium, Pseudomonas,
Penicillium, and Candida albicans.

In this research, Pseudomonas aeruginosa was
detected in 27% of DUWL samples. The DUWL
water contaminated with this bacterial species showed
a significantly higher total number of bacteria in
comparison to DUWL free from it. There were
no significant differences between the levels of
contamination in the air/water syringes and high-
speed handpieces (P = 0.09). The concentration of
total bacteria isolated from one site was 134,056 CFU/
mL on the average; the minimum and maximum were
10,000 CFU/mL and 720,000 CFU/mL, respectively.
Table 1 shows that CFU counts varied considerably

at baseline, with the vast majority far exceeding
200 CFU/mL. After one week and incorporation of
chlorhexidine, however, the counts for only two of the
30 study units were above 200 CFU/mL (P = 0.0001),
and by week 4, all the units had counts well below
200 CFU/mL (P = 0.0001). Control units continued to
yield high concentrations of environmental organisms
throughout the 5 weeks of the study period. This
study showed no significant differences between the
control DUWLs (P = 0.124); however, significant
differences were observed between the disinfectant-
treated waterlines over the 5 weeks of the study
period (P = 0.001) [Table 2].

The numbers of bacterial and fungal contamination
cases before and after adding chlorhexidine are shown
in Tables 3 and 4.

DISCUSSION

Microbial control of DUWLs minimizes the risk of
exposure to potential pathogens and creates a safe
working environment for treatment of patients. Two
major sources of contamination are (1) oral microbial
flora in patients because of the suction and backflow
of patient saliva from the saliva ejector and possibility
of entering the water system, and (2) biofilm in
waterlines.['?4].

Determination of concentration and composition
of microflora in the unit waterlines is the basis for
evaluation of DUWL microbial contamination. In
1963, Blacke was the first to discuss DUWL microbial
contamination. "

In this research, P. aeruginosa was detected in 27% of
DUWL samples. There were no significant differences

Table 1: Average concentrations (CFU/mL) and
proportions of particular genera/species of
microorganisms in water samples from dental unit
reservoirs
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Genera of microorganisms CFU/mL
S. Aureus 65,023
E. coli 290,458
Klebsiella 428,321
Klarosporium 45,000
Penicillium 10,000
C. albicans 102,534
P. aeruginosa 720,000
Mean 237,333
Min 10,000
Max 720,000
£3
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Table 2: Reduction mean CFU/mL in DUWL based on treatment with chlorhexidine mouthwash

from week 1 to week 5

DUWL Mean CFU/mL

1 Baseline Week 1 Week 2 Week 3 Week 4 Week 5 *P-value
2 >100,000 4,578 0 0 0 0 0.0001**
3 >100,000 0 0 0 0 0 0.0001**
4 >100,000 0 0 0 0 0 0.0001**
5 45,281 0 0 0 0 0 0.0001**
6 (control) 24,158 32,145 24,581 41,258 32,568 32,541 0.258
7 >100,000 0 458 0 0 0 0.0001**
8 >100,000 0 0 0 0 0 0.0001**
9 78,452 0 0 0 0 0 0.0001**
10 >100000 0 0 0 0 0 0.0001**
11 12,586 0 0 0 0 0 0.0001**
12 (control) >100,000 21,453 21,002 21,000 19,863 19,526 0.129
13 >100,000 0 0 0 0 0 0.0001**
14 58,962 0 0 0 0 0 0.0001**
15 33,214 0 0 0 0 0 0.0001**
16 15,468 0 0 0 0 0 0.0001**
17 17,458 0 0 0 0 0 0.0001**
18 (control) 45,781 45,821 54,087 45,214 48,963 41,002 0.103
19 15,869 0 0 0 0 0 0.0001**
20 25,639 0 0 0 0 0 0.0001**
21 32,584 0 0 0 0 0 0.0001**
22 11,025 0 0 0 0 0 0.0001**
23 10,000 0 0 0 0 0 0.0001**
24 (control) >100,000 >100,000 >100,000 >100,000 >100,000 >100,000 0.9
25 45,210 458 112 0 0 0 0.0001**
26 >100,000 0 0 0 0 0 0.0001**
27 45,829 0 0 0 0 0 0.0001**
28 65,823 0 0 0 0 0 0.0001**
29 24,583 0 0 0 0 0 0.0001**
30 (control) >100,000 >100,000 >100,000 >100,000 >100,000 >100,000 0.85
31 >100,000 0 0 0 0 0 0.0001**
32 >100,000 0 0 0 0 0 0.0001**
33 78,596 0 0 0 0 0 0.0001**
34 98,635 0 0 0 0 0 0.0001**
35 74,521 0 0 0 0 0 0.0001**
Tap water 98 82 84 80 80 80 0.74

DUWL: Dental unit waterline; CFU/mL: Colony-forming units; *Mann — Whitney U test; **P value significant

between the levels of contamination in the air/water
syringes and high-speed handpieces. However, in
some studies bacterial counts of water samples
from high-speed handpieces had higher means in
comparison to air/water syringes.>*!

study showed that only a small percentage of the
total isolated bacterial species were of Strepfococcus
and Staphylococcus genera, which form the
physiological flora of the oral cavity.’®! They were
present in DUWL probably as a result of backflow
of fluids from patients’ oral cavities, and subsequent
multiplication in the unit reservoirs, which might be
a potential source of cross-infections. The presence

of Pseudomonas aeruginosa in DUWL has been
confirmed by some other studies.?’! It should
be noted that the bacterial genus of Pseudomonas
includes species that are potentially pathogenic for
immunocompromised individuals.

have been several attempts to reduce the microbial
contamination of dental unit waterlines, including
autoclaving of handpieces, handpiece replacement
between patients, flushing of the unit prior to use,
“anti-contamination” devices to prevent retrograde
aspiration of oral secretions into the waterline,
connection to a separate water supply, ultra-violet
radiation disinfection and the use of in-line water
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Table 3: The results of bacterial and fungal cultures
before adding chlorhexidine

Unit Study units Control units

microbial NS C+ C- NS C+ C-

species N % N % N % N %
Klebsiella 300 72 24 228 76 50 13 26 37 74
Klarosporium 300 45 15 255 85 50 8 16 42 84
Penicillium 300 52 17.3 248 80.7 50 8 16 42 84
C. albicans 300 16053.3 140 46.7 50 20 40 30 60
P. aeruginosa 300 162 54 138 46 50 23 46 27 54
S. aureus 300 117 39 183 61 50 11 22 39 78
E. coli 300 81 27 219 73 50 14 28 36 72

NS: Number of samples; C+: Positive culture; C—: Negative culture

Table 4: The results of bacterial and fungal culture
after adding chlorhexidine

Unit Study units Control units
microbial NS C+ C- NS C+  C-
species

N % N % N % N %
Klebsiella 300 2 0.7 208 99.3 50 10 20 40 80

Klarosporium 300 1 0.3 299 99.7 50 4 8 46 92

Penicillium 300 0 0O 300 100 50 20 40 30 60
C. albicans 300 0O 0O 300 100 50 30 60 20 40
P. aeruginosa 300 0 O 300 100 50 8 16 42 84
S. aureus 300 0O 0O 300 100 50 14 28 36 72
E. coli 300 0 0O 300 100 50 13 26 37 74

NS: Number of samples; C+: Positive culture; C—: Negative culture

filters. Many studies have suggested treatment with
various disinfectant solutions, including hydrogen
peroxide, glutaraldehyde, sodium hypochlorite,
chlorine  dioxide, povidoone—iodine, Listerine
mouthwash, Bilpron, and electrochemically activated
water. Studies have shown that these materials often
do not have proper performance or their effects are
temporary and insignificant. Meanwhile, a number
of expensive materials, on economic terms, are not
cost-effective. Some of these materials also have toxic
effects and might pose dangers or reactions in the
human mouth or corrosion; a decrease in enamel and
dentin bond strengths for adhesive restorative dental
materials has been reported for some disinfectants.
Flushing the handpiece is the most common and
safest procedure to lower bacterial counts.”)

Today, research on materials with minimal cytotoxic
effects and high efficacy to remove micro-organisms
is ongoing. In this study, chlorhexidine was able
to completely inhibit the growth of S. aureus,
Penicillium fungus, E. coli, P. aeruginosa and C.
albicans. Chlorhexidine is a chemical antiseptic,
which is effective on both Gram-positive and

Gram-negative bacteria. It is also useful against
fungi and enveloped viruses, though this has not
been extensively investigated. It is often used as an
active ingredient in mouthwashes designed to reduce
dental plaque and oral bacterial counts. It has been
shown to have an immediate bactericidal action and a
prolonged bacteriostatic effect due to adsorption onto
the pellicle-coated enamel surfaces.?*

This study showed that after 1 week and incorporation
of chlorhexidine, the counts for only 2 of the 30 study
units were above 200 CFU/mL, and by week 4, all
the units had counts well below 200 CFU/mL. Also,
this study proved the efficacy of chlorhexidine in
eradicating microbial contamination from dental
unit waterlines and in controlling bacterial counts of
several bacterial species. The dental units selected for
the purpose of this study were several years old and
had a significant degree of microbial contamination.
The units were located in a busy emergency clinic
within a dental educational center to closely simulate
usage patterns in a general dental facility.

Chlorhexidine gluconate, povidone iodine, sodium
hypochlorite, hydrogen peroxide have been employed
to variable effects to remove the biofilm and eliminate
the planktonic bacterial count. Liaqat and Sabri found
that, overall, combination of chlorhexidine with
povidone iodine was very effective in eliminating/
reducing the biofilm bacteria at 1000 ug/mL as
compared to other combinations."

Other studies assessed water samples from a hospital
dental clinic to determine whether a disinfectant/
coolant irrigant containing chlorhexidine affects
the presence of microbial organisms in dental unit
waterlines.®!! In addition, Kettering et al. and Epstein
et al. showed that after treatment of dental unit
water with disinfectant/coolant irrigants containing
chlorhexidine (Lines) no organisms were detected in
waterline discharge.!'”!)

CONCLUSION

This study showed that bacterial concentration in
dental unit reservoirs reaches excessive values,
with the bacterial flora composed of the bacteria
characteristic for water supply systems, opportunistic
pathogens, and the bacteria of the oral cavity
flora. Overall, in the 30 samples of high-speed
handpieces and air/water syringes bacterial and fungal
contamination was almost non-existent after adding
0.2% chlorhexidine. The results of the present study
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showed that chlorhexidine reduces microbial counts
in dental unit waterlines.
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