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Abstract: The aim of this study was to compare the efficacy of using a
dishwasher or different chemical agents, including 0.12% chlorhexidine
gluconate, 2% sodium hypochlorite (NaOCl), a mouthrinse containing
essential oils and alcohol, and 50% white vinegar, for toothbrush
disinfection. Sixty volunteers were divided into five experimental
groups and one control group (n = 10). Participants brushed their teeth
using toothbrushes with standard bristles, and they disinfected the
toothbrushes according to instructed methods. Bacterial contamination
of the toothbrushes was compared between the experimental groups
and the control group. Data were analyzed by Kruskal–Wallis and
Duncan’s multiple range tests, with 95% confidence intervals for
multiple comparisons. Bacterial contamination of toothbrushes from
individuals in the experimental groups differed from those in the
control group (p < 0.05). The most effective method for elimination of
all tested bacterial species was 50% white vinegar, followed in order
by 2% NaOCl, mouthrinse containing essential oils and alcohol, 0.12%
chlorhexidine gluconate, dishwasher use, and tap water (control).
The results of this study show that the most effective method for
disinfecting toothbrushes was submersion in 50% white vinegar, which
is cost-effective, easy to access, and appropriate for household use.
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Introduction
Many bacteria are found in toothbrushes after brushing. These
microorganisms can remain viable for a day to a week after brushing.1
Contaminated toothbrushes may play an important role in many oral and
systemic diseases, including septicemia and gastrointestinal, cardiovascular,
respiratory, and renal problems.2 Toothbrushes can become contaminated
from the oral cavity, environment, hands, aerosol contamination, and
storage containers.3 Toothbrushes are frequently stored in the bathroom
or close to the toilet and sink. As a result, they may be exposed to enteric
bacteria dispersed by aerosols.4 Even small droplets from the toilet lead
to the release of millions of bacteria into the atmosphere.5
Patients with oral diseases experienced a decrease of symptoms when
they changed their toothbrushes during the disease.6 The American
Dental Association (ADA) recommends changing toothbrushes once
every 3 months.7 Previous studies suggested that patients with systemic
diseases or undergoing organ transplantation or chemotherapy should
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change their toothbrushes more frequently. 6,7,8
The ADA suggests soaking used toothbrushes in
antimicrobial mouthrinses for patients in high-risk
groups.7 Information about the use and handling
of toothbrushes can be found in guidelines of the
Centers for Disease Control (CDC).9 These guidelines
suggest that people who are immunosuppressed
may need to seek alternative means of oral hygiene,
because toothbrushes can remain contaminated with
potentially pathogenic organisms even after thorough
rinsing with tap water. The CDC has proposed an
especially high risk of cross-contamination in group
and school settings, perhaps because of a lack of
proper handling or storage of toothbrushes.
Different methods for toothbrush disinfection
have been investigated. However, this issue has
received little attention from many researchers
because most clinicians only consider toothbrushes
from the perspective of their role in caries and
plaque prevention.5 Furthermore, although some
laboratory studies related to toothbrush disinfection
have been carried out,10,11,12,13,14 few such studies have
been performed with volunteers.15,16,17 Therefore,
the aim of this study was to compare the efficacy
of using a dishwasher or different chemical agents,
including 0.12% chlorhexidine gluconate, 2% sodium
hypochlorite (NaOCl), a mouthrinse containing
essential oils and alcohol and 50% white vinegar, for
bacterial disinfection of toothbrushes.

Methodology
This study was approved by the Institutional Ethics
Committee of Gazi University Faculty of Medicine
(20.01.2014-No:45). All participants provided written
informed consent before enrollment. The study

included 60 volunteers who had at least 24 caries-free
teeth, a healthy gingiva, and no systemic or oral
mucosal diseases. Participants were excluded if they
were pregnant or lactating, smokers, or had used
any antibiotic within the last 3 months. Participants
were divided into five experimental groups and one
control group (n = 10, Table 1).
Each participant was provided a toothbrush
(Colgate Micro Sensitive, Colgate Palmolive
Company, Ankara, Turkey) with standard bristles,
a vented custom container, and a container of
toothpaste (Colgate Total, Colgate Palmolive
Company) (Table 1).2,15 Disposable sterile pouches
were provided for the transport of toothbrushes to
the laboratory. Participants in the dishwasher group
(Table 1) were provided dishwasher detergent (Finish
Powerball, Reckitt Benckiser, Istanbul, Turkey) to
ensure standardization.
Participants were instructed to brush their teeth
twice a day (morning and night) for 7 days and to
disinfect their toothbrushes with suggested methods.
After brushing, participants in the chemical agent
groups were instructed to rinse their toothbrushes
under tap water, place their toothbrushes in 50 mL
of chemical agent in a sterile container, and again
rinse their toothbrushes under tap water (Table 1).
Participants in the dishwasher group were instructed
to wash their toothbrushes in the dishwasher with the
given detergent at 70°C under the normal cleaning
cycle once a day. Participants in the control group
were instructed to wash their toothbrushes under
tap water after brushing their teeth.
All participants were expected to store their
toothbrushes in the provided vented custom
container, which allowed air circulation while

Table 1. The methods of disinfection examined in this study.
Groups

Methods

Time (minutes)

Group 1

Toothbrushes were disinfected with 50% white vinegar (Attun Ltd., Antakya, Turkey)

10

Group 2

Toothbrushes were disinfected with 0.12% chlorhexidine gluconate (Klorheks, Drogsan Pharmaceuticals, Ankara, Turkey)

10

Group 3

Toothbrushes were disinfected with 2% NaOCl (Tipkimsan Ltd., Istanbul, Turkey)

10

Group 4

Toothbrushes were disinfected with dishwasher (Arcelik Ltd., Istanbul, Turkey)

10

Group 5 Toothbrushes were disinfected with essential oils and alcohol (Listerine, Johnson & Johnson Healthcare Products, Istanbul, Turkey)

20

Group 6
(control)

1

2

Toothbrushes were washed with tap water
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avoiding external contamination. Toothbrushes
were to be dried at room temperature for 4 hours,
simulating the interval between toothbrushing
sessions. 2,15 After 7 days, participants returned
their toothbrushes to the researchers (AB, CS) in
the vented custom containers, which were placed in
disposable sterile plastic pouches. The toothbrushes
were sent to the laboratory immediately.
Bacterial contamination of toothbrushes after 7 days
of use was compared between toothbrushes from
individuals in experimental groups and in the control
group. To measure contamination, toothbrushes were
immersed and incubated in tubes containing 5 mL
of phosphate-buffered saline solution (PBS, pH 7.2)
at 37°C under anaerobic conditions for 48 hours.
After vortexing rigorously for 1 minute, all tubes
were diluted to 10-2 and 10-3. Next, 25-μl aliquots of
the specimens were seeded onto BHI agar (Merck,
Darmstadt, Germany) for isolation of Staphylococcus
aureus and Escherichia coli, TYC agar (Merck) for
Streptococcus mutans, and MRS agar (Merck) for
Lactobacillus rhamnosus. Specimens were incubated
as mentioned above, and the grown colonies were
counted. The number of colonies was calculated
according to the dilution ratio and defined as the
number of colony forming units (cfu) per milliliter.
Data were statistically analyzed by using the SPSS
software package for Windows (version 15.0; SPSS
Inc., Chicago, USA). Means, standard deviations,
and medians for data of each microorganism after
disinfection with different methods were calculated
with descriptive statistics and analyzed by the
Kruskal–Wallis test. Duncan’s multiple range test

was performed to compare the effectiveness of the
methods. A p-value of 0.05 was considered as the
level of significance.

Results
Statistically significant differences were found
between the experimental groups and the control
group for the numbers of S. mutans and E. coli bacteria
(Table 2). There were no statistically significant
differences between the experimental groups and
the control group in terms of L. rhamnosus or S. aureus
bacteria (Table 2). A statistically significant difference
was found between the experimental groups and
the control group regardless of the type of bacteria
(Table 3). The most effective method was 50% white
vinegar, followed by 2% NaOCl, Listerine, 0.12%
chlorhexidine gluconate, dishwashing, and tap water
(control), respectively, when considering the numbers
of all types of bacteria (Table 4).

Discussion
I n t he present st udy, di f ferent chem ica l
antimicrobial agents and dishwashers were used
for toothbrush disinfection due to their accessibility,
cost-effectiveness, and potential antibacterial effects.
The study was performed by volunteers to simulate
the natural conditions of daily life.
NaOCl is widely used as a root canal irrigant in
endodontics because of its broad antimicrobial activity.
The cytotoxic properties of 2-2.5% NaOCl do not
appear during short-term exposure, and no genotoxic
effect has been found for host tissues.18 Mobin et al.10
investigated fungal contamination in toothbrushes

Table 2. The results of Kruskal Wallis test according to each bacteria.
Tested bacteria
Groups

L.rhamnosus
Mean ± Standard
deviation

Group 1

0.00 ± 0.00

Group 2

250.00 ± 634.65

S.mutans

S.aureus

E.coli

Kruskal
Mean ± Standard Kruskal
Mean ± Standard Kruskal
p-value
p-value
p-value
wallis
deviation
wallis
deviation
wallis
10.687 0.058

0.00 ± 0.00

19.060 0.002*

0.00 ± 0.00

50.00 ± 158.11
400.00 ± 658.28

5.842 0.322

Mean ± Standard
deviation

Kruskal
p-value
wallis

0.00 ± 0.00

16.186 0.006*

200.00 ± 632.46

Group 3 556.00 ± 1.758.23

0.00 ± 0.00

50.00 ± 158.11

0.00 ± 0.00

Group 4 1.476.00 ± 1.881.13

600.00 ± 1.264.91

710.00 ± 1.781.67

127.000.00 ± 389.809.36

Group 5 3.200.00 ± 5.593.65

0.00 ± 0.00

0.00 ± 0.00

0.00 ± 0.00

Group 6 783.60 ± 1.763.74

634.00 ± 953.50

1.080.00 ± 2.015.94

230.068.00 ± 711.937.29

*Difference is statistically significant at the 95% confidence interval.
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Table 3. The results of Kruskal Wallis test performed regardless
of the type of the bacteria.
Groups

Mean±Standard deviation

Kruskal wallis

p-value

Group 1

12.50 ± 39.53

25.301

0.000*

Group 2

212.50 ± 243.31

Group 3

151.50 ± 436.93

Group 4

32.446.50 ± 97.392.86

Group 5

800.00 ± 1.398.41

Group 6

58.141.40 ± 178.248.83

*Difference is statistically significant at the 95% confidence interval.

Table 4. Efficacy of all tested methods according to Duncan’s
multiple range test.
Subset for alpha = 0.05

Order of
Duncan’s

Methods

1

Group 1

12.5000

2

Group 3

151.5000

3

Group 5

212.5000

4

Group 2

800.0000

5

Group 4

32.446.5000

6

Group 6

58.141.4000

Sig.

0.177

1

and suggested that submersion in 2% NaOCl for
3-5 minutes is an effective and low-cost method to
disinfect a toothbrush. Silva et al.19 investigated the
effectiveness of different solutions for disinfecting
acrylic resin specimens contaminated with Candida
albicans, S. mutans, S. aureus, E. coli, and Bacillus subtilis.
They found 1% NaOCl to be the best antimicrobial
agent against the tested microorganisms.20 This result
was supported by Salvia et al.20 Similarly, in this study,
2% NaOCl significantly reduced the counts of all tested
microorganisms and virtually eradicated S. mutans
and E. coli. This chemical agent was the second-most
effective method against all tested bacteria. This result
is in accordance with previous studies.
Although white vinegar is not commonly used
for disinfection in dentistry, this solution is preferred
as a promising alternative disinfectant in several
areas.21 There are a few studies on the use of white
vinegar in dentistry. White vinegar has frequently
been used at 50% and 100% concentrations to disinfect
toothbrushes and acrylic resins.19,20 Silva et al.19 reported
that 100% white vinegar has good antimicrobial
activity against C. albicans and S. aureus for acrylic
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resins. This result was supported by Salvia et al.,20 who
remarked that this agent is as effective as 1% NaOCl
and 2% chlorhexidine gluconate against C. albicans,
E. coli, and S. mutans. In contrast, Komiyama et al.11
found 50% white vinegar to be effective in toothbrush
disinfection for S. aureus, S. mutans, and Streptococcus
pyogenes, but not C. albicans. In the present study, use
of 50% white vinegar for 10 minutes was the most
effective method against all bacteria.
The bacteriostatic and bactericidic effects of
mouthwashes containing essential oils are well-known.
Their antiplanktonic effect is better than their
antibiofilm activity, and these mouthwashes could
be considered as a good choice for the prevention
of systemic bacterial dissemination.22 Mouthwashes
containing essential oils and alcohol, such as Listerine,
have the best antibiofilm activity and could be
used to prevent plaque formation after periodontal
treatment. 23,24 Previous studies25,26 reported that
Listerine could reduce the number of oral bacteria
significantly. 26 Belanger-Giguere et al. 25 used
Listerine for 20 minutes to disinfect toothbrushes
and reported that its effectiveness was lower than
that of mouthwashes with chlorhexidine. In contrast,
the present study found Listerine to be more effective
than chlorhexidine. Furthermore, Listerine was the
third-most effective chemical agent against all tested
bacteria, after 50% white vinegar and 2% NaOCl.
Belanger-Giguere et al.25 suggested dishwasher
use for toothbrush disinfection. In their study, using
the dishwasher under the normal cycle at a high
temperature was a significantly effective method
against S. mutans. In this study, the dishwasher was
chosen for testing due to its easy accessibility and
cost effectiveness. To ensure standard conditions, the
same type of detergent was given to all participants,
who were instructed on how to use the dishwasher. In
contrast with the previous study, this paper found the
dishwasher to be the least effective method. However,
the study of Belanger-Giguere et al.25 was an in vitro
study and used a single type of dishwasher, whereas
the present study was performed with volunteers
and, probably, different types of dishwashers. The
discrepancy of results between the studies may be
related to these differences.
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This study was performed by volunteers, and the
study design was intended to simulate the natural
conditions of daily life. However, in vitro circumstances
generally are more standardized than natural life and
are controllable by researchers. The use of volunteers
may be considered a limitation of the study, especially
because different dishwasher brands were used
by participants in the dishwasher group. To our
knowledge, the present study is the second report
of using a dishwasher for toothbrush disinfection.
Further studies should test the efficacy of dishwasher
use for toothbrush disinfection. Previous papers13,25
have studied the efficacy of different toothbrush
disinfection methods against S. mutans, S. aureus, and
E. coli. However, to our knowledge, the influence of
the toothbrush disinfection method for L. rhamnosus
has not been studied, except for our previous in
vitro study.21 This is the first study in the literature
performed by volunteer subjects for L. rhamnosus.

Conclusion
All of the methods tested, including antimicrobial
chemical agents and dishwasher use, were effective
to reduce the bacterial counts of S. mutans, S. aureus,
E. coli, and L. rhamnosus in toothbrushes. However,
the most effective method for all tested bacteria was
50% white vinegar, which is cost-effective, easy to
access, and appropriate for household use. Further
studies determining all of the effects of white vinegar,
including its biocompatibility or toxicity, may increase
clinicians’ awareness about its antimicrobial capacity.
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