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Abstract

Objective: This study aimed to study the antimicrobial efficacy of sanitization of toothbrushes using: Ultraviolet (UV) light sani-
tizer, domestic microwave oven (MO), 0.2% chlorhexidine gluconate (CHX) and to estimate the microbial contamination of
toothbrushes when stored: inside the bathroom and outside the bathroom.

Materials and Methods: The toothbrushes were divided into two groups: Group | (n=45) stored inside the bathroom and
Group Il (n=45) stored outside the bathroom. Group | and Group Il was further sub divided into three groups and then subject-
ed to different sanitization methods: Ultraviolet light sanitizer, domestic microwave oven, and 0.2% chlorhexidine gluconate.

Results: Contamination is found to be less in the brushes kept outside the bathroom as compared to brushes kept inside the
bathroom and most effective method for sanitization of toothbrushes is microwave irradiation followed by UV rays and then
chlorhexidine gluconate solution.

Conclusion: Toothbrushes should always be stored outside the bathroom so that they are out of the aerosol range and proper
storage & disinfection of the toothbrush is as important as brushing your teeth for a healthy and germ-free life.
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unlimited diversity of microorganisms in the oral cav-
ity during the first day of life, such as Streptococcus,
Neisseria, Staphylococcus, Candida, Lactobacillus,
Veillonella and coliforms.[1] However, mutans strep-

Introduction

The oral cavity is considered to be free of microorgan-
isms at birth, because the fetus develops in sterile con-

ditions.[1-3] During birth and immediately thereafter
the neonate contacts the microbial inhabitants of the
immediate environment and there is a great increase
in the number of detectable microorganisms in the
oral cavity in about 8 hours after the birth. There is an

tococci, is present only after the eruption of first tooth
in the oral cavity because it establishes on hard surfac-
es.[4,5] According to the literature, the main source of
mutans streptococci is the mother,[6,7] or other family
members.[8] Day-care centers present a potential risk
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for infection among children. Spread can occur
through direct (saliva) or indirect communication.[7]
Spread through Indirect means can happen through
fomites, such as spoons,[9] cups, toys or soiled tooth-
brushes.[7,10]

Sumerians practiced oral hygiene in early 3000 BC;
Chinese were the earliest people to use chewable sticks
which were made up of roots or branches of the plant
for cleaning the teeth. Bristled toothbrush emerged
about year 1600 AD. For keeping the oral hygiene good
toothbrush is one of the most commonly used method.
Today, the market is saturated with various brand names
of toothbrushes, oral rinses and toothpastes each alleg-
ing superiority over the other. But little do we pay atten-
tion that despite cleaning the teeth, the brush could be
possibly contaminating them.[11]

Toothbrushes could serve as a means of transmis-
sion of pathogenic microorganisms via gingival lesions
in patients who are supposed to undergo organ trans-
plantation or whose immunity is depressed.[12] Under
normal storage conditions, toothbrushes can be respon-
sible for spread or reinfection of diseases such as herpes
or periodontopathogenic microbes and coliforms from
bathroom environment. Glass found that certain viruses
like herpes simplex virus — 1 can remain viable for at
least 48 h on a dried toothbrush and for 1 day in humid
conditions.[12].

To prevent or minimize the chances of infection or
re-infection numerous ways are available like
Microwave, ultraviolet rays and antimicrobial solutions
(Chemicals: chlorhexidine, cetylpyridinium chloride,
Listerine and several dentifrices; natural agents: garlic
and tea tree oil extracts)[13,14] However, no systematic
review is available which can be an effective interven-
tion for sanitization. Thus, the present investigation was
designed to study the antimicrobial efficacy of sanitiza-
tion of toothbrushes using: ultraviolet light sanitizer,
domestic microwave oven, 0.2% chlorhexidine gluco-
nate and to estimate the microbial contamination of
toothbrushes when stored: Inside the bathroom and
Outside the bathroom.

Materials and Methods

Sample size
This study has followed the CRIS guidelines for in-vitro
studies as discussed in the 2014 concept note.

A prior sample size was calculated using G power
software (version 3.0).

The toothbrushes were obtained from subjects aged
18-21 years studying in a private dental college. The
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study subjects, the microbiologist, and the statistician
were blinded.

Participants

Participants were fully explained about the study ver-
bally and through patient information sheet and written
informed consent was obtained.

Ethical considerations
Institutional ethical clearance was obtained prior carry-
ing out the study. (Letter No SRCDSR/ACAD/2019/9910)

Inclusion criteria

+ Subjects in good general health

« Having DMFT score=0

+ Brushing=twice a day & maintain their normal rou-
tine.

Exclusion criteria

« Clinical evidence - gross caries or periodontal dis-
ease

o Any systemic disease

+ Using any antibiotics, mouthwashes, chewing gums,
tobacco

« Any dental treatment, including orthodontic treat-
ment or with extensive intraoral prosthesis

Data collection

The toothbrushes were divided into two groups: Group
I (n=45) stored inside the bathroom and Group II
(n=45) stored outside the bathroom. Group I and Group
IT was further sub divided into three groups and then
subjected to different sanitization methods: ultraviolet
light sanitizer, domestic microwave oven and, 0.2%
chlorhexidine gluconate.

Procedure

Step 1: Before distribution, new toothbrushes were
checked for the presence of any contamination by
immersing the Brush Heads in liquid nutrient broth
solution for 24 hours (Fig. 1). After 24 hrs it was seen
that solution was clear and transparent, which means no
turbidity was found (Fig. 2). For confirmation, the lig-
uid broth was transferred on the surface of solid nutri-
ent agar. No bacterial growth was observed, which
Indicates that new toothbrushes were free of any con-
tamination (Fig. 3).

Step 2: Toothbrushes were distributed to subjects in
both the groups with reinforcement of instructions (Fig.
4). After a week toothbrush were collected from the
participants and subjected to microbial analysis.
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Figure 1. Unused brush heads immersed in liquid nutrient broth

solution

Figure 2. Clear and transparent solution indicating no turbidity

Step 3: All the toothbrushes were immersed in lig-
uid nutrient broth (Fig. 5) and kept in the incubator for
24 hours (Fig. 6). Turbidity was observed in nutrient
broth indicating contamination of used toothbrushes
(Fig. 7). For confirmation nutrient broth was trans-
ferred on the surface of the solid nutrient agar and kept

Figure 5. Toothbrushes immersed in liquid nutrient broth
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Figure 6. Toothbrushes kept in incubator

Figure 7. Turbidity was observed

in incubator for 24 hours (Fig. 8). After 24 hours, bacte-
rial growth was appreciated and the CFU’s were counted
(Fig. 9).

Step 4: After counting the CFU’s, the brushes were
properly washed with distilled water, dried and then
subjected to three different sterilization procedures.

UV toothbrush sanitizer (PureOne, Pure One Labs
Pvt. Ltd. Jammu Tawi, India); Used as per manufactur-
er’s instructions i.e the UV lamp automatically turns off

Figure 8. Nutrient broth was transferred on the surface of the solid
nutrient agar and kept in incubator

after 10 — 20 minutes indicating that the bactericidal
process is completed (Fig. 10).

Microwave Oven (2450 MHz, LG Home appliances)
The brush was subjected to its maximum setting for 5
minutes (Fig. 11).

Chlorhexidine gluconate solution (0.2%) - Brush
was immersed for 12 hours in the mouthwash solution
without its dilution (Fig. 12).

Step 4: After sterilization, CFU’s were obtained and
counted using the same procedure as was done previ-
ously (Fig. 13).

Statistical analysis

The data was collected and entered in the excel sheet
using Microsoft Excel Software and was transferred to
statistical package for social sciences (SPSS) version 21
(IBM corp. Statistical Package for Social Sciences for
Windows, Armonk, NY, USA) for analysis. It was sub-
jected to descriptive statistics for calculation of mean,
standard deviation, absolute and relative frequencies.
Categorical variables were compared using Chi square
test. The level of significance was set at 0.05%.

Figure 9. Bacterial growth was appreciated and the CFU’s were counted
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Figure 11. Toothbrushes kept in microwave oven

Figure 12. Toothbrushes immersed in chlorhexidine gluconate
solution (CHX) (0.2%)

Microwave irradiation is an effective means of steril-

ization compared to UV radiation followed by chlorhex-

Results idine gluconate solution (0.2%) (Table 1 and 2). Inside
the bathroom, significant reduction was seen in CFU
Unused toothbrushes when cultured resulted in nega-  when treated with UV, microwave radiation or CHX.

tive culture which means that new toothbrushes were =~ Maximum reduction in CFU postintervention were

free of any contamination (Fig. 3).

seen in microwave group followed by UV and CHX

Table 1. Contamination load in terms of CFU inside the bathroom

Mean n Std. Deviation | Std. Error Mean | Mean difference SD P value
uv
Pre 496733.333 15 845731.5909 218366.9578
496731.4000 845730.5713 0.039
Post 1.933 15 1.5796 0.4079
MO
Pre 443060.000 15 616811.6439 159260.0816
443058.7333 616812.3729 0.015
Post 1.267 15 2.0517 0.5297
CHX
Pre 164213.333 15 74319.0984 19189.1087
164207.0000 74317.8466 0.0001
Post 6.333 15 5.0521 1.3044
P value 0.001
Microwave>UV>CHX

UV: Ultraviolet, MO: Microwave oven, CHX: Chlorhexidine gluconate
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Table 2. Contamination load in terms of CFU outside the bathroom

Mean n Std. Deviation | Std. Error Mean | Mean difference SD P value
uv
Pre 470606.667 15 757353.5865 195547.8552 470602.0667 757352.0276 0.030
Post 4.600 15 3.7947 0.9798
MO
Pre 99506.667 15 55809.9641 14410.0708 99506.1333 55809.3504 0.0001
Post 0.533 15 .8338 0.2153
CHX
Pre 48766.667 15 25346.9262 6544.5482 48763.8000 25344.2222 0.0001
Post 2.867 15 4.7789 1.2339
P value <0.001
Microwave>UV>CHX
UV: Ultraviolet, MO: Microwave oven, CHX: Chlorhexidine gluconate, SD: Standard deviation
Table 3. Comparison of difference in CFU from pre to post
Group n Mean Std. Deviation | Std. Error Mean
Difference in CFU from pre to post Inside 45 367999.0444 610019.17694 90936.28981
Outside 45 206290.6667 468894.25036 69898.62787
P value 0.162 NS

Figure 13. CFU’s were counted

(Table 1). Outside the bathroom, significant reduction
were seen in CFU when treated with UV, microwave
radiation or CHX. Maximum reduction in CFU pos-
tintervention were seen in Microwave group followed
by UV and CHX (Table 2).

Contamination is found to be less in the brushes
kept outside the bathroom as compared to toothbrushes
kept inside the bathroom (Table 3). Though microbial
contamination was found to be lesser when tooth
brushes were kept outside the bathroom but it failed to
reach the level of statistical significance as p>0.05.

Discussion

As practising clinicians, utmost care must be taken for
daily sterilization and disinfection procedures of our

instruments and workplace. However, we usually show
negligence to disinfect the one that is used every day to
clean our mouth, that is, toothbrush. Accumulation of
microorganisms on toothbrushes has received little
attention.[15] The reason might be that toothbrushes
are considered only as a device to prevent plaque forma-
tion and hence caries by removing debris and food par-
ticles between the teeth. There are several sources of
microbes, which were seen on toothbrushes and these
microorganisms on a toothbrush may be a mirror image
of microorganisms in the oral cavity of the user.[16]
Mutans streptococci, the main etiological agent of the
dental caries, can also be transferred by toothbrushes,
intra- or inter-individual, thereby increasing the occur-
rence of dental caries, especially in children.[17] For the
endurance or existence of bacteria the conditions in
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which the toothbrushes are stored are considered to be
an important factor. Dayoub et al[18] and Meier et
al[19] reported that the number of microbes on the
toothbrushes kept in aerated conditions was lower than
in toothbrushes stored in plastic bags. Several authors
have reported that microbial contamination can be low-
ered down by washing toothbrushes after use, and dry-
ing in aerated conditions.[17,20-22] Caudry et al[23]
reported that a humid surroundings increases microbial
growth and cross infection. Therefore, bacterial growth
tends to increase in the toothbrushes as the time period
between one toothbrushing and another increases,
when stored in a wet/moisture environment.[17]

To minimize the number of microbes on the bris-
tles several investigators have suggested the need for
toothbrush disinfection, using approaches such as
UV-radiation, microwave oven, boiling water[24] and
chemical agents such as Listerine Plax,[23] and
Cepacol.[19,23] Caudry et al[23] suggested that
immersing the toothbrush in Listerine, for 20 min is
an effective method of disinfection. Meier et al [19]
used cetylpyridinium chloride spray over the bristles
and 100% reduction of S. epidermidis and 94% for
Candida albicans was seen.

The present investigation was designed to study the
antimicrobial efficacy of of sanitization of toothbrushes
using: ultraviolet light sanitizer, domestic microwave
oven, 0.2% chlorhexidine gluconate and to estimate the
microbial contamination of toothbrushes when stored:
inside the bathroom and outside the bathroom. It was
found that Contamination is less in the brushes kept
outside the bathroom as compared to brushes kept
inside the bathroom. Possible reason can be bacteria
present in the aerosol created from toilet flushing, reach
brushes and contaminate them. These findings are simi-
lar to a study done by Elly et al[25] where they conclud-
ed that toothbrushes should be kept outside of bath-
rooms, so that they are out of aerosol range.

In our study it was also found that most effective
method for sanitization of toothbrushes is microwave
irradiation followed by UV rays and then chlorhexidine
gluconate solution. These results were in accordance
with a study done by Gujjari et al[26] where they found
that microwave irradiation is an effective means of ster-
ilization when compared to UV radiation as in micro-
wave irradiation thermal effect on cellular content of
microorganisms results in rupture of cell membrane
and leakage of nucleic acid & protein from cells leading
to cell death or cell lysis. Chibebe et al[27] reported that
exposure to microwave irradiation at 2450 MHz results
in bacterial inactivation.

However, UV radiation damages DNA and disrupts
chemical bond between the atoms of DNA but longer
exposure is required for the inactivation of microorgan-
isms. Arrage et al[28] and Speert et al[29] concluded
that longer exposure to UV light is necessary to ensure a
complete inactivation of all microorganisms.

According to Rodrigues et al[30] simple and inex-
pensive act of spraying 0.12% chlorhexidine on tooth-
brush after each brushing helps in reducing bacterial
load but the reduction was less when compared to
microwave irradiation and UV radiation. A study con-
ducted by Aysegul et al[31] highlighted the fact that
although chlorhexidine solution is inexpensive, some
bacteria get resistant to this chemical and the solution
needs to be changed frequently because of which it is
not so cost effective.

Conclusion

Proper storage and disinfection of the toothbrush is as
important as brushing your teeth for a healthy and germ
free life. Toothbrushes can serve as a means of direct
transmission of microorganisms or it can act as a source
of reintroduction of microorganisms from infected to
non-infected tissues. Toothbrush has to be considered
as an important source of pathogens in this era of organ
transplants and changes in immune system. The trau-
matization of the people with their toothbrush can
become a root for entry of microorganisms. Therefore,
more studies of microorganisms on used brushes, the
total number and the type of organisms involved are
required to be done. Studies should include both tooth-
brushes from infected and healthy mouths. The effect of
short- and long-term use of various oral rinses and
toothpastes should be examined. While, maintaining
the hygiene of the oral cavity not only toothbrushing
should be considered but oral hygiene devices should
also be kept clean.
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