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ABSTRACT

Aim: The aim of the study was to evaluate if vinegar and vinegar
with 3.5% sodium chloride could be used as an alternative to
chlorhexidine gluconate for disinfection of toothbrushes.

Materials and methods: The study consisted of three groups:
group I: 0.12% chlorhexidine digluconate, group Il: 38% white
vinegar, and group Ill: 38% white vinegar with 3.5% sodium
chloride. Two new toothbrushes were cultured to check their
sterility before use. Eight children in the age group of 6 to
12 years were given oral hygiene instructions and four sets of
oral hygiene kits. At the end of the 1st week, one set of used
toothbrushes was cultured to check for total viable count. Again
at the end of the 2nd, 3rd, and 4th weeks, the 2nd, 3rd, and
4th sets of brushes were collected, subjected to respective
decontamination treatment for 12 hours, and then cultured for
microbial analyses. The obtained data were analyzed using
Fisher’s exact test.

Results: In group |, three out of eight brushes showed 1 to
10,000 colonies, in group I, one out of eight cases showed
>10,000 colonies and two out of eight showed 1 to 10,000
colonies, and in group lll, all the eight cases showed no
colonies upon culturing.

Conclusion: Out of all the tested decontaminating agents,
combination of 38% white vinegar and 3.5% sodium chloride
was found to be the most efficient.

Clinical significance: Toothbrushes become contaminated
upon use and act as a reservoir for microorganisms. Thus,
toothbrush decontamination should become a routine practice.
Testing the disinfecting efficacy of vinegar and common salt is,
thus, beneficial as they are available in every kitchen.
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INTRODUCTION

Toothbrushes are an integral part of any oral hygiene
maintenance kit and toothbrushing plays a pivotal role
in plaque control." On the contrary, toothbrushes can
also serve as a reservoir for microorganisms and, thus,
may play a significant role in causation and transmission
of infection.” This is because toothbrushes can become
contaminated from the oral cavity, environment, hands,
aerosol contamination, and storage containers.?

Depending on the source of contamination, tooth-
brushes can be vectors for transmission or reinfection
of microorganisms causing oral diseases, such as dental
caries, herpes, and periodontitis,* and many other sys-
temic conditions, such as respiratory, gastrointestinal,
cardiovascular, and renal problems.2 Thus, the impor-
tance of toothbrush decontamination is evident.

A number of procedures have been mentioned in the
literature for achieving the same, such as continuous
brush exchange,” submerging the brush into microbi-

cide solutions,® spraying antiseptic solutions,’

or using
ozone or ultraviolet.® Among the tested antiseptic solu-
tions, chlorhexidine gluconate, cetylpyridinium chlo-
ride, sodium perborate, hydrogen peroxide, listerine,
triclosan-containing dentifrice solution, and 2% sodium
hypochlorite®”*? have been proven to be effective decon-
taminants for toothbrushes. However, the search is still
on for a rapidly effective, cost-effective, nontoxic, and
easily implementable suitable alternative."’

In this regard, when toothbrush decontaminating
efficacy with 50% white vinegar was measured in vitro
and in vivo, it has been found to be promising against the
specifically tested bacteria.®'* On the contrary, during
exploration of food preservation techniques, it has also
been proven that addition of 3.5% sodium chloride to
vinegar increases the antibacterial activity." This present
study is aimed to evaluate if vinegar with/without sodium
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chloride could be used as an alternative to chlorhexidine
gluconate for disinfection of toothbrushes. The effect of
38% vinegar with 3.5% sodium chloride solution was com-
pared with 38% vinegar as well as 0.12% chlorhexidine
gluconate solutions on the total viable count present on the
toothbrushes. The null hypothesis for the study was set as
there is no difference in the toothbrush-decontaminating
efficiency of 38% white vinegar with 3.5% sodium chlo-
ride and 38% white vinegar when compared with 0.12%
chlorhexidine digluconate.

MATERIALS AND METHODS

This experimental in vivo intergroup comparative cross-
over study was initiated after approval from the Insti-
tutional Ethics Committee. Procedures followed in the
study were in accordance with the Helsinki declaration
of 1975 that was revised in 2000.

Sample Size

As per the study conducted by Komiyama et al,® a group
sample size of 4 achieved 89% power to detect a differ-
ence of —4,414,400.0 between the null hypothesis and the
alternative hypothesis with a significance level (alpha)
of 0.05 using a two-sided two-sample t-test. However,
considering the possible attrition and the microbial con-
tamination, the sample size was taken as eight per group.

The study consisted of three groups: group I: 0.12%
chlorhexidine digluconate, group II: 38% white vinegar,
and group III: 38% white vinegar with 3.5% sodium
chloride.

Study Center

The study was conducted at the Department of Pedo-
dontics and Preventive Dentistry and Department of
Microbiology.

Inclusion and Exclusion Criteria

Eight children in the age group of 6 to 12 years from
a local school were selected using random sampling
technique for the study. Informed consent was obtained
after explaining the study purpose and the procedure
to the selected children and their parents. Furthermore,
permission was obtained from the headmaster of the
school. Children whose general health was good, who
had at least 20 natural teeth per arch, who complied with
the toothbrushing instructions, and who had decayed,
missing, and filled teeth/dft <5 were included in the
study. Children who were on antibiotics 3 months before
the study, who were undergoing orthodontic treatment,
and who had removable intraoral prosthesis during the

study period were excluded from the study.!"!?

Procedure

All the study participants were provided with four sets
of oral hygiene kit containing a soft-bristled toothbrush
and a fluoridated dentifrice. Before the study, two fresh
toothbrushes identical to the brushes distributed among
the study participants were subjected to microbial analy-
ses to determine the total viable count, if any.

Preintervention Proceedings

All the study participants were demonstrated the stan-
dardized brushing technique by the principal investiga-
tor and were asked to brush teeth as well as tongue using
a toothbrush to ensure uniformity. Instructions were
given to brush twice daily (in the morning and at night
using a pea-sized toothpaste) for about 2 minutes with
the assigned toothpaste and toothbrush for a period of
1 week. Following brushing, they were asked to rinse
their toothbrush in running tap water for 30 seconds and
thereafter place the brush in an open brush holder, bristles
up, outside the bathroom. After 1 week, all the study
participants were instructed to bring their toothbrushes
in sterile plastic pouches given to them, which were
collected by the investigator. All the toothbrushes were
number coded and were subjected to bacterial extraction.

Bacterial Extraction

The toothbrushes were kept immersed in nutrient broth.
After three logarithmic dilutions in nutrient broth, cultur-
ing was done on nutrient agar for the total viable count.
The plates were incubated at 37°C for 24 hours. The
number of colonies, measured as colony-forming units,
were counted and recorded. The microbial analysis was
performed by the microbiologist who was blinded to the
study procedure.

Intervention using Different Decontamination
Procedures

The same study participants were again made to brush
teeth and tongue for three consecutive weeks using
three new brushes (1 toothbrush for 1 week). On every
8th day, brushes were collected from them in a sterile
plastic pouch. The collected contaminated toothbrushes
were kept immersed in 0.12% chlorhexidine digluconate
(1st week toothbrushes), 38% white vinegar (2nd week
toothbrushes), and 38% white vinegar with 3.5% sodium
chloride (3rd week toothbrushes) for 12 hours.

Postdecontamination Microbial Analysis

After 12 hours, the toothbrushes were again subjected to

bacterial extraction as described previously to determine

the efficacy of various decontamination procedures.!'?
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RESULTS

When the obtained data were analyzed using Fisher’s exact
test, there was a significant difference in the colony count
between all the groups (p <0.001; Table 1 and Graph 1).
About 83.3% of the cases showed >10* colonies when
toothbrushes were cultured without any decontamina-
tion procedure (negative control). In group I (positive
control), three out of eight brushes showed 1 to 10,000

Table 1: Groups vs colony count cross-tabulation

Colony count
Groups 0 1-10* >10* Total
New toothbrushes
Count 2 0 0 2
% Within colony count 100 O 0 59
Group I (positive control group)
Count 5 3 0 8
% Within colony count 250 375 0 23.5
Group Il
Count 5 2 1 8
% Within colony count 250 250 16.7 235
Group Il
Count 8 0 0 8
% Within colony count 400 O 0 23.5
Negative control
Count 0 3 5 8
% Within colony count 0 375 83.3 235
Total
Count 20 8 6 34
% Within colony count 100.0 100.0 100.0 100.0

Fisher’s exact test value = 20.950, p<0.001

colonies, whereas in group II, one out of eight cases
showed >10* colonies and two out of eight showed 1 to
10* colonies. In group I1I, all the eight cases showed no
colonies upon culturing (Fig. 1).

DISCUSSION

It has been well documented in the literature that tooth-
brushes are excellent locations for the growth of micro-
organisms,'® and after each brushing, there is an actual
risk of recolonization.! Contaminated toothbrushes are
the major source of repeated infection of the oral cavity."!
Along with a better understanding of oral diseases due
to toothbrush contamination, the awareness about the
association of contaminated toothbrushes and systemic
infections has also increased in the recent years. Thus,

Number of samples
B

New Group | Group Il Group Il Negative
toothbrushes control
Groups
| ENo colonies 3 1-10000 O >10000 colonies |

Graph 1: Difference in the colony count in each group

Figs 1A to E: Total viable count seen on: (A) New toothbrushes; (B) negative control; (C)
group I; (D) group Il; and (E) group I
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various methods of toothbrush decontamination were
tried.”'? Considering that the proposed methods for
toothbrush disinfection reported in the literature are
either expensive or cannot be easily implemented, the
present study was conducted to evaluate the effective-
ness of the household remedies like decontamination of
toothbrushes using vinegar and vinegar with salt. We
chose a cross-over study design as it has advantages over
parallel study design. Since cross-over study involves
within-subject comparisons, there is an increase in the
precision of observations as the effect of confounding
factors, such as age and dietary factors are nullified.
Furthermore, a small sample size is required while doing
cross-over studies.'®

In the present study, when new toothbrushes were
cultured to assess their level of contamination before
using both, the cultured brushes were found to be sterile.
However, when the negative controls (used toothbrushes
without any decontamination procedure) were cultured,
all the brushes showed microbial growth with 83% of
the brushes having more than 10* colonies. This finding
signifies that toothbrushes become contaminated fol-
lowing use and routinely followed storage conditions.
This is in accordance with various authors, who showed
the significant bacterial retention and survival on tooth-
brushes after use.”"

Chlorhexidine has been used in various forms like
solution and sprays for the decontamination of the tooth-
brushes, and found to be efficient.*'° Thus, we chose to
use 0.12% chlorhexidine digluconate as a positive control.
Results of our study showed that 0.12% chlorhexidine
digluconate is effective in decontaminating the tooth-
brushes, thus supporting the conclusions of the previous
studies.*""® However, in our study, 38% white vinegar
and the combination of 38% white vinegar and 3.5%
sodium chloride were found to be more efficient.

The vinegar is a sour and astringent liquid, the prin-
cipal component of which is acetic acid. This product
is inexpensive and easily available in the market.?’ For
more than 2000 years, vinegar has been used to flavor
and preserve foods, heal wounds, fight infections, clean
surfaces, and even to manage diabetes.”! The disinfecting
property of the vinegar due to the acetic acid content of
it makes it useful for the treatment of oral inflammation
(as mouthwash) and as an antiseptic for sores. The acetic
acid is an organic acid, which is a weak acid. At neutral
pH, they passively diffuse through the bacterial cell wall
and dissociate into anions and protons. Discharge of the
protons causes a reduction in the internal pH, which, in
turn, represses the bacteria.”> The antibacterial activity
of vinegar against four out of five tested microorgan-
isms inhabiting the oral cavity (Streptococcus mutans,

Staphylococcus aureus, Enterococcus faecalis, and Candida
albicans) was found to be superior to the chlorhexidine in
a study conducted by Mohammed El-Shamy et al,*> and
they concluded that vinegar appears to satisfy all of the
criteria for antibacterial agents. When Komiyama et al®
evaluated the disinfecting efficacy of 50% white vinegar
as compared with 0.12% chlorhexidine digluconate,
vinegar showed a significant reduction of all the tested
microorganisms colonized on the toothbrush except C.
albicans. However, they concluded that chlorhexidine was
a more efficient disinfectant, which is contradicting the
results of our study. This could be due to the difference
in the methodology followed, where in their study, the
toothbrushes were contaminated in vitro using artifi-
cial microbial solutions and the disinfecting ability of
the solutions used was tested against specific bacteria.
The present study took place under in vivo conditions,
where toothbrushes were cultured after the children had
brushed using them, and the total viable count on the
brush was counted postbrushing and postdisinfection.
We used 38% white vinegar as 50% white vinegar was not
readily available in the Indian market. Better disinfecting
ability was shown by white vinegar in our studydespite
lower concentration. This showed that even 38% white
vinegar can be used for disinfection of toothbrushes.

Another finding of the present study is that the
combination of 38% white vinegar and 3.5% sodium
chloride achieved near-total decontamination of all the
toothbrushes. The addition of 3.5% sodium chloride
enhanced the antibacterial action of vinegar against
food-borne pathogenic bacteria including Escherichia
coli O157:H7 in the study conducted by Entani et al.!*
In the presence of sodium chloride, the potential of
amino compounds, which protect the bacterial cell
from direct contact with antimicrobial agents, becomes
weakened. Thus, these cells become more susceptible
to the action of the antimicrobial agents. It has also
been reported that with a higher saline concentration,
a greater bacterial surface hydrophobicity may facilitate
antimicrobial solution penetration or contact with the
microorganism.?

Although the American Dental Association recom-
mends to change the toothbrushes every 3 months,* it is
not routinely followed due to psychological, economic,
and environmental barriers. Thus, establishing an easy
and effective method for disinfecting a toothbrush
becomes important. According to the results of this study;,
a combination of vinegar and common salt is an effec-
tive method to disinfect the contaminated toothbrushes,
which is also easy, safe, and economical. However, future
studies need to be conducted using this combination at
different concentrations of white vinegar and sodium
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CONCLUSION

CL

Toothbrushes that are not decontaminated after tooth-
brushing are highly colonized with microorganisms.
Immersion in 38% white vinegar and 3.5% sodium
chloride, 38% white vinegar, and 0.12% chlorhexidine
digluconate solutions for 12 hours resulted in the
decontamination of the toothbrushes in a decreasing
order of efficiency.

INICAL SIGNIFICANCE

Toothbrushes become contaminated upon use and act as
areservoir for microorganisms. Thus, toothbrush decon-
tamination should become a routine practice. Testing the
disinfecting efficacy of vinegar and common salt s, thus,

beneficial as they are available in every kitchen.
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