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Contamination of used toothbrushes
and their decontamination with
disinfecting agents
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ABSTRACT
Aim
To evaluate microbial contamination of toothbrushes and

the efficacy of different oral disinfectant agents in their
decontamination.

Methods

The heads of 98 used toothbrushes derived from pa-
tients who needed oral hygiene treatment were included
in the study. In the laboratory, microorganisms on tooth-
brush heads were identified using standard microbio-
logical methods. Toothbrush heads with microorganisms
were then randomly divided into four groups of 19 and
disinfected with Brushtox, Andolex C, Listerine® and
water (control), followed by microbiological analysis.

Results

Seventy eight percent of toothbrushes were contami-
nated with different microorganisms. Coagulase-negative
staphylococci (CoNS) were found in a high number of
toothbrushes (49%), followed by Pseudomonas spp
(837%), Staphylococcus aureus (32%), Streptococcus
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mutans (14%), coliforms (9%) and Candida albicans (3%).
Decontamination of toothbrushes with Andolex C and
Listerine® reduced the number of contaminated tooth-
brushes by 74% each, Brushtox by 90% and water by
0.0%.

Conclusion

Toothbrushes were contaminated with various types of
microorganisms, but predominantly with CoNS. Although
Brushtox is a toothbrush spray, soaking toothbrushes
in this solution was the most effective method, reduc-
ing the number of disinfected toothbrushes by 90%.
Oral health practitioners should raise awareness to their
patients regarding the need to disinfect toothbrushes.

Keywords
Toothbrush, microorganisms, contamination, oral disin-
fectant agents.

INTRODUCTION

Toothbrushes are the most commonly used oral hygiene
tools to remove plague and maintain good oral health.!?
Oral disinfectant agents could be utilized to supplement
or even supplant patient-dependent mechanical plaque
control and thus reduce or prevent oral disease.® Micro-
organisms from the oral cavity such as Streptococcus,
Staphylococcus, and Lactobacilli could contaminate them
during brushing.*

These micro-organisms may cause oral, respiratory,
gastrointestinal, cardiovascular and renal diseases.®>¢7
Organisms associated with periodontal diseases®® and
opportunistic pathogens such as Candida albicans®
have also been implicated in toothbrush contamination.
The possibility of infection/re-infection with resultant dis-
ease manifestation, because of the contamination of
toothbrushes by microorganisms is a cause for concern.

Storage of toothbrushes in bathrooms is a common
practice worldwide including South Africa, and plays a
role in their contamination. Bathrooms often have at-
tached toilets, thus increasing the chances of tooth-
brush contamination by enteric bacteria such as Esch-
erichia coli.* In an attempt to limit the contamination,
toothbrushes in some households are stored in covers.
However, such practice facilitates retention of moisture
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thus prolonging drying time, which may lead to pro-
liferation of opportunistic microorganisms such as
Pseudomonas aeruginosa.'’

The American Dental Association (ADA) recommends
replacement of toothbrushes every three to four months
of use to maintain the effectiveness of the brushes in
removing dental plaque biofilm."> Most oral health prac-
titioners have adopted this and recommend it to their
patients. However, in developing countries where re-
sources are limited, the majority of people may find it
costly, and therefore impractical to replace toothbrushes
every three to four months.

Whilst regular toothbrush change may enhance removal
of dental plaque biofilm, it does not completely address
the problem of contamination, as new toothbrushes
were found to harbor significantly more Streptococcus
mutans than worn toothbrushes.™ It is of even greater
concern that new unused toothbrushes from different
manufacturers may present with bacterial contamination
before oral contact.®™

Previous studies have investigated and reported micro-
bial contamination of toothbrushes after use.!16:17:18:19.20
Contaminated toothbrushes may lead to oral and sys-
temic diseases, such as gastrointestinal, cardiovascular,
respiratory, renal problems and septicaemia.?’ There is
an important need to disinfect toothbrushes to prevent
these diseases, especially in children, the elderly and
immunosuppressed individuals including those under-
going organ transplants or chemotherapy.'®

Various methods have been evaluated for the disin-
fection of toothbrushes including antiseptic rinses or
sprays, coating toothbrush bristles with toothpaste or
gel with antimicrobial effect.®?22%2415 There are only a
few studies on toothbrush disinfection using Brushtox
and Listerine® mouth rinse and no documented stu-
dies on the use of Andolex mouth rinse as a tooth-
brush disinfectant.

Hence, the aim of this study was to evaluate the micro-
bial contamination of toothbrushes and the efficacy of
Andolex C, Listerine® and Brushtox in disinfecting the
contaminated toothbrushes as a strategy to prevent oral
diseases in a South African population.

MATERIALS AND METHODS

Study population

Patients of both genders attending the Wits Oral Health
Centre for oral hygiene treatment were recruited to par-
ticipate in the study. Patients were informed about the
study at a screening appointment. At this visit, they were
given both a written and an oral explanation of the back-
ground of the study, its objectives, and their involvement.

Signed consent forms were obtained from all patients who
agreed to participate in the study and they were asked
to bring the toothbrush that they have been using in the
past three months. Patients that were included had to be
a minimum of 18 years of age, not having systemic dis-
eases such as diabetes mellitus and hypertension which
was considered as healthy, not having used antibiotics,
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antifungal agents and mouth rinses within the 30-day
period prior to data and toothbrush collection and not
having had any form of periodontal therapy in the past
3 months. Medical history of the participants was ob-
tained from the participants themselves to rule out sys-
temic diseases. The study was approved by the Human
Research Ethics Committee (Medical) of the University
of the Witwatersrand, Johannesburg (M120290).

Methodology

A total of 98 used manual toothbrush heads were inclu-
ded in this study. Used toothbrushes of different designs
were collected from patients and immediately placed
into sterile pouches and labelled. Convenience sampling
method was used to collect toothbrushes. The tooth-
brushes were not exposed to each other during the time
of collection. All toothbrushes were processed within 24
hours of collection. The handle of the used toothbrush
was aseptically cut off using a rotary saw and retained
in the bag to avoid contamination.®

Each toothbrush head was soaked for 5 hours in a
separate tube containing 15 ml of sterile tryptone soya
broth (TSB) medium. Following soaking, the contents
were vortexed for 60 seconds and hundred microli-
tres of the resulting suspension was plated onto Mac-
Conkey agar, Mitis salivarius Bacitracin (MSB) agar and
Sabouraud’s Dextrose agar (SDA) to select for entero-
bacteria, mutans streptococci, and yeasts, respectively.
All plates were incubated aerobically at 370C for 48
hours except for MSB agar, which was incubated for
48 hours under CO, conditions in a candle jar.

After incubation, the colour and morphology of colonies
were recorded, and Gram’s staining was performed on
a representative of each colony morphotype. Coagulase
and catalase tests were performed to confirm and differ-
entiate Staphylococci. Colonies from SDA were identified
by wet mount and ID32C test following the manufac-
turer’s instructions (bioMérieux, Marcy-L Etoile, France).

Streptococcus mutans was identified morphologically
from MSB agar as convex, pale blue colonies with
granular frosted glass appearance. Gram-negative bacil-
li were subcultured on MacConkey agar and tested for
oxidase (Pro-Lab Diagnostics, Basingstoke, UK).

Gram-negative, non-lactose-fermenting, oxidase-positive
colonies isolated on MacConkey agar were considered
to be Pseudomonas spp, while Gram-negative, lactose-
fermenting, oxidase negative colonies isolated on Mac-
Conkey agar were considered to be coliforms. For every
test conducted, positive and negative controls were in-
cluded to ensure accuracy and validity of results.

In the decontamination procedure, the toothbrush heads
that showed growth were randomly divided into four
groups of 19 and immersed overnight in 15ml each of
the following oral disinfectant agents: Andolex C (Chlor-
hexidine gluconate 0.12%; iNova Pharmaceuticals (Pty)
Ltd, Bedfordview, South Africa), Brushtox (Chlorhex-
idine gluconate 0.2%; Dentox Ltd., Warwick, England),
Listerine® (with 26.98% alcohol; Johnson & Johnson,
New Jersey, USA), and sterile distilled water (control).
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Toothbrush heads were then rinsed with sterile distilled
water to wash off excess oral disinfectant agents,
placed in 15ml of sterile TSB medium for 5 hours and
the resulting suspension cultured on the same media as
above. Standard microbiological methods were repeat-
ed as above to identify the different organisms.

Statistical analysis

Disinfection data was analysed using the Kruskal-Wal-
lis ANOVA test. All statistical significance was calculated
at the 5% significance level.

RESULTS

Our data showed that microorganisms were present on
76 (78%) of the 98 tested toothbrushes. No growth was
observed in the remaining 22 toothbrushes. Coagulase-
negative staphylococci (CoNS) were found in a high
number of toothbrushes (n=37; 49%), followed by Pseu-
domonas spp (n=28; 37%), Staphylococcus aureus
(n=24; 32%), Streptococcus mutans (n=11; 14%),
Coliforms (n=7; 9%) and Candida albicans (n=2; 3%)
(Figure 1).

After using the various oral disinfectant agents, Andolex
C and Listerine® reduced the number of contaminat-
ed toothbrushes by 74% (n=14) and Brushtox by 90%
(n=17). Water could not disinfect any of the contami-
nated toothbrushes (Figure 2).

Statistical analysis

There was no statistically significant difference when
Brushtox was compared with Listerine® and Andolex C
in the disinfection of toothbrushes (p=0.4048). Statisti-
cally significant differences were observed in disinfection
efficacy between Brushtox, Listerine® and Andolex C
when compared to sterile distilled water (p<0.00001).

DISCUSSION

Toothbrushes are the most common tools used to im-
prove the oral health of an individual. The ADA recom
mends that toothbrushes be replaced every three to
four months of use to maintain the effectiveness of the
brushes in removing dental plaque biofilm.'? Evidence that
used toothbrushes retain oral microorganisms has been
previously demonstrated from countries other than South
Africa.

Toothbrushes are the most common tools used to im-
prove the oral health of an individual. The ADA recom-
mends that toothbrushes be replaced every three to
four months of use to maintain the effectiveness of the
brushes in removing dental plaque biofilm."?

Evidence that used toothbrushes retain oral microorga-
nisms has been previously demonstrated from coun-
tries other than South Africa®'®?5 however, there is
very little public awareness that toothbrushes can be
contaminated with use.

Although various methods have been evaluated for the
disinfection of toothbrushes,®9222324 the use of Andolex
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Figure 1. Microorganisms identified from toothbrushes (N=76).
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Figure 2. Effect of oral disinfectant agents on contaminated tooth-
brushes.

C, Brushtox and Listerine® as oral disinfectant agents
has not been widely studied.

Hence, the aim of this study was to evaluate the micro-
bial contamination of toothbrushes and the efficacy of
Andolex C, Brushtox and Listerine® in disinfecting the
contaminated toothbrushes as a strategy to prevent
oral diseases in a South African population.

In the current study, 76 (79%) of tested toothbrushes
showed microbial contamination. The microorganisms
isolated were coagulase-negative staphylococci (CoNS),
Pseudomonas spp, Staphylococcus aureus, Strepto-
coccus mutans, coliforms and Candida albicans. These
results confirm that toothbrushes may play a major role
in the retention of organisms which may pose a health
risk in susceptible individuals.

These toothbrushes were collected from patients seek-
ing oral treatment from infections which could have
been caused by these contaminated toothbrushes.
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The absence of growth in 22 toothbrushes from this
study could have been due to participants submitting
new, purchased toothbrushes instead of the ones they
used at home or they could have disinfected the tooth-
brushes before submission. In addition, the media used
for culture were specific for growth of enterobacteria,
mutans streptococci, and yeasts, therefore these
22 toothbrushes could be having other pathogens not
tested in this study.

The results of our study are in concordance with those
of previous studies. Mehta et al.”" and Ferreira et al.?®
reported that 70% of the toothbrushes were heavily
contaminated with different pathogenic microorganisms
after use. Pesevska et al.”” and Rodrigues et al.'® evalu-
ated microbial contamination of toothbrushes used by
Dentistry students and microbial growth was observed
in 100% and 91% of toothbrushes respectively, thus
increasing the risk of oral diseases in this healthy pop-
ulation. These investigators reported that contamination
of toothbrushes occurs often, even in individuals who
should know the ideal conditions for the storage of
toothbrushes.

In this study, coagulase-negative staphylococci (CoNS)
were the most predominant organisms found in the
highest number of toothbrushes (49%). In contrast, Fer-
reira et al.?® found CoNS to be the least isolated orga-
nisms (10%) in toothbrushes of healthy individuals whilst
Saini and Kulkarni?” isolated CoNS from 36% of tooth-
brushes obtained from a similar population.

CoNS are normal inhabitants of human skin and mu-
cous membranes?” and their predominant occurrence
in toothbrushes in the current study may be due to
handling and rinsing of the toothbrushes after use?.
However, the pathogenic potential of the predominant
CoNS cannot be ignored as these microorganisms have
been implicated in various infections including endo-
carditis, bacteraemia, surgical site and urinary tract
infections?®. In addition, CoNS have been reported to
be multidrug resistant, which could lead to difficulty in
treating infections caused by these organisms?°.

Pseudomonas spp. was found in 37% of toothbrushes
and was the second most isolated organism. Osho et
al.?*® found Pseudomonas in 40% of toothbrushes col-
lected from healthy patients and concluded that tooth-
brushes can serve as fomites in various homes espe-
cially if they are not properly used and taken care of.
On the contrary, Pesevska et al.'” reported Pseudomonas
in 15% of toothbrushes from healthy students and indi-
cated that toothbrushes can be carriers of microorga-
nisms, increasing the risk of diseases in healthy people.

Another study found Pseudomonas in 83% of tooth-
brushes from healthy individuals and those with oral
infections.®" Pseudomonas spp causes various infections
including respiratory system infections, soft tissue in-
fections, bacteraemia, and a variety of systemic infec-
tions, particularly in immunocompromised patients. These
micro-organisms can survive in water therefore their
presence in toothbrushes may be due to incorrect stor-
ing of the toothbrushes, where the aerosols from the
toilet could easily reach them.®?
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In this study, Staphylococcus aureus (S. aureus) was
isolated in 32% of toothbrushes. Contrary to this find-
ing, Abd-ulnabi®" reported S. aureus in 21% of tooth-
brushes from individuals with oral infections but not from
healthy individuals and concluded that toothbrushes
may be a source of opportunistic pathogens such as
S. aureus due to their incorrect storage. Similarly Osho
et al.?% found S. aureus in 20% of toothbrushes of
the same brand and type used by different individuals.

S. aureus was the most predominant isolated organism
in 0% of toothbrushes used twice per day by stu-
dents.®* S. aureus was found in the lowest number
(10%) of toothbrushes collected from students in a
study by Osungunna and Oyajoju.®* This microorganism
has been implicated in life threatening diseases including
infective endocarditis and bacteraemia and can influence
the occurrence of oral diseases such as dental caries
and gingivitis.'®'® In addition, S. aureus has been repor-
ted to develop resistance to several antibiotics includ-
ing methicillin (MRSA), penicillin and cephalosporins.3®
In cases where toothbrushes are shared, MRSA can
be transmitted from the infected individuals to the un-
infected, thus requiring that the toothbrushes be dis-
infected regularly.

Streptococcus mutans (S. mutans) was isolated in 14%
of tested toothbrushes. These results differ from those
of a study by Rodrigues et al.’® where S. mutans was
detected in 47% of toothbrushes, highlighting the ability
of this organism to form biofilms and binding to
the material of the toothbrushes. Saini and Kulkarni?”
reported S. mutans in 36% of toothbrushes from heal-
thy individuals and concluded that toothbrushes are
considered a potential biohazard for reintroduction of
microorganisms in the oral cavity. Efstratiou et al.s®
found that immediately after brushing, 30% of tooth-
brushes were contaminated with S. mutans.

The presence of S. mutans in toothbrushes in the
current study is not surprising as they are part of the
oral normal flora. The growth of these bacteria on
toothbrushes may be due to improper rinsing of tooth-
brushes after use. S. mutans is currently considered
to be the major cause of dental caries® due to its ex-
ceptional aciduric and acidogenic properties and the
use of a contaminated toothbrush may lead to re-
infection with this organism, escalating dental caries
problem.

Coliforms, which are organisms not normally associ-
ated with oral flora were isolated in 9% of tested tooth-
brushes. Similarly, Osho et al.*® reported Escherichia coli
(E. coli) in 10% of tested toothbrushes from different
individuals. In contrast, Samuel et al.®® reported E. coli
in 20% of toothbrushes from students whilst Sammons
et al.?* showed that 28% of toothbrushes from healthy
volunteers were contaminated with E. coli.

A study by Ferreira et al.?®® found that 80% of tooth-
brushes from healthy individuals were contaminated
with E. coli. These investigators found that 90% of the
toothbrushes were stored in bathrooms which could
have accounted for the high contamination with these
faecal bacteria.
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Coliforms are normally found in the gastrointestinal tract
and therefore in faecal matter. Aerosols released after
flushing the toilet can deliver faecal matter up to 20 feet
in the air, reaching toothbrushes that have been stored
on bathroom counters.®® The presence of coliforms in
toothbrushes in the current study shows faecal contam-
ination. In addition, these bacteria may have entered the
toothbrushes through the rinsing water as coliforms can
be found in water.®® In addition to gastrointestinal tract
infections, coliforms have been shown to cause respira-
tory tract infections.%84

Candida albicans (C. albicans) was isolated in a low
number of toothbrushes (3%) in agreement with a study
by Pesevska et al."” where C. albicans was reported in
5% of toothbrushes. In contrast, in an in vitro study,
Nascimento et al.'® reported C. albicans in 37.3% of
toothbrushes after treatment with water, showing that
rinsing toothbrushes with water does not disinfect the
toothbrushes. Wetzel et al.’® reported that toothbrushes
made with different anchoring techniques could retain
C. albicans. Another study reported that contamination
of toothbrushes with Candida was significantly higher in
the samples of diseased individuals compared to heal-
thy individuals.*' C. albicans may colonize the mucosal
surfaces including periodontal tissues, especially in im-
munocompromised individuals and patients with exten-
ded antibiotic treatment.“? The source of the C. albicans
in the current study could have most likely been the
oral cavity where it is a normal flora.

Although C. albicans was isolated in low numbers in
this study, its presence is significant as infection with
C. albicans has been shown to be an important cause
of mortality and morbidity in patients with AIDS, bone
marrow transplantation and aggressive anti-neoplastic
therapy.*®

The presence of the microorganisms in the toothbrush-
es in this study highlights the need to control the micro-
bial contamination of toothbrushes in order to prevent
reinfection of the mouth and dissemination of micro-
organism to other parts of the body.

In our study, overnight immersion of contaminated tooth-
brushes in Brushtox (CHX gluconate 0.2%) was found
to be highly effective in disinfecting 90% of the tooth-
brushes. These results are in agreement with those of
an in vitro study by Neal et al.** where Brushtox show-
ed 100% efficacy against bacteria and fungi on tooth-
brushes. Macari et al.*® corroborated these findings,
with Brushtox reported as the best disinfectant for pre-
vention of cariogenic biofim formation on 84.4% of chil-
dren’s toothbrushes. These results are in contrast with
those of a previous clinical study where Brushtox was
less effective than 0.12% chlorhexidine in removing
S. mutans biofilms from toothbrush bristles.*

Brushtox Antiseptic Toothbrush Cleanser (Dentox Limited,
Warwick, England) is a chemical solution that was de-
veloped for toothbrush disinfection. Brushtox consists
of activated ethanol solution (35-40%), 4.5% biocides
and a mixture of para-hydroxybenzoate, and is highly
effective against a wide range of bacteria, fungi and
viruses.*” The results of our study agree with this as

Brushtox decontaminated 90% of the toothbrushes con-
taminated with bacteria and fungi.

Andolex mouth rinse (0.12% chlorhexidine) was found
to be less effective than Brushtox in the current study.
When reviewing the literature, no documented studies
on the use of Andolex mouth rinse as a toothbrush dis-
infectant could be found. However, a study by Rodri-
gues et al.” reported a significant decrease (91%) in
toothbrushes contaminated with Streptococci, Strepto-
coccus mutans, Staphylococci, Enterobacteria and yeast,
when they were sprayed with 0.12% chlorhexidine so-
lution three times a day after every brushing.?

According to Komiyama et al.*® 0.12% chlorhexidine
was the most effective disinfectant when toothbrushes
contaminated in vitro with standardized suspensions of
S. mutans, Streptococcus pyogenes, S. aureus or C.
albicans were tested. Nelson-Filho et al.?? used 0.12%
chlorhexidine gluconate for disinfection of children’s
toothbrushes and reported total elimination of S. mutans
after 20 hours. A study by Nascimento et al.*® found
0.12% chlorhexidine gluconate to be more effective in
reducing bacterial colonization on toothbrushes after
storage in closed containers. Andolex contains Benzy-
damine HCL and chlorhexidine gluconate, which kills or
inhibits the growth of bacteria, viruses and fungi.%°

Our study showed Listerine® to be as effective as An-
dolex (0.12% chlorhexidine gluconate), but less effective
than Brushtox in disinfecting toothbrushes. In contrast,
Basman et al.%" reported Listerine® to be more effec-
tive than 0.12% chlorhexidine gluconate in disinfecting
toothbrushes. Konidala et al.%? reported 100% efficacy
of Listerine® in disinfection of children’s toothbrushes.
According to Belanger-Giguere et al.®* using Listerine®
for 20 minutes to disinfect toothbrushes contaminated
in vitro with S. mutans showed lower effectiveness than
mouthwashes with chlorhexidine.

Mehta et al.” showed that overnight immersion of
toothbrushes in Listerine® was less effective than
Brushtox in decontaminating toothbrushes. In contrast,
Merchan et al.®* evaluated the in vitro effectiveness of
0.12% chlorhexidine gluconate and Listerine® in tooth-
brush disinfection and found Listerine® less effective
than 0.12% chlorhexidine gluconate. Beneduce et al.®®
showed that treating toothbrush heads with Listerine®
for 7min was less effective than hydrogen peroxide in
reducing the numbers of both aerobic and anaerobic
bacteria.

Essential oil derivates, including Listerine® are reliable
antiseptic and disinfecting agents with no secondary
effects on host’s oral cavity.®* Listerine® is composed
of menthol, ethanol, thymol, eucalyptol (essential oils)
and methyl salicylate as active agents.%? Listerine® in-
hibits enzymatic activity of bacteria, disrupts their cell
walls, thereby preventing their aggregation and slowing
down their multiplication.%®

Sterile distilled water did not decontaminate any of
the toothbrushes and a statistically significant difference
was observed when compared with using Brushtox,
Listerine® and Andolex C (p<0.00001). This is in agree-



www.sada.co.za / SADJ Vol. 75 No. 9

ment with a study by Nelson Filho et al.“® where micro-
bial contamination was detected in 100% of tooth
brushes sprayed with sterile water. Macari et al.*
reported that rinsing toothbrushes with sterile water
resulted in continued high levels of contamination and
biofilm. In another study, uncountable colonies of bac-
teria were observed after treating toothbrushes with
water.%” Our study show that the use of water to de-
contaminate toothbrushes after regular use is ineffec-
tive as also reported by other studies.52%358,

The inability to use molecular methods to detect non-
cultivable microorganisms remains a limitation of this
study. The possibility that the 22 toothbrushes without
growth may have been newly purchased by patients or
disinfected before they were collected for the study can
not be overruled as limitations. It is recommended that
sensitive and specific molecular assays be employed
to detect, in particular, non-cultivable microorganisms.

CONCLUSION

Toothbrushes in this study were contaminated with vari-
ous types of microorganisms, with CoNS predominating.
Brushtox was the best disinfectant, reducing the number
of contaminating microorganisms on disinfected tooth-
brushes by 90% after overnight immersion.

Oral health practitioners should raise awareness to
their patients regarding the need to disinfect tooth-
brushes and that water alone does not disinfect the
toothbrushes. The use of Brushtox as a soaking me-
dium should be encouraged for disinfection of tooth-
brushes between uses.
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