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Abstract
Purpose: The objective of this study was to evaluate by culture and scanning electron
microscopy (SEM) the contamination of toothbrushes of 30 children (5-7 years old) by
mutans streptococci (MS) when dentifrices with or without triclosan are used.
Methods: The clinical procedures were divided into 3 phases at 1-week intervals. In phase
1 (group I), the children brushed their teeth without dentifrice for 4 minutes; phase 2
(group II) brushed with fluoridated dentifrice (Tandy); phase 3 (group III) brushed with
dentifrice containing triclosan (Colgate Total). The toothbrushes were then submitted
to microbiological processing for the counting of colony-forming units (CFUs) of MS
adhered to the bristles. Four toothbrushes from each group were analyzed by SEM.
Results: MS were present on 93% of group I toothbrush bristles and on 77% of group
IT toothbrush bristles. Only 40% of group III toothbrushes were contaminated with MS.
When there was a positive microbiological culture, the formation of cariogenic bacterial
biofilm adhered to the bristles of all groups was identified by SEM.
Conclusions: Toothbrush bristles were contaminated by MS after only one use. A den-

tifrice containing triclosan significantly reduced bacterial contamination of these
toothbrushes. (Pediatr Dent. 2004;26:11-16)
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ifferent studies have shown that toothbrushes are
D contaminated by different bacteria, viruses, and
fungi after use.'® Since modern dentistry empha-
sizes prevention and infection control, toothbrushes should
be correctly stored, disinfected, and changed at regular in-
tervals. However, the literature presents few articles on the
disinfection of toothbrushes.!”1°
Since adult individuals are sometimes incapable of effi-
ciently controlling dental biofilm formation, antimicrobial
agents such as triclosan are associated with fluoridated den-
tifrices'’ to increase clinical performance. Triclosan is a
synthetic antimicrobial agent, originated from phenol, used
as an adjunct in cosmetic products such as soaps and der-
matological formulas and recently used in dentistry. It is
compatible with two of the most used salts in dentistry, so-
dium fluoride and sodium monofluorophosphate.'> When
the antimicrobial activity of dentifrices with or without
triclosan are compared, it has been suggested that those with
triclosan are more effective.'>!
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Clinical studies utilizing real-life conditions have been
conducted to document a variety of benefits, including
decreased plaque and gingivitis following use of a denti-
frice with triclosan/copolymer.” However, according to
Sreenivasan and Gaffar'® in other clinical tests with
triclosan, no alterations of the microbial flora of dental
plaque were reported. Examination of clinical isolates of
bacteria from patients using this antiplaque biocide show
no emergence of resistant microflora.

The lack of studies led us to evaluate microbiologically
and by scanning electron microscopy (SEM) the effect of
dentifrices with or without triclosan on contamination lev-
els of children’s toothbrushes by mutans streptococci (MS).

Methods
Forty children of both sexes (5-7 years old) were selected
from the Albert Einstein School (Ribeirao Preto, State of
S4o Paulo, Brazil). They were neither under dental treat-
ment nor using antibiotics or antiseptic mouthwashes for
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Figure 1A. Group I (tooth-brushing without dentifrice): Intense
presence of mutans streptococci colonies adhered on toothbrush
bristles.

Figure 1B. Scanning electron microscopy of toothbrush bristle
surfaces showing the cariogenic bacterial biofilm formation
(magnification x2000).

at least 3 months. This study was approved by the Eth-
ics Committee of the Ribeirdo Preto School of Dentistry,
University of Sdo Paulo, and written informed consent
was obtained from the parents or guardians of the chil-
dren.

The study was divided into 3 phases, with a 1-week in-
terval between each phase. In the first phase, each child
received a Johnson’s Jr. toothbrush (Johnson & Johnson,
Sio Bernardo do Campo, Sao Paulo, Brazil) and was sub-
mitted to supervised tooth-brushing during 4 minutes,
using only tap water (group I-control), without dentifrice.

In the second phase (group II-experimental), the same
children received another Johnson’s Jr. toothbrush and
were submitted to supervised tooth-brushing during 4 min-
utes, with a standardized quantity (covering one third of
the bristle) of fluoridated dentifrice (Tandy, Kolynos do
Brazil Ltda, Sao Paulo, Brazil).

In the third phase, the same children (group IlI-experi-
mental) received another Johnson’s Jr. toothbrush and

12 Nelson-Filho et al.

Effect of triclosan on toothbrush contamination

performed supervised tooth-brushing during 4 minutes,
with a standardized quantity (covering one third of the
bristle) of dentifrice containing triclosan (Colgate Total,
Colgate—Palmolive, Osasco, Brazil).

After tooth-brushing, the toothbrushes were carefully
rinsed with tap water and excess liquid was removed with
gentle shaking by the same professional. They were then
collected, numbered sequentially, transported in a special
container to avoid contact, and submitted to microbiologi-
cal processing. The closed container with the toothbrushes
was kept at room temperature for 4 hours, simulating the
period between brushing.®!"”

An additional 3 unused toothbrushes (additional con-
trol) were removed from their original packages and
submitted to microbiological processing before use.

All examiners were blinded as to the group being exam-
ined microbiologically or by SEM.

Microbiological procedures

After 4 hours, the toothbrushes of each group were indi-
vidually placed vertically to avoid contact of the bristles
with the test tube wall into separate 25%150 mm test
tubes, containing 10 mL CaSa B (bacitracin sucrose
broth—selective enrichment broth prepared by the modi-
fication of Jensen and Bratthall,’® medium specific for MS
without trypan blue, according to Cesco et al”) for 3 to
4 days at 37°C. The toothbrushes were withdrawn and
rinsed in the broth with gentle shaking to remove plank-
tonic microbiota, leaving sessile bacteria adhered as
“spike” or “mushroom-like” colony/biofilm. The tooth-
brush bristles were analyzed carefully from all sides and
angles, and sessile biofilm/colonies of MS, based on
colony morphology, were counted under aseptic condi-
tions with a stereoscopic microscope (Nikon) under
reflected light.
The number of colonies was expressed as:

1. Os=no biofilm or turbid culture medium after 20 days,
indicating absence of microorganisms on toothbrush
bristles.

2. 0=lack of cariogenic biofilm adhered to the bristles but
with turbid medium, indicating presence of other
microorganisms.

1 to 100=number of CFUs were countable.
+100=colonies were not confluent and had values
greater than 100.
5. Uncountable=bacterial development was intense, with
confluent colonies, not allowing exact counting of CFUs.
Confirmation that the microorganisms were MS was
done by:

1. transferring 4 to 5 colonies/biofilms from the bristles
of 3 to 4 toothbrushes, representative of the bacterial
development of the group, in the tubes containing 2.0
mL of phosphate buffered solution and glass beads.

2. vortexing the colonies for 2 minutes.

3. seeding of resulting suspension on bacitracin sucrose

agar plates (SB,)).

W
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Figure 2A. Group II (tooth-brushing with fluoridated dentifrice): MS
colonies adhered on toothbrush bristles.

Figure 2B. Scanning electron microscopy of toothbrush bristle
surfaces showing the cariogenic bacterial biofilm formation
(magnification x3500).

This is selective for MS and was prepared according to
Davey & Rogers."” modified by the substitution of sucrose
with cane sugar, according to Torres et al.?* The colonies
that developed were submitted to tests of:

1. fermentation of mannitol, sorbitol, raffinose, and
mellibiose.

2. hydrolysis of arginine and sculin.

3. production of H O,.

4. sensitivity to 2.0 IU bacitracine.?!

Scanning electron microscopy (SEM)

After being submitted to microbiological processing, 2 tufts
of bristles from 4 representative toothbrushes of each group
were removed. Subsequently, 4 to 5 bristles of these tufts
were separated and mounted on stubs and submitted to pro-
cessing for SEM analysis (JSM 5410 microscope) according
to Adriaens et al,*? to evaluate the cariogenic bacterial biofilm
formation on the toothbrush bristles. The bristles were cut
and dried (to a critical point) mounted on a preparation-car-
rier for SEM, coated with gold under vacuum (Denton
Vacuum Desk II) for 60 seconds and examined with a scan-
ning electron microscope at 15 kV.
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Statistical analysis

The microbiologically obtained results were submitted to
statistical analysis for paired data (Cochran and sign test)
using the 8.1 GMC software (http://www.forp.usp.br/
restauradora/gme/gme.heml).

Results

Microbiological results

From the initial 40 patients, only 30 completed the 3
phases of this study. The number of CFUs of MS observed
in the bristles of groups I, I, and IIT are presented in Table 1.
MS were present on 28 of 30 (93%) group I toothbrushes,
and the CFUs ranged from 11 to more than 100, being
uncountable in 12 toothbrushes (Figure 1A). Only 2 tooth-
brushes (7%) were not colonized by MS, however, they did
have a positive culture (turbid).

A total of 23 toothbrushes (77%) from group II were
contaminated with MS, with the number of CFUs rang-
ing from 5 to more than 100 and uncountable in 11
toothbrushes (Figure 2A). There was no MS contamina-
tion in 23% of these toothbrushes; however,
microorganisms were absent in only 1 case (3%).

The bristles of only 12 toothbrushes (40%) from group
III were contaminated by MS, with CFUs ranging from 2
to more than 100 and uncountable in only 2 (Figure 3A).
Eighteen toothbrushes (60%) were not colonized by MS;
however, the culture was positive for other microorganisms
for 47% of the toothbrushes. There were no microorgan-
isms in 4 toothbrushes (13%).

Contamination was greater in group I (93%), with the
least contamination seen in group I1I (40%). Statistical analy-
sis showed that these differences were statistically significant
between groups (I=II, II=III, I=III; chi-square=23.64;
P<.01).

There was no bacterial contamination of the 3 unused
toothbrushes after incubation at 37°C for 20 days.

Scanning electron microscopy

When there was a positive microbiological culture, there
was also cariogenic bacterial biofilm adhered to the tooth-
brush bristles of all groups (Figures 1B, 2B, and 3B).

Discussion
Although MS are considered the primary etiologic agents
for dental caries lesions, not many studies have been pub-
lished on their presence on toothbrush bristles"772,

In this study, the authors detected MS in 93% of the
toothbrushes from group I (toothbrush without dentifrice).
Although Taji & Rogers’ did not show the development
of MS in a pilot study with adult toothbrushes, the find-
ings of the present study are in agreement with those of
Svanberg,” who reported a massive presence of MS on
toothbrushes (1.5-6x10% CFUs). Nelson-Filho et al” also
observed the development of MS in 100% of child tooth-
brushes kept in sterile water after brushing.
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Figure 3A. Group III (toothbrush with dentifrice containing
triclosan): A small number of MS colonies adhered on toothbrush
bristles.

Figure 3B. Scanning electron microscopy of toothbrush bristle
surfaces showing the cariogenic bacterial biofilm formation
(magnification x3500).

In a study at Hiroshima University, Kozai et al,' re-
ported that MS were present on toothbrushes at high levels
(2.55%10* CFUs) even 6 hours after use and exposed to
air. The present study showed MS on the bristles of group
I at 4 hours after exposure at room temperature.

In 1999, Motzfeld et al,® detected MS in only 3% of
the analyzed toothbrushes. This difference, compared to
the authors’ results, is probably because the population
studied was from the Faculty of Dentistry of Chile, which
is probably more informed about the importance of den-
tal hygiene.

Toothbrush bristles in this study were contaminated by
MS after only a single use by children. This is important
because the use of community toothbrushes is high in the
low socioeconomic level population in Brazil. According to
Fratto et al,” contact between toothbrushes can occur in a
cup or bathroom cupboard. Also, the control of salivary con-
tact is very difficult between individuals in daycare centers,
preschools, and other institutions with small children.?
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Table 1. Number of Colony-forming Units (CFUs) of

Mutans Streptococci (MS) on the Bristles of Toothbrushes
Used Once by Children*

Case Group It Group IIf Group III§
1 0 0 0

2 0 0 0

3 +100 0Os 0

4 +100 0 0Os
5 Unc 5 0

6 Unc +100 +100
7 +100 Unc Os
8 26 14 18
9 Unc Unc Os
10 11 Unc +100
11 Unc 19 2
12 14 0 8
13 Unc +100 72
14 Unc Unc Unc
15 Unc 17 0
16 Unc Unc 0
17 Unc Unc +100
18 +100 +100 0
19 +100 22 2
20 Unc +100 +100
21 22 8 0
22 31 0 0
23 21 Unc 0
24 14 0 0Os
25 +100 11 0
26 Unc Unc +100
27 Unc Unc Unc
28 +100 Unc 0
29 +100 52 0
30 63 Unc 0
Total number 28 (93%) 23 (77%) 12 (40%)
of positive

cases for MS

Effect of triclosan on toothbrush contamination

*The number of colonies was expressed as: Os=no biofilm or turbid
culture medium, indicating absent microorganisms; 0=lack of
cariogenic biofilm adhered to the bristles but with turbid medium
indicating presence of other microorganisms; 1 to 100=number of
CFUs were countable; +100=colonies were not confluent and had
values greater than 100; and Unc=uncountable; bacterial development
so intense, with confluent colonies, not allowing exact CFU
counting. Groups I=II, II=ITI, I=IIT (P<.01; Cochran and sign tests).

+Group I (control): brushing without dentifrice.

+Group II: brushing with fluoridated dentifrice.
§Group II: brushing with dentifrice containing triclosan.
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Macro- and microscopic analysis of toothbrushes with
positive microbiological culture showed that the presence
of cariogenic bacterial biofilm adhered to the bristles, in
agreement with Cesco et al'” and Nelson-Filho et al.”

In the toothbrushes from group II (toothbrush with
fluoridated dentifrice), the development of MS was ob-
served in 77% of the cases, which was significantly different
when compared to group I (P<.01). The presence of fluo-
ride in the dentifrice can act as an antibacterial agent, since
fluoride can accumulate in the interior of bacteria and cause
metabolic changes inhibiting glycolysis, which is respon-
sible for the acidogenic potential of MS which inhibits the
adhesion of this microorganism to hydroxyapatite.” The
Tandy dentifrice contains both fluoride and lauryl sodium
sulfate, which also has antibacterial properties.”® These
properties can be responsible for the difference between
toothbrush bristle contamination of groups I and II.

Triclosan has been added to dentifrice to reduce dental
biofilm formation, caries lesion development, and gingi-
vitis. In a 30-day study, Hawley et al,?® observed no side
effects when using dentifrice with triclosan and reported
that it does not affect the anti-caries lesion effect of fluo-
ride. Fine et al,”’” reported that the use of triclosan does not
cause a shift in the cariogenic or opportunistic periodonto-
pathogenic microbiota, nor the development of resistant
strains even after 6 months use, indicating that triclosan is
a safe product. To increase retention by the buccal cavity
surface, a copolymer®® was added to its formula. Zinc cit-
rate was also added to increase the antibacterial potential
of triclosan."” Colgate Total dentifrice has been reported®
to be effective, and according to Bradshaw et al,”” S mutans
is highly sensitive to triclosan.

The present study showed that only 40% of the tooth-
brushes from group III (toothbrush using dentifrice with
triclosan) were contaminated with MS, indicating that the
use of fluoridated dentifrice with triclosan significantly
reduced toothbrush bristle contamination by MS. Statis-
tical analysis showed greater efficacy of group III than
groups I and II (P<.01).

In 1999, Motzfeld et al,® reported that toothbrush con-
tamination can be influenced by many factors, such as the
type of dentifrice with chemical products that inhibit cer-
tain microorganisms or present anti-enzymatic properties.
According to Gilbert, after the use of a dentifrice con-
taining triclosan, this antibacterial agent can continue to
adhere to the toothbrush when incorporated by residual
dentifrice not removed with toothbrush rinsing or directly
adhered to the bristles.

However, dentifrice effect on bristle contamination has
been examined in very few studies. Verran et al,* reported
its effect on enterococci, streptococci, and total staphylo-
cocci, and Warren et al,® evaluated the effect of Colgate
Total on periodonto-pathogenic microorganisms (Actino-
bacillus actinomycetemcomitans, Porphyromonas gingivalis,
and Prevotella).
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The comparison of the present study with the literature
is not possible because there are no studies evaluating the
effect of dentifrice on bristle bacterial contamination by
cariogenic microorganisms in children’s toothbrushes. This
study provides somewhat interesting pilot data to indicate
that the use of antibacterial or fluoride-containing denti-
frices may influence the potential contamination of
toothbrushes in between use. Thus, additional studies
should be performed to evaluate different dentifrice brands
and compositions containing antibacterial agents to reduce
toothbrush contamination as well as various species of bac-
teria, viruses, and fungi.

Conclusions
1. Toothbrush bristles were contaminated by MS after
only a single use.
2. The dentifrice containing triclosan significantly re-
duced bacterial contamination of the toothbrushes
and can be indicated to reduce bacterial contamina-

tion of children’s toothbrush bristles by MS.
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