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ABSTRACT

bjectives: To evaluate the microbial contamination of pacifiers by Mutans Streptococci

(MS) and the efficacy of different methods for their disinfection. Methods: Twenty-eight
children were assigned to a 4-stage changeover system with a 1-week interval. In each
stage, children received a new pacifier and the parents were instructed to maintain their
normal habits for 1 week. After this time, the pacifiers were subjected to the following 4
disinfection methods: spraying with 0.12% chlorhexidine solution, Brushtox® or sterile tap
water, and immersion in boiling tap water for 15 minutes. Microbiological culture for MS and
Scanning Electron Microscopy (SEM) were performed. The results were analyzed statistically
by Friedman’s non-parametric test («=0.05). Results: The 0.12% chlorhexidine spray was
statistically similar to the boiling water (p>0.05) and more effective than the Brushtox®
spray and control (p<0.05). The analysis of SEM showed the formation of a cariogenic
biofilm in all groups with positive culture. Conclusions: Pacifiers become contaminated by
MS after their use by children and should be disinfected routinely. Spraying with a 0.12%
chlorhexidine solution and immersion in boiling water promoted better disinfection of the

pacifiers compared with a commercial antiseptic toothbrush cleanser (Brushtox®).
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INTRODUCTION

The use of pacifiers is increasingly widespread in
different modern cultures?®, being recommended’
recently since pacifier sucking calms down children,
reduces crying, improves sleep®, has analgesic
effects, partially supplies the need for suction,
and reduces the risk of sudden death in the first
6 months of life?*. Furthermore, most pieces of
evidence do not support any adverse relationship
between pacifier use and breastfeeding duration
or exclusivity!t8,

Pacifiers are in contact with saliva and oral
microflora and can be a site for contamination,
growth, and transmission of microorganisms in
children3. Their use has been associated with the
occurrence of otitis media??, candidiasis!?, intestinal
parasitic infections3, and dental caries!®?%, As
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Mutans Streptococci (MS) are the main etiologic
agents of dental caries in humans??, their adhesion
to the pacifier’s surface may increase the risk of
caries in children.

In everyday life, pacifiers are not always
subjected to disinfection after their use, only
being washed in running water and dried. To the
best of our knowledge, two in vitro studies?!®
have evaluated the contamination of pacifiers
by cariogenic microorganisms and the use of
disinfection methods so far, but no in vivo study
has been conducted.

Considering chlorhexidine is seen as the gold
standard antimicrobial agent!*, a commercial
antiseptic containing activated ethanol with
biocides called Brushtox® has been recommended
for cleaning toothbrushes?®, and also that mothers
usually boil their children’s pacifiers before use,
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there is clinical applicability in evaluating the
efficacy of these disinfection methods. Thus, the
aim of this clinical study was to evaluate, in vivo,
the microbial contamination of pacifiers by MS and
the efficacy of these different methods for their
disinfection.

METHODS

The present study was approved by the Ethics
Committee (Process no. 2001.11.384.58.8) and
written informed consents were obtained from all
parents or guardians.

Twenty-eight children aged 2 to 4 years that did
not receive previous dental treatment and did not
make use of antibiotics or mouthwash solutions in
the last 3 months participated in this study.

First, both parents/guardians and children
received information on the importance of oral
health. By using a table of random numbers, the
children were assigned to a 4-stage changeover
system with a 1-week interval between each stage.
In each stage, the children used a new latex-based
pacifier (Neopan® Artigos Infantis Ltda, Santo
André, SP, Brazil) for 1 week. By the end of the 4
stages, each child had used 4 pacifiers subjected
to the following 4 disinfection methods: spraying
with 0.12% chlorhexidine solution (Periogard®,
Colgate Palmolive, Kolynos do Brazil Ltda, Sao
Paulo, SP, Brazil) six times (0.6 mL), with Brushtox®
Antiseptic Toothbrush Cleanser Spray (Dentox
Limited, Warwickshire, England) or sterile tap water
(control), and immersion in boiling tap water for 15
minutes. Periogard® and water were applied using
a sterile plastic trigger spray bottle. One single
professional performed all disinfection methods.
Solutions were used in all stages, but each of them
was used by a different group of children in each
stage to minimize the occurrence of bias, which
could interfere in the results.

After the use of disinfection methods, the
pacifiers were individually stored in sterile closed
containers for 1 h and subjected to microbiological
processing. Three pacifiers (additional control) were
removed from their original packages, not being
used by children, and then subjected to the same
microbiological procedures to verify if contamination
could occur during manufacturing and/or packaging
processes.

Microbiologic analysis

All pacifiers were placed in Borel’s tubes
containing 25 mL of bacitracin sucrose broth, which
is a specific selective enrichment broth for MS
prepared without trypan blue for 3-4 days at 37°C?¢
24,25 Next, the pacifiers were gently withdrawn
from their packages and were rinsed in the broth
under gentle shakings to remove planktonic
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microbiota, leaving sessile bacteria adhered as
“spike” or “mushroom-like” colonies/biofilms. All
sides of the pacifiers were analyzed and the sessile
colonies/biofilms of MS adhered to latex’s surface
(based on colony morphology) were counted by a
blinded examiner under aseptic conditions, using
a stereomicroscope (Nikon, Tokyo, Japan) with
reflected light.

The number of colonies/biofilms of MS on the
surface of latex after microbial culture was counted
and expressed according to a 4-point scoring
system: 0 for no MS colonies/biofilms or no bacterial
growth; 1 for 1-20 colonies/biofilms of MS; 2 for
21-50 colonies/biofilms of MS; 3 for >50 colonies/
biofilms of MS, which includes intense bacterial
growth with confluent colonies, not allowing an
accurate counting.

A sequence of steps was followed to confirm if
microorganisms on the latex surface were MS: 4
to 5 colonies/biofilms representing bacterial growth
were collected, transferred to tubes containing
glass beads and 2 mL of phosphate buffer saline
solution, and vortexed for 2 min; the resulting
suspension was seeded on modified SB-20 culture
medium (Sucrose-Bacitracin Agar - SB-20M)?23:24
and incubated in microaerophilia at 37°C for 72 h.
The colonies/biofilms were subjected to biochemical
identification by tests using sugar fermentation,
resistance to bacitracin and production of hydrogen
peroxide?,

The microbiological results were analyzed
statistically with Friedman’s non-parametric test at
a significance level of 5%.

Scanning electron microscopy (SEM)
analysis

After microbiological processing, 4 representative
pacifiers of each group were fixed in 4%
glutaraldehyde in cacodylate buffer, pH 7.4, at
37°C. After 48 h, a sample of the latex surface
of each pacifier was removed, post-fixed with 2%
osmium tetroxide for 4 h, dehydrated in ascending
ethanol grades, and critical-point dried with liquid
carbon dioxide. Samples were mounted on stubs,
sputter-coated with gold, and examined on a
scanning electron microscope (DSM 940A; Zeiss,
Jena, Germany) operated at 15 kV to evaluate the
presence or the absence of contamination.

RESULTS

Microbial culture
The microbiologic results relative to the
contamination of pacifiers by MS after 0.12%
chlorhexidine, Brushtox® and tap water spraying,
and immersion in boiling water are in Table 1.
Colonies/biofilms of MS were present in
5 (17.86%) of the 28 pacifiers sprayed with
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chlorhexidine, whose score was of 2 (3.58%),
while the others scored 1. The number of colonies/
biofilms ranged from 1 to 50. When Brushtox® was
used, colonies/biofilms of MS were present in 18

(64.29%) of the 28 pacifiers, with scores from 1 to
3. The number of colonies/biofilms ranged from 1
to more than 50. After immersion in boiling water
for 15 minutes, 6 (21.42%) of the 28 pacifiers have

Table 1- Number of colonies/biofilms of mutans streptococci counted on the surface of pacifiers used for 7 days, according
to the scores attributed for each disinfection: 0.12% chlorhexidine solution spray, Brushtox® Antiseptic Toothbrush Cleanser
Spray, immersion in boiling tap water for 15 minutes or sterile tap water spray

Case 0.12% chlorhexidine Brushtox® Boiling water Tap water spray

spray

0

© 00 ~NO U WwN PP

I S
A WN PO

NDNNNDNDNNDNNDNDNERERE PR R
~NOoO OB WNPEFE O OOWwWNO O
ONOOOO0OO0ODO0OO0OO0OO0O0ODO0OO0OPFPOO0OO0OO0ORFrL, O, OOFRKr oo

N
(o]

OFRP WRPR FPNOORFROOOORRPRRPRORRPFPRONERRPEPWEREPR

0

O 000000000000 OO0OO0OOROF OOOROLPR R
FRPNRPRPNRPRPORRPRPLONNORRPEPNRNNRREREWLER

Total 5 (17.85%) 18 (64.28%) 6 (21.42%) 28 (100%)

Figure 1- 0.12% chlorhexidine spray — Colonis/biofilms of Mutans streptococci after microbial culture (A) and scanning

electron microscopy micrograph (B)
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showed MS colonization of score 1, with the number from 1 to 3. Seventeen (60.71%) pacifiers scored
of colonies/biofilms ranging from 1 to 20. The total of 1, 7 (25%) scored 2, and 4 (14.29%) scored 3.
28 (100.0%) pacifiers sprayed with sterile tap water Figures 1A-4A show representative pacifiers of the
ended up being contaminated with MS, ranging from 4 disinfection methods, respectively. There was no
1 to more than 50 colonies/biofilms, with scores bacterial contamination in the 3 non-used pacifiers

Figure 2- Brushtox® - Colonies/biofilms of Mutans streptococci after microbial culture (A) and scanning electron microscopy
micrograph (B)

Figure 3- 15-minute immersion in boiling water - Colonies/biofilms of Mutans streptococci after microbial culture (A) and
scanning electron microscopy micrograph (B)

Figure 4- Sterile tap water spray - Colonies/biofilms of Mutans streptococci after microbial culture (A) and scanning electron
microscopy micrograph (B)
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after incubation.

Regarding microbial contamination of the
pacifiers’ surfaces, there were significant differences
between the 0.12% chlorhexidine solution,
Brushtox®, and immersion in boiling water in
comparison with the sterile tap water (control)
(p<0.05). The 0.12% chlorhexidine spraying
had similar efficacy when compared with the
15-minute immersion in boiling water (p>0.05);
both methods had better efficacy (p<0.05) than
Brushtox® spraying. Sterile tap water spray, by its
turn, presented the worst results (p<0.05).

SEM analysis

When microbiological culture was positive under
stereomicroscopy, colonies/biofilms of MS were
also observed in the surface of pacifiers by SEM.
Figures 1B-4B show representative pacifiers of the
4 disinfection methods.

DISCUSSION

Pacifiers are in contact with saliva and, therefore,
with the oral microflora, being a potential site for
biofilm growth'!3, As the microorganisms forming
the dental plaque are components of the oral
microflora, it may be hypothesized that they also
adhere to the material of the pacifier's nipples3.
In the present study, intense MS colonization
was observed in the surface of pacifiers by both
microbial culture and SEM analysis.

The enrichment medium for MS used in the
present study was the SB-20M, with and without
agar, which has been widely used in previous
studiest6:21:23-25 Bacitracin and high concentrations
of sucrose are the main ingredients, allowing the
growth and the identification of MS. The growth of
oral streptococci, except for MS is inhibited by the
bacitracin that is an antibiotic. The SB-20M medium
is easy and inexpensive to prepare when compared
with other selective media, also being reliable for
the direct identification of MS2324,

The importance of assessing the presence of
microbial biofilms, specifically from the health
standpoint, is that caries are still present in a
large number of children. Despite being related
to multifactorial conditions, such disease does not
occur without the presence of microorganisms. In
addition, studies®?® have demonstrated that the
earlier the colonization of children’s oral cavity by
MS (and the bigger its intensity), the higher the
risk of developing dental caries.

In the present study, it was demonstrated that
all pacifiers sprayed with tap water after their use
were contaminated with MS. According to Ollila, et
al.1?20 (1997, 1998), extended pacifier sucking is a
potential risk factor for dental caries in children, as
this habit may modify the environmental conditions
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of the mouth because of the increase of available
locations for microbial retention. This situation could
be compared with a partial removable orthodontic
appliance, which also contributes to microorganism’s
retention, creating low pH conditions in the mouth
for extended time?!. For this reason, Comina, et
al.? (2006) stated that an accurate disinfection of
pacifiers is mandatory to limit contamination.

Brushtox® Antiseptic Toothbrush Cleanser is a
product based on ethanol (40% v/v) and a biocide
(paraben) with antimicrobial activity against
bacteria and fungi on toothbrushes in vitro'°.
However, in the present study, 64.3% of in vivo
pacifiers were contaminated after the application
of this product and, despite being was superior to
the control (tap water), the use of Brushtox® was
less effective for the disinfection of pacifiers than
0.12% chlorhexidine spraying and boiling water.
These results are in accordance with those of a
previous clinical study on toothbrushes in which
0.12% chlorhexidine showed better results than
Brushtox® (p<0.01) regarding the formation of
colonies/biofilms of MS in the toothbrush bristles?e.

Considering that the most indicated product
for disinfection of toothbrushes is chlorhexidine®s,
this substance was also successfully tested in
vitro for disinfection of pacifiers contaminated by
Streptococus mutans in two previous studies?'’.
Chlorhexidine is an antimicrobial agent with
action against Gram-positive and Gram-negative
microorganisms, facultative and strict anaerobes
and aerobes. The S. mutans is highly sensitive to
this agent>®. According to the results of the present
study, 0.12% chlorhexidine spraying had an 82.14%
efficacy in eliminating MS from pacifier’s surfaces.
There was no significant difference between
spraying 0.12% chlorhexidine and boiling water for
15 minutes, both procedures being equally effective
in disinfecting pacifiers. According to the authors,
however, the use of the 0.12% chlorhexidine spray
seems to be more advantageous because it can be
performed very quickly, optimizing the time spent
with baby care; it is also safer, as the use of boiling
water involves the risk of burns and reduces the
expenses on gas and water, two exhaustible natural
resources.

The question about selection for microbial
resistance to chlorhexidine is controversial in
dependence on frequency of use. Although some
studies demonstrated no emergence of resistant
microflora?’, other studies reported that exposure to
sublethal doses of chlorhexidine with high frequency
can lead to the development of resistant strains*
and that some strains could have the potential
to develop tolerance after prolonged exposure!®.
However, it is highlighted that, for the disinfection
of pacifiers, the adverse effects of chlorhexidine
are reduced because the application is performed



Microbial contamination and disinfection methods of pacifiers

outside the mouth (not by mouthwash), with
no direct exposure of the mucosa, followed by
thorough washing. It is recommended that, before
use, the pacifier should be scrupulously washed with
running tap water to remove dead microorganisms
and residues of the antimicrobial agent.

In the present study, only one application of
chlorhexidine was performed, justifying the need for
additional studies to establish the ideal frequency
of use (if one, two or three times per week or even
daily, for example). As demonstrated by Peixoto, et
al.?t (2011), the 0.12% chlorhexidine spray once
or twice a week was equally effective on reducing
the contamination by MS of removable orthodontic
appliances.

Hospital and nurseries give strict instructions for
the disinfection and sterilization of feeding bottles,
but they do not provide similar instructions for
pacifiers. Strict rules of hygiene and an efficient
antibiofilm cleaning protocol should be established
to address parents’ concerns on the safety of
pacifiers.

CONCLUSION

According to the results obtained, it was
observed that cariogenic microorganisms colonize
pacifiers and, therefore, it is strongly recommended
to perform disinfection by boiling water for 15
minutes or, preferably, spraying an antimicrobial
agent such as the 0.12% chlorhexidine, which
is a safe, of low-cost, and practical method of
disinfecting pacifiers.
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