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Abstract

Objective: To evaluate the best strategy for pacifier disinfection methods. Material and Methods: The
literature search was conducted on MEDLINE/PubMed, Scielo, Lilacs, Web of Science, and Scopus
databases to find all relevant articles published over the past 20 years, based on PRISMA guidelines. Two
reviewers extracted data independently by using a standardized form. The following factors were recorded:
country of study, type of study, pacifier material, sample number, microorganisms analyzed,
decontamination methods used, method accessibility and results found. Results: A total of 121 articles were
obtained from all databases. The selected documents underwent a final screening, resulting in 8 articles.
The method of disinfection analyzed by the literature were: 3.5% neutral detergent, apple cider vinegar 70%
spray, boiling water during 15 minutes, sodium hypochlorite 2.5, hydrogen peroxide 70% spray,
chlorhexidine 0.12%, Brushtox®, sterile water and microwave. Conclusion: Because of the broad methods
for pacifier disinfection and different levels of accessibility to disinfectant agents, the pacifier consensus for
decontamination remains unclear. Although the disinfection methods are diverse, the methods suggested to
its disinfection were identified and described in this article.
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Introduction

Pacifier use is increasingly widespread in different modern cultures [17, being one of the most
common non-nutritive sucking habits of children. They are used for various purposes, including the fact that
they soothe the child, favoring sleep and providing their physiological and psychological needs [27]. Regarding
the potential benefits and risks of its use, there are controversial data [37, because, in addition to the benefits,
the association with microorganisms must be considered, as it is a vehicle of contamination and transmission
[8,47.

Nowadays the humanity is facing a new challenge: to live with the new coronavirus SARS-CoV-2.
Although the children are usually asymptomatic for COVID-19, to the younger ones should be given high
attention since the number of cases on this group are significantly high due to they do not wear masks and
have not taken other special preventive and control measures [57]. Moreover, the pacifier could be considered a
transmission way once it is in narrow contact with the mouth and the face. Pacifiers are in contact with saliva
and oral microbiota, which leads to the development of microbial biofilms on their surfaces [4,6,7]. Pacifier
falls are frequent, which exposes them to a wide range of microorganisms, and it is often returned to the mouth
without prior cleaning and disinfection [47]. Pacifier use has also been associated with other diseases and
pathologies in children, such as fungal infections [77] and intestinal parasitosis [4].

Considering this potential for contamination and transmission of microorganisms, especially the
SARS-CoV-2, proper disinfection of pacifiers is essential [4,8,97, as it is not always performed correctly in
everyday life and it is only washed in running water and dried [107. There are limited studies worldwide on
these disinfection methods and their effectiveness in reducing contamination. The goal should not be to
discourage use, but to ensure that the pacifiers are disinfected 117, to promote oral health and to prevent oral
infections in children [97.

Given these needs, the aim of this study was to conduct a review on pacifier disinfection methods
determining whether there is a literature consensus on it and whether there is a method that meets all expected

results, by identifying all the methods suggested to its disinfection.

Material and Methods
Study Design

This review was conducted and reported according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [127]. The first phase of this systematic review involved the
development of a question to guide the study: "Is there a consensus on pacifier decontamination?" This
protocol was completed and submitted at the Prospective International Registry of Systematic Reviews

(PROSPERO), before starting the literature search with ID number 152011.

Search Strategy

As search strategies, we conducted a survey in the databases of MEDLINE/PubMed, Scientific
Electronic Library (SciELO), Latin American and Caribbean Health Sciences (LILACS), Web of Science and
Scopus, that have published scientific studies from recent studies 20 (twenty) years. The Medical Subject
Headings (MeSH) descriptors used were "pacifier", "disinfection", "biofilm" and "microbiology", and to
perform the search, the term "pacifier" was associated with the others, by using the Boolean operator "AND".
So, the equations were structured as follows: (pacifier and disinfection); (pacifier and biofilm); (pacifier and

microbiology).
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Inclusion and Exclusion Criteria

Were considered eligible studies related to pacifier disinfection, and published from January/1999 to
October/2019. No language restrictions were applied. Inclusion criteria were: studies that analyzed different
types of pacifier disinfection independently from the method used, with at least a comparative group. Exclusion
criteria were: (1) addressed a topic other than that of interest in this paper; (2) studies that only observed

pacifier contamination and /or biofilm formation; and (3) were repeated studies.

Study Selection

Articles were selected in two phases. The two reviewers (VS and DL) independently examined
separately the titles and abstracts of all references in order to eliminate obviously irrelevant studies in phase 1.
In case of difference, a consensus was decided by the supervisor (FM). In phase 2, the full texts were
independently reviewed separately and selected accordingly. A second reviewer (DL) performed the same

process. Disagreements were also resolved by the supervisor (FM).

Data Extraction and Analysis

Two reviewers (VS and DL) extracted data independently by using a standardized form. The
following factors were recorded when the information contained in the reviewed articles was available: country
of study, type of study, pacifier material, sample number (n), microorganisms analyzed, decontamination
methods used, method accessibility and results found. In case of difference, a consensus was decided by the
supervisor (FM). Owing to the studies heterogeneity, no meta-analysis could be achieved, but study

characteristics and results were qualitatively analyzed.

Study Quality Assessment

The methodological quality of the studies was independently evaluated by the two reviewers (VS and
DL). Difterences were resolved with the supervisor (FM).

The risk of bias was assessed according to: randomization of the selected pacifiers, use of a disinfection
control material (sterile water), similar sample size, clearly described protocol, selection of more than one
disinfection method and statistical analysis. If the study had the item, it received a "yes" and if there was no
information, it received "no". For one to two "no", the study was considered as “low risk of bias”; for three or
four was considered as "average risk of bias"; for five to six yes, the study was considered "high risk of bias".

Disagreements between the reviewers in relation to quality assessment were resolved by supervisor (FM).

Results
Search Results

The association of the descriptor “pacifier” was performed with the other terms and, initially, 121
articles were obtained from all databases. After excluding duplicate studies, 56 were selected for reading, as
they had at least one of the defined keywords in their title or abstract. The respective documents were
submitted to an initial screening considering the following aspects: summary, disinfection methods used and
the relevance of the results, which resulted in 11 studies obtained. The selected documents underwent a final
screening through the complete reading in order to verify if they met the inclusion and exclusion criteria,
resulting in 8 articles. Figure 1 shows a flowchart describing the process of identification, selection, eligibility

of studies and inclusion.
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Figure 1. Flow diagram showing the retrieval process of studies included in the review.

Study Features
Among the 8 studies, seven were in vitro experimental [3,8,9,11,13-157] and a transverse one [10].
Selected studies were conducted in Brazil (5) [3,8,10,18,157], South Africa (2) [9,11] and India (1) [14].

Sample sizes ranged from 10-50 8,183,157, 51-100 [8,9,147 and 101-160 [10,117].

Results of DisinfectionTechniques
All selected studies analyzed some method of pacifier disinfection.
% 3.5% Neutral Detergent: Submitted on a mechanical agitator for 1 minute. Effective control of C. albicans
was obtained, reducing contamination by 100% [87.
< Apple cider vinegar 70% spray: It has been applied twice to all sample surfaces. A statistically significant
reduction of viable cells was observed in S. aureus, S. pyogenes, S. mutans and E. coli biofilms [137]. All
pacifiers contaminated with C. parapsilosis and treated with apple cider vinegar remained contaminated
117
% Boiling water during 15 minutes: Effective control of C. albicans was obtained, reducing contamination by
100% [87, as also demonstrated by other authors, whose findings revealed that five minutes of boiling
water was sufficient to observe disinfection in a pacifier contaminated with S. mutans and C. albicans [157].

Other authors concluded that it is highly recommended to disinfect pacifiers in boiling water for 15

minutes in order to eliminate cariogenic microorganisms from pacifiers [107].
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Sodium hypochlorite 2.5%: Immersion in 10 mL of sodium hypochlorite for 5 minutes. Effective control of
C. albicans was obtained, reducing contamination by 100% [87].

Hydrogen peroxide 70% spray: It has been applied twice to all sample surfaces. It was able to reduce
viable Enterobacteria ceae cells from the microcosm biofilm [137.

Chlorhexidine 0.12%: Effective in removing S. epidermidis and C. parapsilosis (117, C. albicans [97] and S.
mutans [3,9,147]. According to previous authors, it is highly recommended to disinfect pacifiers by
spraying an antimicrobial agent such as chlorhexidine 0.12% [107.

Brushtox®: In an earlier study, it was effective in removing S. epidermidis and C. parapsilosis (117,
contradicting the results obtained by other researchers [107.

Sterile water: It has been shown that vigorous cleaning with plain water alone is not sufficient to

eliminate pacifier contamination [117. The sample treated with sterile water remained contaminated [117]

as demonstrated by other authors [3,9,10,147.

Microwave: Microwave energy was sufficient to observe disinfection in a pacifier contaminated with C.

albicans 9,157 and S. mutans [3,9,14,15 7. The relevant data from the articles were displayed in Table 1.

Quality Assessment

Among the seven studies included, five had a low risk of bias [8,8,9,11,187 and two had a medium risk

[10,157 (Figure 2). Three studies did not use sterile water as a control material, all of which used more than

one disinfection method in the tests. Only one study showed no bias under analysis [87].
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Figure 2. Risk of bias summary: authors’ assessment of each risk of bias item.

Discussion

Pacifiers, widely used by children, are constantly in contact with saliva and mouth microorganisms4.

They can be considered a vehicle for contamination and microbial transmissions, especially the SARS-CoV-2,

which requires their correct hygiene [4,8,97. Moreover, children are very special susceptible group for

COVID-19 due to the immaturity of their immune systems [167] and close family contacts been susceptible to

cross-infection [177. Since the SARS-CoV-2 can be transmitted by aerosols and close contact, attention in

pacifier disinfection must be reinforced during the pandemic times.

@
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Table 1. Data from manuscripts.

Auth: T f Microbiological
uthor Country Jpe © Pacifier = N  Microorganisms Decontamination Type 1eroblo (?glc Conclusion
(Year) Study Analysis
- Sodium Running water (1st step) can be
. N . . . .
Lopes etal Brazil In Vitro Silicon 24 C. Albicans Sterile water el Boiling hypochlorit  Viable Count considered only if others are not
(2019) [8] detergent water .
e 2.5% possible.
Pedroso et S. mutans, S. . Hydrogen 70% hydrogen peroxide has been
. . . Apple Cider ‘ . .
al. (2018) Brazil In Vitro Silicon 24 pyogenes, S. aureus . Peroxide - - Viable Count shown to be a good alternative to
. Vinegar (70%) o .
[13] and E. col (70%) chlorhexidine digluconate.
Molaudzi . L. Chlorhexidine Brushtox® and chlorhexidine were
h S. epidermid, d i i
and Molepo Sou-t In Vitro Silicon 160 cprderm . » ‘_m 0.12% (GUM  Brushtox® A-p ple Cider Sifeinle Viable Count efficient for the elimination of C.
Africa C. parapsilosis. Vinegar (5%) water .
(2017) [11] Paraoex) parapsilosis.
Nelson-Filho Cross- Chlorhexidine Boilin Boiling water for 15 minutes or
etal. (2015)  Brazil  Sectional /  Latex 112 S. mutans 0.12% Brushtox® Sterile water ¢ & SEM 0.12% chlorhexidine showed the
water
[10] In Vitro (Periogard) best result.
- Microwave better at eliminating C.
M hlorh
olepo an.d South . .. C. Albicans and S. Chlorhexidine Microwave . . albicans / Microwave and 0.12%
Molaudzi . In Vitro Silicon 72 0.12% (GUM Sterile water - Viable Count L .
Africa mutans 750W Chlorhexidine equally at eliminating
(2015) [9] Paroex)
S. mutans.
Nelson-Filho Chlorhexidine Chlorhexidine spray (0.12%) and 7
etal. (2011)  Brazil In Vitro Silicon 60 S. mutans 0.12% Microwave Sterile water - SEM min microwave irradiation were
£s] (Periogard) effective.
Silva et al. . . Latex / C. Albicans and S. . . }f‘lve minutes of boiling wat.e ror
Brazil In Vitro . 40 Boiling water ~ Microwave - - SEM microwave energy was sufficient to
(2008) [15] Silicon mutans

observe disinfection.
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A variety of disinfection methods that could be used to the pacifier decontamination are available such
as antimicrobial solutions (chemicals: chlorhexidine, triclosan, cetylpyridinium chloride, listerine and several
dentifrices; natural agents: garlic and tea tree oil extracts) and radiation (microwave, ultraviolet rays) like it
has been used to toothbrushes disinfection [187. However, different authors related the effectiveness of just
some of them. So, this systematic review was conducted to determine whether there is a literature consensus on
it and whether there is a method that meets all expected results, by identifying all the methods suggested to its
disinfection.

Pacifier nozzles may be made of latex or silicone. Currently, silicone nozzles are the preferred ones are
the silicone ones, because since they have lower allergenic potential, due to the lower roughness and microbial
adhesion [6,77]. Although the latex surface was more irregular than the silicone surface, becoming a potential
biofilm reservoir and, consequently, a niche of infection [67, the silicone pacifiers still have had potential for
microorganism adhesion and may be a considerable source of infection [4,77]. However, it is proved that after
disinfection procedures, the latex pacifiers showed much more pores and roughness on the surface than those
without heat treatment [157.

From a social point of view, disinfection methods should be effective, simple, inexpensive 37, non-
toxic and especially easily implemented [187. Despite these diverse and distinct categories that a disinfection
method should present, there are limited studies worldwide committed to finding the ideal method [117. Our
results corroborate this reality and go further. While just a simple criterion (types of pacifier disinfection) was
required, not without considering its applicability or effectiveness, only eight studies were eligible in a long
period of twenty years of use. Nevertheless, the articles obtained, only Brazil and South Africa seem to be
concerned with the disinfection of pacifiers. We are disregarding the only article from India included in the
study, because when evaluating all the articles in full, we realized that its content was the same as a work, also
included here, produced in another region and previously published. Taking advantage of this fact, it is
important to reinforce the relevance of conducting systematic reviews to critically evaluate the content of
published articles, to verify the pertinence and synthesis of the findings, as already claimed by other authors
197

Regular application of cleaning and disinfection procedures is a common strategy used to control the
installation of pathogenic microorganisms. Despite only few studies retrieved, this systematic review revealed
that there is a wide variety of disinfectant agents used for the pacifier disinfection, which have benefits
advantages and disadvantages. Many of the procedures described in the articles were adapted from other
protocols, since there are different protocols used for general decontamination of products and utensils for
human use [207]. From the analyzed articles, nine strategies of microbial control were identified, being used
solutions and products with thermal, chemical, mechanical and chemomechanical actions.

Although many studies have described various decontamination protocols/agents, only a few
microorganisms have been tested. The fungi and the bacteria analyzed were always from the same genus,
Candida and Streptococcus, respectively; both are microorganisms commonly found in the oral microbiota. On
the other hand, whether there was a consensus of microorganisms, the microbiological analysis strategy was
different: three studies used Scanning Electron Microscopy — SEM [8,10,157] and four used viable count
method [8,9,11,187. SEM analysis is a suitable tool not only for observing in detail the substrate morphology,
but also for monitoring bacterial adhesion and biofilm formation on a biotic surface [217. Viable count method

is a sensible method for analysis of live microorganisms [227, which has been used for decades.
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Taking all of this into account, considering the variability of the analysis, it is necessary to evaluate
the disinfection method that stands out in the regarding the advantages and that can be easily reproduced by
the population. Considering these characteristics, the use of antimicrobial sprays in the daily routines
interesting because it is a practical and convenient alternative [137. As it is true, from the seven articles
evaluated, five studied the disinfection efficiency by using this method. The advantage of a spray application is
that it is quick and easy to apply and provides a clean, fresh portion of the solution each time it is used, while in
the dipping process, the solution becomes quickly contaminated and needs frequent replacement [237.
Moreover, the efficiency of disinfection depends of the agent used. There is no consensus for the better agent
for the spray uses.

Another strategy for pacifier decontamination widely used by children’s parents is the vigorous
cleaning method using only sterile water. However, it has been shown to be insufficient to eliminate total
contamination of a pacifier [8,107] nor contamination by planktonic cells [3,9,117, which confirms that only
water is not effective in eliminating contamination by bacteria and fungi [4,7]. These results indicate that
water can be used as a control in vitro tests in order to evaluate the effectiveness of different disinfection
protocols (physical and chemical) prior to in vivo evaluations [37.

Otherwise, when using boiled water, some authors obtained total disinfection of the pacifier surfaces
under analysis, boiling within 15 minutes [8,107] and 5 minutes [157. It corroborated the results obtained in a
systematic review and meta-analysis, whose authors confirmed that the use of boiled drinking water
contributes to the inactivation of pathogens, regardless of organism groups [24].

It is suggested as an option to washing the pacifiers daily with running water and neutral detergent,
with vigorous mechanical action for at least 5 minutes [87]. Positive results were also found by previous
authors when using the product, following this protocol [257]. Alternatively, the object can be rested in a
container with 2.5% sodium hypochlorite for 5 minutes, as this agent was effective in total disinfection of
pacifiers [87], as well as in toothbrushes [267].

Antimicrobial substances presenting low-cost, low-toxicity, and ease to apply, that are commonly
found at home or readily available on the market, should be considered [277]. Hydrogen peroxide spray 70%
and apple cider vinegar spray were able to eliminate viable cells from bacterial biofilm [18,277].

Brushtox® is a solution of activated ethanol (40% v/v) and a biocide (parabens) consider an eftective
disinfectant for toothbrush bacteria and fungi decontamination [237. Regarding pacifier decontamination, its
efficiency is controversial, with positive [117] and negative results already described [107]. Therefore, it is
necessary to evaluate its cost, accessibility, and disadvantages that may limit the widespread use by the
population [277].

The chlorhexidine solution (0.12%) is proposed to be used in various ways [287] and purposes,
including toothbrushes disinfection [297. It also has been shown to be effective in eliminating pacifier
microorganisms [8,9-117. However, its use is controversial, mainly especially due to the cost when compared
to other disinfection solutions. These disadvantages may limit their widespread use, especially in low-income
populations [8,257].

In addition, there is the issue of chlorhexidine-related microbial resistance, which is still controversial
[287. If some studies have not shown the emergence of resistant microorganisms 307, others have reported
that some strains may have the potential to develop tolerance following prolonged exposure to chlorhexidine

[817]. However, it is noteworthy that, for pacifier disinfection, the adverse effects of chlorhexidine are reduced,
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since the application is performed outside the mouth and without direct mucosal exposure [107. Therefore, it is
necessary to analyze the cost-benefit of using this antimicrobial agent.

Another protocol for pacifier disinfection was microwave. It is an optional and easy procedure and can
be used to eliminate or reduce the presence of pathogenic microorganisms on the pacifier surface [157. It has
also been shown to be effective in disinfecting other dental materials, such as orthodontic instruments [327.
The microwave at power level 7 (corresponding to 70% of total power) for 7 minutes was effective in pacifier
disinfection [8,87, considering S. mutans and C. albicans contamination for 7 minutes. The microwave, at full
power for 5 minutes, also obtained effective pacifier disinfection [157]. However, it must be evaluated with
caution due to the different parameters (power levels and the models) of the microwave models.

Considering the quality assessment of studies included, the results suggest a good quality overall,
since no one showed a high risk of bias. However, the control group must be better evaluated in future works,
once three studies did not use sterile water. Nevertheless, for our analyses of pacifiers’ disinfection mode, they

were all appropriated once they tested different types of methods.

Conclusion

Nowadays, there is no consensus on pacifier disinfection due to the diversity of protocols proposed
using different agents and strategies. Different methods present distinct advantages and disadvantages. So, it is
important to evaluate the method to be used depending on the frequency of pacifier use, the place where it was

dropped and family's accessibility to disinfectant agents.
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