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ABSTRACT

Introduction

Non-nutritive pacifiers are used worldwide for infants to pacify them and provide comfort. In
addition, pacifiers have analgesic effects on infants who are in pain, assist preterm babies in the
development of sucking reflex and reduce the incidence of sudden infant death syndrome. They
are usually sucked by the infant for a period of time during the day when it can become
contaminated with saliva, oral microflora, pathogens and environmental bacteria. These bacteria
form a biofilm on the pacifiers which is constantly fed by salivary compounds. Latex pacifiers
are known to harbour increased numbers of contaminants compared to the silicon pacifiers
because of the rough surface, flexible texture and susceptibility to micro-cracks. The immune
systems of infants are not fully developed during these early years of life, and therefore infants
who use pacifiers are known to have increased episodes of diarrhoea, common cold and flu.
General cleaning and disinfection of pacifiers is important in the prevention of infections. The
aim of this study was to evaluate the efficiency of various commercially available sterilizing

systems and disinfection procedure in the decontamination of artificially contaminated latex and

silicon pacifiers.

Methods

Each of the 54 latex and silicon pacifiers was purchased. Cultures of Staphylococcus aureus,
Escherichia coli and Candida albicans were obtained from the Oral Microbiology laboratory and
cultured using blood agar for S. aureus and E. coli and Sabouraud agar for C. albicans. A set of 6
pacifiers were used per test round. Pacifiers were artificially contaminated with test organisms.

One pacifier was submerged into 150 ml sterile distilled water, mixed well using a magnetic



stirrer and a serial dilution technique was performed to obtain a quantity of organisms. These
counts were used as a control count for the number of challenged organisms. The second pacifier
was rinsed with tap water for 2 minutes, placed in 150 ml of sterile distilled water, centrifuged
and cultured for the quantitative analysis. The third, fourth, fifth and sixth pacifier was each
either boiled for 5 minutes, placed in hypochlorite containing Milton solution for 30 min,
microwaved for 8 minutes or placed in 2 % chlorhexidine solution for 2 minutes respectively.
Decontaminated pacifiers were placed in 150 ml of sterile distilled water, centrifuged and
cultured for the quantitative analysis. Colony counts were performed, percentage kill and log
reduction was calculated using the control counts. These experiments were repeated three times
for all three test organisms and the two types of pacifiers. Percentage kill of disinfectants were
compared using Kruskal Wallis nonparametric rank tests between the types of pacifiers, types of

test organisms and the disinfection procedure.

Results
The results showed that rinsing with tap water removed 99.34 to 99.80% (log reduction of 2.35

to 2.8), 98.66 to 99.87% (log reduction of 2.28 to 2.91) and 99.63 to 99.96% (log reduction of
2.75) of S. aureus, E. coli and C. albicans respectively. For all the test organisms, boiling and
microwaving obtained complete 100% kill. Milton showed a complete elimination of §. aureus
(100%) but failed to kill E. coli (99.99%) and C. albicans (99.94%) completely. Finally,
chlorhexidine completely eliminated S. aureus and C. albicans but was ineffective for E. coli
(99.99%). When the percentage kill of latex and silicon were compared no significant difference
was noted (p>0.05). Similarly, no significant difference in the percentage kill of S. aureus, E.
coli and C. albicans was seen (p>0.05) in either latex or silicon pacifiers. However, when the

methods of disinfection were compared to one another, all the methods performed better than



vi

water rinse (p=<0.01). Yet no significant difference was noted between boiling, Milton,

Microwave and chlorhexidine.

Conclusions

All the test methods including rinsing with water can reduce the number of contaminants.
However, boiling and the use of microwave can completely eliminate common pathogens. These
methods are cost effective, readily available and easy to use. Education to the care givers in the
day care centres and to mothers with regards to the contamination and decontamination of
pacifiers is important. It may reduce the transmission of pathogens and hence prevent and reduce

the onset of infection among the pacifier using infants.
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PREFACE

Pacifiers are used by 75-85% of infants in Western countries which has advantages
and disadvantages. One of the disadvantage of the use of pacifier is it becomes
contaminated with pathogens and therefore regular disinfection of pacifiers is
important. Many methods of disinfection are described and some are commercially
available. However, there efficacy against common pathogens have not been

comprehensively studied.

In this study latex and silicon pacifiers were artificially contaminated with
common pathogens Staphylococcus aureus, Candida albicans and Escherichia coli
and were disinfected using home disinfection techniques that are available and
commonly practiced. This study showed some interesting results suggesting some
effective, simple and cheap disinfection techniques.



The efficacy of home disinfection techniques for pacifiers

1 Introduction

Pacifiers/dummies/soothers are items designed for infants aged from around 2 weeks to around 5
years of age. They are used to pacify infants/toddlers when they are in discomfort; feeling
insecure or crying, when they are sick, have colic or are teething. Sometimes they are given just
before bedtime to sooth them. The pacifier is usually sucked by the infant for a period of time,
and at many times during the day. It simulates the mother’s breast nipple and therefore comforts
the child. This sucking motion involves creating a seal with the lips while sucking, and
swallowing at intervals. Once the pacifier has been introduced into the oral cavity, it comes in
contact with saliva and with the oral microflora of the oral cavity. The oral microflora is
composed of many different microorganisms including pathogenic species. The chemical
composition of the saliva serves as nutrients for these microorganisms. These microorganisms

including pathogenic species present in the saliva adhere to the pacifier and therefore the pacifier

becomes colonized.

When the pacifier is not in use, it is usually kept in a pacifier container, or chained and attached
to the infants’ clothes hanging free and in reach of the infant to reuse at leisure. This can allow
bacteria to grow on the pacifier between uses which could become potentially pathogenic to the
child. Over time this growth of bacteria may result in a formation of a biofilm which are
microbial aggregates included in an extracellular matrix (Costerton et al., 1999). Furthermore,
the pacifier can be contaminated with bacteria from the environment as they can stick to the
pacifier as children often drop the pacifiers on the floor. Parents or caregivers may suck on the

pacifier in attempt to clean it, and place it back into a child’s mouth. Sucking on a fallen pacifier



may remove loose dirt and sand, but further contaminates the pacifier with additional oral
bacteria from the adult. In daycare centers cross contamination between sick children can also
occur through the use of pacifiers. Therefore, it is important to remove the bacteria and prevent
the biofilm from maturing, since mature biofilm is more resistant to disinfection procedures. This

study investigated the efficacy of commercially available sterilizing systems and disinfection

procedures.
2 Literature Review

2.1 Pacifiers

Pacifiers are used by 75-85% of babies in Western countries (Niemela et al, 2000). They
constitute of a nipple, a shield/guard and a ring. The ring serves as a handle and is attached to the
shield. This ring/handle made of polycarbonate, lies extra orally and is the area designed to be
held when placing or removing the pacifier from the infant’s month. . The shield, also made of
polycarbonate, like the ring, lies extra-orally. It is generally 1.5cm in radius in all directions, as a
safety measure preventing the infant from swallowing or choking on the pacifier. Therefore, the
shield is sometimes referred to as a guard. Some pacifiers may have two perforations on either
side of the shield. These perforations serve as ventilation holes preventing saliva from collecting
behind the shield that can cause skin irritation and a rash around the infant’s mouth. The nipple is
the sucking part of the pacifier and is the part that is attached to the shield. It is made of silicon
or latex and the shape resembles that of a lactating mother’s nipple. These artificial nipples come
in two distinct shapes, the round shape pacifier known as the conventional pacifier and the one
with a flattened end on one side known as the orthodontic pacifier. Orthodontic pacifiers are

recommended by dentists due to the ergonomic shape. The flattened shape permits the tongue to



be accommodated, allowing a more natural sucking posture (Figure 2.1). Some researchers have

proved that the malocclusions seen in toddlers using these pacifiers are slightly less than, in

toddlers who used a conventional pacifier (Adair et al., 1992).

Conventional

Orthodontic

Figure 2.1: Conventional and orthodontic pacifier

2.1.1 Types of pacifiers

Two types of pacifiers are available, namely: latex and silicon (Figure 2.2). Silicon pacifiers,

being the sturdier type of pacifiers, are easy 1o clean (Redmond et al., 2009) and do not retain

odours. Although latex pacifiers are softer and more flexible than silicon pacifiers and therefore



often preferred by infants, this softness results in the pacifier being worn out easily resulting in
formation of micro cracks (Mainstone, 2004). These rough surfaces and micro cracks harbor
bacteria, making the latex pacifiers difficult to clean. A study has shown that latex pacifiers have
rugose and irregular surfaces which become colonized with microorganisms including Candida
albicans and C. parapsilosis which cause oral thrush (da Silveira ef al,, 2009). Comina ef al.,
2006, collected used latex and silicon pacifiers and performed direct microscopic observations of
the biofilm. The results revealed contamination of the latex nipple clearly showing a mature
biofilm, in which bacterial cells (rods) were embedded in slime. The silicon pacifiers had a much
lower level of slime contaminated with Staphylococcus. In this particular study the new latex
pacifiers presented a clean but irregular surface with many grooves. In contrast, the new silicon

pacifiers surfaces were also clean, but much smoother then the latex pacifiers.

Latex pacifier

Silicon pacifier

Figure 2.2: Latex and silicon pacifier



2.2 Advantages of pacifiers

As dentists, a common question asked by mothers is “Is it ok to give my child a dummy?” It is
therefore important for a dentist and other health care providers to be aware of the advantages
and disadvantages of pacifiers when advising parents. It is highly questionable as to whether a

pacifier is a convenient and an efficient alternative to children sucking their thumb.

2.2.1 Analgesic effects

Non-nutritive sucking is a natural reflex for a fetus and newborn (Sexton and Natale, 2009). This
is often noticed on ultra-sound scans as the fetus may be seen sucking on its hands or fingers. A
pacifier may serve to fulfill this innate desire. According to Niemela ef al., 1995, the infant’s
need for sucking is greatest during the first 6 months of life. A subgroup of the American
Academy of Pediatrics (AAP) has listed some minor medical procedures in which the use of
pacifiers have analgesic effects on newborns and infants less than 6 months of age (Zempsky and
Cravero, 2004; Kaufman et al., 2002). These procedures include catheterization, circumecision,
heel sticks, immunizations, insertion of an intravenous line, lumbar puncture, screening for
retinopathy of prematurity and venipuncture. Furthermore, a shorter hospital stay for preterm
infants using a pacifier has also been listed as an advantage (Sexton and Natale, 2009). A pacifier
also has an analgesic effect on a teething toddler. However, the exact mode of action of sucking

a pacifier, to act as an analgesic, is not fully understood.

2.2.2 Oromotor development

The sucking reflex assists preterm babies who are at risk of oromotor dysfunction to develop a

better sucking reflex and therefore improve the oral feeding ability (Poore et al., 2008). It does



not require a lot of energy to suck and assist in good coordination and muscular strength.
Therefore. it is important that preterm infants start oral feeding as soon as possible to survive and
get healthy quickly. It is believed that the oral feeds would increase the daily weight gain and
therefore assist in the infant being discharged from hospital earlier. However, an evidence -
based systematic review by Arvedson et al, (2010) on the effects of motor interventions on
feeding and swallowing in preterm infants, found none of the oral motor interventions provided
consistent positive results on weight gain. The non-nutritional sucking did however show strong
positive improvement in feeding and swallowing physiology, and reduced transition time to oral
feeds. Furthermore, the continuous sucking increase the tension of the muscles of the upper

airway and facilitates in keeping the tongue in a more forward position thereby protecting the

airways (Jenik and Vain, 2009).
2.2.3 Reduction of sudden infant death syndrome

In literature, the reduction of sudden infant death syndrome (SIDS) in infants who use a pacifier
while sleeping is well documented (Hauck ef al., 2005: Mitchell et al., 2006; Sexton and Natale,
2009). However, the exact mechanism of this protective action is not fully understood. The
diagnosis of SIDS is primarily a diagnosis of exclusion. This means that SIDS 1s given as
diagnosis only after all other possible causes of death during sleep in an apparent healthy mfant,
have been ruled out. . Sudden infant death syndrome is one of leading causes of death in infants
beyond the neonatal period in the United States (Arias ef al., 2003). The AAP guidelines
suggests that offering pacifiers to an infant at the onset of sleep, soon after breastfeeding, has
been established to reduce the risk of SIDS (AAP, 2005). The guidelines recommend

establishing breastfeeding first for at least a month before introducing a pacifier, as later onset of



pacifier use appears to have fewer negative effects on breastfeeding (Howard et al, 2003.)
Reduction in SIDS due to the use of a pacifier is possibly due to less likelihood of rolling into the
prone position, increased arousal, maintained airway patency, decreased gastro-oesophageal

reflux and resultant sleep apnea, or increased respiratory drive with carbon dioxide retention

(Hauck et al., 2005).
2.3  Disadvantages of pacifiers

2.3.1 Dental malocclusions

There are many disadvantages of pacifier usage. One of the commonly known disadvantages of
long term use of pacifiers (for more than 2 years of age) is the development of dental
malocclusions. The most notable changes are an increase in the prevalence of an anterior open
bite (Zimmer et al., 2011), posterior cross bite, narrow intercuspid width of the maxillary arch,
and a high narrow palate (Poyak, 2006). However, orthodontic pacifiers are readily available
with manufacturers claiming the use of such pacifiers reduce malocclusions compared to the use
of conventional pacifiers. Orthodontic pacifiers have been scientifically designed to support the
shape of babies” developing palates and jaws. The flattened shape not only simulates the shape of
a mother’s nipple when flattened in the mouth, but also encourages the most natural sucking
action to help proper oral development. Studies indicate that children who use orthodontic
pacifiers have a slightly smaller chance of developing an open bite than those who use
conventional round pacifiers (Adair et al, 1992). This difference is hard to demonstrate though,

because neither type tends to cause noticeable problems unless sucked on for more than 2 years

(Sexton and Natale, 2009).



2.3.2 Exposure to Bisphenol A

Bisphenol A (BPA) is an industrial chemical that has been used to make certain plastics and
resins and can be found in pacifiers. It is added to enhance the malleability and therefore without
this chemical the guard and the ring of pacifier would be hard and brittle. Some researchers have
shown that BPA can seep out and pose a possible health risk such as cancer and is also
associated with premature puberty (Aliprandini er al, 2011), since the compound imitates
estrogens. The infant’s mouth is in direct contact with the shield creating a warm and humid
environment which results in BPA migration. Studies have shown that migration of BPA
increases with an increase in temperature and over time of pacifier use (Nam et al., 2010).

However, BPA free pacifiers are available in the market.
2.3.3 Colonization and transmission of pathogens and risk of infections

Pacifiers are known to carry microorganisms. Once the pacifier has been introduced into the oral
cavity, it comes in contact with saliva and with the oral microflora. The oral microflora is
composed of many different microorganisms  including  pathogenic species. These
microorganisms adhere to the pacifier forming a slimy coating of bacteria called a biofilm. This
becomes worse by cross contamination when care givers do not wash their hands when handling
pacifiers. A bacterial biofilm is a structured community of bacterial cells enclosed in a self-
produced polymeric matrix adherent to an inert or living surface (Costerton et al., 1999).
Biofilms constitute a protected mode of growth that allows bacterial growth and survival in a
hostile environment. Biofilm infection can rarely be resolved by a host defense mechanism.
Antibiotic therapy typically reverses the symptoms caused by the bacteria released from the

biofilm, but fails to kill the bacteria (Marrie ez al., 1982). Moreover, the polymeric substances



that make up the matrix of the biofilm are known to retard the diffusion of antibiotics. It is
possibly the reason that pacifier users are more prone to the common cold, flu and diarrhea as
they can re-infect themselves with the pathogenic micro-organisms found in this biofilm coated
pacifier. It has been noted that pacifier users have a significantly higher rate of Candida carriage
in the oral cavity (Darwazeh ef al., 1995). In another study the presence of oral yeast and its
relationship with sucking and feeding habits was investigated. This study showed no relationship
in the prevalence of yeast with either breast feeding or bottle feeding, but the use of a pacifier

was positively associated with the presence of yeast infections (Mattos-Graner et al., 2001).

Research results regarding the use of pacifiers and the associated risk factor in otitis media is
controversial. Acute otitis media (AOM) usually occurs when one has a viral upper respiratory
tract infection with blockage of the Eustachian tube and escape of fluid in the middle ear, which
becomes infected with bacteria. The most common bacteria found in this case are Streptococcus
pneumoniae, Haemophilus influenzae and Moraxella catarrhalis (Lieberthal et al., 2013).
Studies have shown an increase in the risk of ear infection in infants using a pacifier. Indeed,
some studies indicated an up to three times higher risk of ear infection in infants using pacifiers
(Hanafin and Griffiths, 2002). The frequency of use of pacifiers was also directly proportional
to the chances of developing otitis media (Hanafin and Griffiths, 2002). Parents are therefore
often informed about the possible negative effects of the use of a pacifier once their child has
been diagnosed with AOM, in order to avoid recurrent episodes (Rovers ef al, 2008).
Interestingly, although many microorganisms were found on pacifiers collected from children

with otitis media: the pathogens responsible for the otitis media were not present (Brook and

Gorber, 1997).
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2.3.4 Early development of dental caries

A relationship between the use of pacifiers and early development of dental caries has been
suggested. However, in an evidence—based literature study, the question of whether the use of a
pacifier plays a role in causing early dental caries, showed a weak correlation because of
inconsistencies in the study methods. The inconsistencies among studies included: the variation
of the definition of early dental caries and the variation of criteria to identify lesions. The
frequency and duration of use of a pacifier was also not reported on clearly (Peressini, 2003).

The use of a sweetner on the pacifier was not indicated and the age of the children varied among

studies.

However, some studies did indeed list the use of pacifiers as a potential risk factor for the
development of dental caries. In a prospective study, 18 month old children using pacifiers had a
greater risk of developing dental caries by the age of 3 years compared to the children with the
thumb sucking habit (Yonezu and Yakushiji, 2008). Ollila et al, (1998), also reported that
prolonged pacifier sucking was a significant risk factor for the development of early dental caries
in children. Often these pacifiers are dipped into sweet substances which may be partly
responsible for the development of dental caries (Aliprandini ef al, 2011). Whatever the reasons
for a parent or a caregiver to introduce an infant to a pacifier; the prime importance is to not
harm the infant. Well documented disadvantages of using a pacifier are acute otitis media,
diarrhea and oral thrush. These disadvantages can be reduced if effective disinfecting methods

are carried out to reduce the number of contaminants including pathogens. Therefore, it is

important to understand the contaminating microorganismes.
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2.4  Contamination of pacifiers with oral microorganisms

Once the pacifier enters the mouth it becomes contaminated with oral bacteria. Most of the time
these oral bacteria live in harmony with the host, however, if the balance is disrupted they can
cause infections. In addition, some of the bacteria such as respiratory tract pathogens are
acquired by the oral cavity. These pathogens remain in the oral cavity as transient flora but they
can cause infections as well as be transmitted to others. Therefore, anything placed in the mouth

including pacifiers can become contaminated with oral flora as well as pathogens.

Bacteria will continue to colonize the pacifier until disinfected. While using a pacifier, a child is
prone to dropping it on the floor. This results in contamination with environmental bacteria.
Parents or caregivers may suck on the pacifier in an attempt to clean it, and place it back into a
child’s mouth. Sucking on a fallen pacifier may remove loose dirt and sand, but further
contaminates the pacifier with additional oral bacteria from the adult. In daycare centers cross
contamination between sick children can also occur through the use of pacifiers. A dirty pacifier
grows a slimy biofilm which can become progressively more resistant to antibiotics and
detergents. Bacterial sensitivity to antimicrobial agents has been shown to be much lower when

they are constituents of a biofilm than when they are in aqueous suspension (Costerton ef al,

1999),
2.4.1 Types of pathogenic contaminants

For the purpose of this study, the causative organism of sepsis, Staphylococcus aureus, the

causative organism of oral thrush Candida albicans and the causative organism of diarrhea

Escherichia coli will be discussed.
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2.4.1.1 Staphylococcus aureus

Staphylococcus aureis, (S. aureus) is a Gram — positive, coccus — shaped bacteria. They are
members of the Staphylococcaceae family. A typical characteristic of S. arueus on an agar plate
is the yellow to golden appearance. Some strains are often surrounded by a clear zone as it is
hemolytic on blood agar. They can grow at a temperature range of 15 to 45 degrees centigrade. S.
aurens occurs in clusters (Mims et al, 2004) resembling grapes, because the cells divide

successively in three perpendicular planes with the sister cells remaining attached to one another

following each successive division (Todar, 2012).

S aureus are facultative anaerobes which grow by aerobic respiration or by fermentation that
yields principally lactic acid and it is also catalase- positive and mannitol- positive. A coagulase

test determines pathogenic from non- pathogenic Staphylocci, of which S. aureus would test

positive.

It is estimated that 20% of the human population carry S. aureus (Kluytmans et al., 1997) which
can be found as part of the anterior nares of the nasal passages (Kluytmans ef al., 1997, Cole et
al. 2001) and the respiratory tract. It may also occur as commensal, and under these
circumstances does not always indicate an infection and therefore does not require treatment.
However, it is a common cause of skin infections such as boils, pimples, impetigo, cellulites,
folliculitis, carbuncles and abscesses (Todar, 2013). These bacteria may also cause food
poisoning (Brooks et al., 2001), and respiratory tract infections such as sinusitis. More life-
threatening diseases caused by S. aureus are pneumonia, meningitis, osteomyelitis, endocarditis,

toxic shock syndrome and septicaemia (Mims ez al., 2004).
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S. aureus is transmitted through air droplets and aerosol. The bacteria can be released into the
air through saliva droplets when an infected person coughs or sneezes. These droplets of saliva
contaminated with bacteria can infect other people. Another mode of transmission is through
direct contact with objects including towel sheets and clothing that are infected with the bacteria.
S aureus is also still one of the five most common causes of nosocomial infections (infections
contracted during hospital stay). Newbom infants are often colonized with S qureus originating
from health care workers (Memelius et al., 2013). It can therefore be said that any caregiver can
transfer the bacteria to the infant. This could be directly or through handling of the infants’
personal items which includes a pacifier. Since S. aureus is favored by warm moist conditions,
the use of a pacifier maintains such an environment which therefore acts as a harvesting device.
This is exacerbated if the skin around the mouth is broken by disease such as eczema. In infants

S aureus infection can also cause a severe disease known as Staphylococcal scalded skin

syndrome (Bukowski er al., 2010).

Drug resistance in these bacteria is a known problem and therefore treatment is guided by
sensitivity testing. Severe infections require prolonged intravenous therapy with  — lactamase —
resistant antibiotics such as penicillin with clavulanic acid (augmentin). If resistance is not

present then penicillin G is the treatment of choice (Brooks et al., 2001). Methicillin resistant S.

aureus is yet another known problem as well.

24.1.2 Candida albicans

Candida albicans (C. albicans) is a yeast, unicellular fungi that causes candidiasis or candidosis.
C albicans exists in two forms - a trait known as dimorphism. The yeast form of the organism is

believed to be relatively innocuous, but the hyphal form is usually associated with invasion of
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the host tissue. Candidiasis is the most common opportunistic oral fungal infection in humans.
This fungus is found in the normal flora of about 50% of healthy individuals (Bork et al., 1993).
These individuals are carriers of the organisms in their mouths and may or may not present

clinical evidence of infection. Clinicians have recognized that oral candidiasis may develop in

people who are immune compromised.

The predisposing factors for the development of infection are the immune status of the host, the
oral mucosal environment and the type of C. albicans strains. Therefore, Candidal infections are
commonly seen in immunocompromised patients such as patients with HIV, cancer, organ
transplants (Bagg er al., 1999; Bork et al, 1993), and diabetes mellitus (Bagg ef al., 1999).
Individuals on broad spectrum antibiotics and with poor oral hygiene may also present with this
infection. The clinical manifestations presents as white dots, patches or plaques also called
thrush (Bagg ef al, 1999) found in the vaginal area or oral cavity. About 15% of newborns
present with oral thrush which can be seen a week after delivery. Transmission occurs during
delivery (Newman and Nisengard, 1988) as the pH of both the vagina and the newborn mouth
supports the growth of Candida (Bork ef al., 1993). Thrush can also commonly be seen in infants
who use bottle nipples and pacifiers (Bork ef al, 1993). Mothers often attempt to clean a bottle
nipple or pacifier that has fallen on the floor by sucking it, which can transmit Candida from
mother to child. Latex pacifiers are more significantly colonized with Candida and
Staphylococcus than silicon pacifiers (Sio et al., 1987, Comina et al., 2000). This is believed to
be due to latex pacifiers being softer and therefore prone to micro-cracks. It is these micro —

cracks that serve as a niche for organisms to colonize.
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Candidiusis has a variety of clinical manifestations, making diagnosis difficult at times. Below
are the common oral manifestations: Pseudomembranous candidiasis, (PC) infection, presents
with the common thrush like appearance. It is characterized by the presence of adherent white
plaques that resemble cottage cheese or curdled milk on the oral mucosa. The white plaques are
composed of tangled masses of hyphes, yeasts, desquamated epithelial cells, and debris. Rubbing
with dry gauze can remove the plaques. This form of candidial infection can sometimes be
noted when an individual has been exposed to broad spectrum antibiotics, as antibiotic treatment
results in eliminating competing bacteria, or by impairment of the patient’s immune system. The
immune dysfunctions seen in leukemic patients or those infected with HIV are often associated

with pseudomembranous candidiasis. Infants may also be affected because of their

underdeveloped immune systems.

Erythematous Candidiasis, may or may not show white flecks or a white component as it is not a
prominent feature of this particular organism, however this infection is more common than PC,
Indeed, several clinical presentations may be seen. Acute atrophic candidiasis or antibiotic sore
mouth typically follows a course of broad- spectrum antibiotics. Patients may complain of a

burning sensation in the mouth with a diffuse loss of the filiform papillae of the dorsal tongue,

resulting in redness.

Central papillary atrophy (median rhomboid glossitis), clinically appears in a well demarcated
erythematous zone that affects the midline, posterior dorsal tongue and can often be

asymptomatic. The erythema is due to the loss of the filiform papille in the area.

Angular cheilitis, can be seen in individuals with a loss of facial vertical height. This results in a

skin fold that extends from the corners of the mouth. As saliva seeps out of the mouth, it builds
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up in these folds. If these individuals are candidia carriers it may cause a reddish crusting
appearance around these folds as the saliva accumulates in this area. In a similar fashion, infants
who use pacifiers may present with a reddish rash-like appearance around their mouths where the
pacifier shield sits. This occurs because some saliva seeps out the mouth and builds up behind
the shield, which is in direct contact with the skin. Furthermore, denture stomatitis, is seen in
individual who wear dentures, and has poor denture hygiene. The denture bearing areas appear

red and inflamed with white patches. The denture indeed creates an environment conducive for

candidial growth.

The diagnosis of candidiasis is usually established by the clinical signs in conjunction with an
exfoliative cytologic examination. A specimen of culture is obtained by rubbing a sterile cotton
swab over the lesion and then streaking the swab on the surface of a Sabouraud agar plate. C.
albicans will grow as creamy, smooth surfaced colonies after 48 hours of incubation at room
temperature. Candidal organisms can be seen microscopically in either an exfoliative cytological
preparation or in tissue sections obtained from a biopsy specimen. On staining with the periodic
acid - Schiff (PAS) method, the candidal hyphae and yeasts can be readily identified. This
method stains carbohydrates, which is abundant in the fungal cell walls. This stain causes the
organisms to appear bright-magenta in colour. To make the diagnosis of candidiasis, one must

be able to see hyphae or pseudohyphae which are essentially elongated yeast cells.

Oral C. albicans can be treated with antifungal agents such as fluconazole and nystatin. If the use
of broad spectrum antibiotics is the cause of infection, an interflora can be prescribed. Good oral
hygiene is also important in aiding treatment. Therefore, any objects placed in the mouth, such as

dentures, pacifiers and utensils should be thoroughly cleaned and disinfected.
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2.4.1.3 Escherichia coli

In 1885, Theodor Escherich was the first to described Escherichia coli (E. coli), as Bacterium
coli commune, which he isolated from the feces of newborns (Todar 2012; Nodgqvist 2013). It
was later renamed Escherichia coli. E. coli is the head of this large bacterial family, the
Enterobacteriaceae. This enteric species is a gram-negative, facultative anaerobic, rod—shaped
bacterium (Brooks et al., 2001; Gillespie and Bamford, 2007). A capsule or microcapsule is
often present and a few strains produce profuse polysaccharide slime (Sussman, 1997). E. coli is
known to be a harmless commensal, as part of the normal gut flora, since its natural habitat is
the intestines of warm blooded animals and humans (Brooks ef al., 2001). These bacteria can be
beneficial within the intestine (Hudault er al., 2001; Reid et al., 2001). It can also be found in the
environment in water and soil. Some strains such as enterotoxigenic and enteropathogenic E. coli

cause diarrhoea. In addition, they also cause urinary tract infections, neonatal meningitis and

septicemia (Gehlbach et al., 1973; Evans et al., 2007).

The gastrointestinal tract of most warm-blooded animals and infants are colonized by E. coli
within hours or a few days after birth. This is because the bacteria can adhere to the mucosa
lining of the gut. The pathogenic strains can be contracted by the faecal—oral transmission route
and the bacterium can also be ingested in food or water or obtained directly from other
individuals handling the infant. Since E. coli is present in the environment in water and soil,
toddlers can easily contract this pathogen. Studies have shown that pacifiers do become
contaminated with fecal microorganisms and children who use pacifiers’ contract diarrhoea more
frequently as compared to the non-users (Tomasi ef al., 1994). Once established, an E. coli strain

may persist for months or years as a commensal organism. Several types of E. coli existing as
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part of the normal flora of the human gut have many beneficial functions, such as the production
of vitamin K12. They also prevent pathogenic bacteria from establishing themselves in the
intestine. A rapid shift may occur after an enteric (pathogenic £. coli) infection, or a shift in the
state of health, or due to antimicrobial therapy that disturbs the normal flora (Gillespie &
Bamford, 2007). However, nonpathogenic E. coli have a therapeutic use as a probiotic agent in
medicine, mainly for the treatment of various gastroenterological diseases (Grozdanov et al.,

2004) including inflammatory bowel disease (Kamada ef al., 2005).

In a laboratory environment, E. coli can be grown in media with glucose as the sole organic
constituent. It can also grow on peptone or meat extract media or in MacConkey agar. They can
grow by both aerobic or anaerobic respiration (Brooks ef al., 2001). Under anaerobic conditions
the bacterium will grow by means of fermentation, producing characteristic “mixed acids and

gases” as end products (Brooks ef al., 2001). Optimal growth of E. coli occurs at 37°C within 24

hours of incubation.

A healthy adult will generally recover fully within 5 to 7 days after being infected with
pathogenic E. coli. The individual may experience sudden abdominal pain/cramps, typically as
the first symptom. A watery diarrhoea generally follows a few hours after the sudden abdominal
pain. A day later there may be bright red bloody stools, caused by sores in the intestines. Nausea,
vomiting and fever may also be present. Fatigue commonly follows diarrhoea as there is a loss of
fluids and electrolytes (dehydration), causing the patient to feel sick and tired. Young children,
elderly individuals and patients with weakened immune systems can develop potentially fatal

complications and therefore may need medical attention. No current treatments can cure E. coli;
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it has to run its course. Most doctors advise patients to get plenty of rest and fluids to prevent

dehydration.
2.5  Decontamination of pacifiers

There are many different types of disinfection or sterilization methods available in the market
that can decontaminate pacifiers. Consumers select a type depending on disinfection or
sterilization time, efficiency, costing and methodology. The simple method of submerging the
pacifier in boiling water for 5 minutes and possibly adding some salt or bicarbonate soda to the
water is used by many mothers. Boiling kills vegetative bacteria and some spores depending on

the exposure time. However, this method is simple, cost effective and short.

2.5.1 Disinfectants

2.5.1.1 Sodium hypochlorite

Submerging pacifiers in chemicals such as diluted chlorine based solutions for a period of time
has been recommended and these solutions are commercially available. Sodium hypochlorite has
been used widely in clinical care as a disinfecting agent and is known to be highly effective in
cleaning surfaces contaminated with all types of micro-organisms (Rutala and Weber, 1997;
1999). The mechanism of antibacterial activity of chlorine containing compounds such as
sodium hypochlorite is not fully understood. The postulated mechanism is thought to be due to
inhibition of key enzymatic reactions within the cell as well as protein denaturation (Rutala and

Weber, 1997). Efficacy of sodium hypochlorite decreases in the presence of light, heat, organic
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and inorganic containments and the shelf life is reduced with decreasing concentrations (Johnson

and Remeikis, 1993).

Chlorine based solutions such as Milton has been marketed for disinfecting baby teats, bottles,
pacifiers and utensils. Milton which is readily available at local stores, is made of an aqueous
solution of 1.0% sodium hypochlorite and 16.5% sodium chloride. The manufacturer’s
instructions are to dilute Milton in a noncorrosive plastic container with a lid. Items are
disinfected by soaking in this solution for 30 minutes. However, pre-cleaning of pacifiers is very
important and therefore recommended. Thrush is a common problem in babies, and the
manufactures of Milton claims that Milton kills C. albicans. After removing from the Milton
solution, pacifiers can be drained and used immediately without rinsing. The World Health
Organisation (WHO) considers the acceptable level of chlorine for drinking water to be at 5 mg/I
(0.5 % of the solution). Milton sterilizing solution is made up of 0.012% of chlorine which is far
less than the level accepted by WHO. This explains why it is not necessary to rinse, and by

rinsing there would be a risk of contaminating the baby’s accessories again.
2.5.1.2 Chlorhexidine

Chlorhexidine is a broad spectrum disinfectant with well-established efficacy. Although it is not
packaged or marketed as a pacifier disinfecting agent, studies on pacifiers and disinfectants have
included chlorhexidine either as a positive control or as recommended disinfection for pacifiers
(Chamele ef al, 2012).  Chlorhexidine, a cationic bis-biguanide is an antimicrobial agent which
has been used as a broad spectrum antiseptic since 1953. It is used extensively in the fields of
medicine and dentistry in mouth rinses, antiseptic soaps and surface disinfectants. Furthermore,

chlorhexidine has been used in the treatment of oral candidiasis since the 1970’s,
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In studies on polyguanides it was found that certain bisbiguanides have a very broad
antimicrobial spectrum of activity. By structural variation these scientists arrived at the agent
with the greatest bacteriostatic and bactericidal feature: 1,6 — bis — 4 — chloro — phenyldi —
guanidonhexane, a synthetic cationic detergent usually referred to as chlorhexidine (Gjermo et
al., 1970; Brecx et al, 1992). Rinsing the oral cavity with 0.12 % chlorhexidine reduces the
number of bacteria in the saliva by up to 95 % in the course of few days. In a study by Grossman

et al., (1989) it was determined that use of chlorhexidine can reduce gingivitis, gingival bleeding

and even dental plaque.

Chlorhexidine is a water soluble compound and is dissociable, allowing its positive charges to
bind to teeth (Rolla et al, 1970), oral soft tissues (Bonesvoll ef al., 1974), to the negatively
charged bacterial cell wall (Mohammadi ef al., 2009) and to extracellular complexes (Loe er al.,
1970). The binding to bacteria interferes with membrane transport mechanism allowing leakage
of low molecular weight substances, and at high concentrations it penetrates the cell wall
precipitating the cellular cytoplasm causing cell death (Greenstein ef al., 1986; Gomes ef al,
2005). General and systemic side effects are rare. The most common side effect of chlorhexidine
is the formation of an extrinsic, yellow—brown stain on the teeth and tongue. Disturbance of taste
sensation (mainly sweet and salt) and a burning sensation of the tongue may occur on using the
mouth wash and the bitter taste after the use chlorhexidine. It is this bitter after taste that is left

on the pacifier which may result in an infant not accepting the pacifier.

2.5.2 Microwave sterilization

Microwave sterilizers which operate on a heating principle are also available. Silva et al., (2013)

studied the efficacy of the microwave in the infection of dentures and found that it can eliminate
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C. albicans and Streptococcus nutans (S. mutans). Indeed a study by Chamele er al., (2012)

showed that 7 minutes of irradiation can kill S. mutans present on pacifiers, and this was

comparable to chlorhexidine disinfection.

When comparing the mode of action of a microwave steamer and an electrical steamer they seem
similar. Both require about 200ml of water to create steam. Heat, creating the steam is
responsible for the sterilization in both techniques. The microwave method requires a sealable
container (specifically designed as a microwave steamer) and a microwave, water and electricity.
The electric steamer method requires the electric steamer device, water and electricity. Not much

is known about the efficacy of these electrical steamer sterilizers.

2.6  Aim: This study evaluated various disinfection techniques for the effective disinfection

of pacifiers.

2.6.1 Objectives:

o To determine the efficacy of various disinfection techniques in the disinfection of

pacifiers.

e To compare the efficacy of various disinfection techniques in the disinfection of

latex and silicon pacifiers.
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3 Methods

3.1 Pacifiers

A hundred and eight pacifiers were purchased from a local supermarket. Fifty four were silicon
and 54 were latex pacifiers of the snookums brand. The pacifiers were BPA free and treated as
per the manufacturer’s instructions. This involved boiling each pacifier for 5 minutes. A glass
beaker with tap water was placed on a hot plate and the water was brought to boiling point
(100°C). At boiling point pacifiers were submerged in the boiling water for 5 minutes. A sterile
artery forceps was used to hold the pacifiers down. The latex and silicon pacifiers were boiled

separately. After boiling, the pacifiers were aseptically removed and stored separately in a sterile

glass jar ready for the experiments.

3.2 Cultures and inocula

Cultures of S, aureus ATCC 29213, C. albicans ATCC 90028 and E. coli ATCC 35218 were
obtained from the Oral Microbiology laboratory. These are laboratory stock cultures that are
purchased and not isolated from patients; therefore, full ethical clearance was not necessary.
However, a waiver was obtained from the Human Research Ethics Committee of the University

of the Witwatersrand (Ethics number: W-CJ-130626-1).

S. aureus and E. coli were grown on blood agar plates at 37°C for 24 hours whereas C. albicans
was grown on Sabouraud Dextrose agar plates and incubated at 37°C for 48 hours. For each
experiment fresh subcultures were prepared. To prepare inoculum, cultures were emulsified in
150 ml sterile distilled water and the turbidity was adjusted to 3 McFarland standards to obtain

107 cells per ml of suspension. For each experiment fresh inoculum was prepared.
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33 Disinfectants

The disinfecting methods used included rinsing pacifiers under tap water for 2 minutes,
submerging pacifiers in boiling water for 5 minutes, submerging pacifiers in Milton (chlorinated
compound) for 30 minutes, placing pacifiers under microwave radiation for 8 minutes and

submerging pacifiers into chlorhexidine gluconate (2.0%) for 2 minutes.

Milton (Figure 3.1) solution was purchased from a local supermarket and for each experiment

fresh solutions were prepared according to the package insert, which included diluting 12.5 ml of

Milton with 1 litre of water.

Milton

STERILISING
FLUID

Figure 3.1: Milton
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For the microwave technique, a special sterilizing microwavable unit (Figure 3.2) was purchased
and used according to the manufacturer’s instruction. This involved placing 200 ml water in the
base, placing a pacifier on a rack provided with the sterilizing unit, closing the unit and placing
the whole unit into the microwave for 8 minutes at 900 WATTS. By placing the pacifier on the

rack, the pacifier did not come in contact with the water, which boils with radiation. However,

heat generated steam, sterilizes the pacifiers.

Chlorhexidine gluconate (2% solution) was purchased from the local pharmacy (Corsodyl). It

was used as positive control.

Cover

Base

Rack

Open unit Closed unit

Figure 3.2: Microwave sterilization unit
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34 Test procedure

The test procedures were followed as described by Rweyendela e al, (2009) but with
modifications. The flow of the procedure is described in Figure 3.3. Six latex pacifiers were
artificially contaminated by placing them individually in the inoculums for 2 minutes each,
holding them down with a glass rod and removing them from the inoculum aseptically. The first
pacifier was placed in 150 ml of sterile distilled water to obtain a control count (number of
challenged organisms), This beaker was labelled as ‘control’ (Beaker C). The second
contaminated pacifier was placed into 150 ml of normal tap water for 2 minutes. This pacifier
was held by a sterile artery forceps and agitated by moving it in an up and downward movement
to stimulate a rinsing effect. After 2 minutes the pacifier was aseptically removed and placed into
150 ml of sterile distilled water to obtain the remaining number of bacteria that were not
removed by rinsing with tap water. This beaker was labelled ‘tap water’ (Beaker T). The third
contaminated pacifier was submerged into 150 ml boiling water for 5 minutes. The pacifier was
only placed in the water once the water reached boiling point (100°C) and was held down by a
sterile artery forceps. After 5 minutes the pacifier was removed and placed into a beaker of 150
ml sterile distilled water marked ‘boiling’ (Beaker B). The forth contaminated pacifier was
placed into 150 ml of a prepared chlorinated compound solution (Milton) for 30 minutes and
held down by a sterile glass rod (Figure 3.4). The metal artery forceps was not used in this case
because of the corrosive property of the chlorinated compound. The pacifier was removed and
placed into a labelled beaker (Beaker M) containing 150 ml of sterile distilled water. The fifth
contaminated pacifier was removed from the inoculum after 2 minutes and was placed mto a
microwavable sterilization unit. This unit is specifically designed to sterilize feeding bottles,

teats and pacifiers. Two hundred millilitre tap water was placed into the unit as instructed by the
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manufacturer. The pacifier was placed on the designed rack provided. The container was closed
and placed in the microwave for 8 minutes at 900 watts. The container was removed from the
microwave and was allowed to stand for 2 minutes as per instructions. This was to avoid any
stream burns. After 2 minutes the container was opened and the pacifier was aseptically removed
and placed into a beaker containing 150 ml sterile distilled water. This beaker was labelled
‘microwave’ (Beaker MW). Finally, the sixth pacifier was removed from the inoculum after 2
minutes and submerged into 150 ml of a chlorhexidine gluconate (CHX) solution for 2 minutes.
A sterile glass rod was used to keep the pacifier submerged. This pacifier was then removed and

placed into a beaker containing 150 ml of sterile distilled water. The beaker was labelled ‘CHX"

(Beaker CHX).

This disinfection test procedure was repeated three times for each organism (£. coli, S. aureus

and C. albicans) using the latex and silicon pacifiers.

Figure 3.4: Pacifier held down by a glass rod in a beaker.
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3.4.1 Bacterial and colony counts

After sterilization, a sterile magnetic stirrer was placed into the beakers as described in section
3.4 containing the pacifiers (beakers C, T, B, M, MW and CHX). The beakers were placed on a
magnetic stirrer plate (Figure 3.5) and stirred for approximately 2 minutes. This stirring motion
facilitated removing the microorganisms from the pacifiers and dispersing them into the water.
Water from all the beakers was centrifuged at 5000 rpm for 15 minutes using conical tubes. The
supernatant was removed and the sediment was suspended in 1 ml phosphate buffered saline
(PBS). A serial dilution technique was performed to obtain counts of microorganisms. Briefly,
0.1 ml of solution was diluted in 0.9 ml PBS to obtain 1:10 dilution. Similarly 1:10 dilution was
further diluted to 1:100 and 1:1000 dilutions. One hundred microliters of each dilution was
transferred onto appropriate agar plates, spread and incubated appropriately. £ coli and §.
aureus was cultured using blood agar plates which were incubated aerobically at 37°C for 24
hours. Whereas, C. albicans was cultured using Sabouraud dextrose agar plates which were
incubated aerobically at 37°C for 48 hours. Colonies were counted and the colony forming units
(cfu) were obtained by multiplying the colony counts with the dilution factors and taking the
average count of the dilution plates. Organism counts were expressed as ctu per pacifier. The
control count represented the level of artificial contamination. Bacterial counts in the tests
represented the live bacteria due to the inadequate sterilization procedure. The percentage of

bacteria/fungi killed was calculated using the formula: control count - test count/control count

X100. Log reduction was also calculated.
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Figure 3.5; Magnetic stirrer plate

3.5  Statistical analysis

Descriptive analysis was performed to express the results. Percentage-kill of disinfectants were

compared using Kruskal Wallis nonparametric rank tests between the types of pacifiers, types of

test organisms and the disinfection procedure.

4 Results

The results are expressed as % kill as well as the log reduction in the microbial counts.
Percentage kill are more comparable whereas log reduction is a true reflection of the actual
reduction in the microbial counts. For example: a 2 log reduction of 1 000 000 challenged
organisms shows that 10 000 organisms are still surviving which will calculate to a 99% kill.
However, a 2 log reduction of 100 challenged organisms will calculate to a 100% kill. Therefore,
for the % kill results, the number of challenged organisms should be given, otherwise the results

are meaningless. In contrast, the log reduction results provide complete information, even if the

number of challenged organisms is not provided.
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4.1 Disinfection of latex pacifiers artificially contaminated with Staphylococcus aureus

Latex pacifiers contaminated with S. aureus were disinfected using 5 different procedures and
the results are shown in Table 4.1 and Table 4.1a. The results show that placing pacifiers in
boiling water for 5 minutes, or in Milton for 30 minutes, or in a sterilization unit in the
microwave for § minutes, or submerging them in chlorhexidine for 2 minutes, were all effective
methods of eradicating S. qureus from latex pacifiers (% kill = 100; log reduction 6.56).
However, when the pacifiers were rinsed in tap water for 2 minutes, a complete removal was not

obtained (mean % kill = 99.34; log reduction 2.35).
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Table 4.1: Disinfection of latex pacifiers artificially contaminated with Staphylococcus
aureus using various disinfection techniques (% Kkill).
|[ Disinfection | Repeats No. of No. of + No. org. killed % Kkill
‘ - challenged org.  surviving org. | (cfu/ pacifier) a-b
! (cfu/ pacifier) (cfu/pacifier) a-b a X100
| a ' b 1 |
Tapwater 1 | 2745000 6800 ~ o73m00  eems
R 2940000 7009 2932991 99.76
13 5700000 85470 5614530 98.50 _
Mean=SD | - 19934073
Boiling |1 | 2745000 0 2745000 | 100 ]
- 2 2940000 0 2940000 100
C 3 5700000 0 5700000 100
Mean+SD _ ) 1000
Milton 11 2745000 0 2745000 100
2 2940000 0 2940000 100
3 |sm0000 0 | 5700000 100 ]
Mean+tSD | 7 - | 100+ 0
Microwave 1 2745000 0 2745000 100 B
|2 | 2940000 0 2940000 100 |
B 3 | 5700000 0 | 5700000 100
Mean=SD | f - 100+ 0
Chlorhexidine | 1 2745000 0 2745000 | 100
- 1 2940000 o 2940000 100 .
' 3 5700000 0 ' 5700000 100
Mean+SD 100 £ 0

Inoculum: Mean¥SD = 3795000
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Table 4.1a:  Disinfection of latex pacifiers artificially contaminated with Staphylococcus
aureus using various disinfection techniques (log reduction)

Disinfectio ' Repeats No. of ' No. of surviving org. Log |
| challenged org. =~ (log cfu/pacifier) reduction
~ (log cfu/ pacifier) |
— . a b ab

Tapwater |1 644 383 281

S 2 647 38 282
|3 6.76 - 493 183
Mean+SD 235

‘Boiling 1 |64 0 64 |

-] | 647 o 6.47 B
i 3 6.76 o 6.76
Mean+SD - 6.56
Milton |1 6.44 0 ] 6.44
i 6.47 0 | 647

, |3 Je7e o Jew

Mean+SD | - 6.56 ]
Microwave 1 6.44 0 6.44
B 2 6.47 0 | 647

- 3 | 6.76 - |o 6.76 |

MeanxSD | 6.56 N

£h101'hexidine 1 6.44 0 6.44 !
; 2 6.47 0 ) 6.47
| 3 6.76 o 6.76
' Mean=SD - 6.56

Inoculum: Mean+SD = 6.56

4.2  Disinfection of latex pacifiers artificially contaminated with Escherichia coli

Latex pacifiers contaminated with E. coli were disinfected using 5 different procedures and the
results are shown in Table 4.2 and Table 4.2a. The results show that placing pacifiers in boiling
water for 5 minutes or placing them in a sterilization unit in the microwave for 8 minutes were
effective in eradicating E. coli from latex pacifiers (% kill = 100; log reduction 7.54). However,

when the pacitiers were rinsed in tap water for 2 minutes, placed in Milton for 30 minutes or
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submerged in chlorhexidine for 2 minutes, a complete removal was not obtained (mean % kill =

99.87, 99.99 and 99.99 respectively).

Table 4.2:  Disinfection of latex pacifiers artificially contaminated with Escherichia coli
using various disinfection techniques (% Kkill).

- Disinfection = Repeats | No. of No. of | No. org. killed = % killed
challenged org.  surviving org. | (cfu/ pacifier) = a-b
(cfu/ pacifier) (cfu/pacifier) | a-b a X100
a b '
Tap water |1 30150000 46400 30103600 99.85
' 2 | 36150000 28560 | 36121440 99.92
13 37150000 55650 37094350 99.85
MeanSD _ 99.87 + 0.04
Boiling 1 30150000 0 30150000 100
2 | 36150000 0 36150000 100
|3 | 37150000 0 37150000 100
 Mean+SD _ 1000
Milton E 30150000 0 30150000 100 "
2 36150000 64 36149936 9999
L 3 37150000 | @ 37150000 100
| MeanzSD , 7 i 7 99.99 (.01
Microwave |1 30150000 0 130150000 100 -
| 12 36150000 0o |36150000 100
B K 37150000 O | 37150000 l100
Mean£SD _ ) 100 £ 0
Chlorhexidine | 1 | 30150000 0 30150000 100
B 2 36150000 0 7 36150000 100 i
I 3 37150000 1500 | 37148500 99.99 i
| Mean+SD . 7 99.99 + 0.01

Inoculum: Meaiﬁ:@ =§I4—83_333
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Table 4.2a: Disinfection of latex pacifiers artificially contaminated with Escherichia coli
using various disinfection techniques (log reduction)

Disinfection  Repeats | No. of challenged org. | No. of surviving org.  Log
i (log cfu/ pacifier) (log cfu/pacifier) reduction
R la I L
Tapwater |1 |748 a7 . 28
- 2 7.56 446 310
13 | .57 476 281
Mean+SD ‘ ) 291 B
| Boiling 1 1 7.48 o 7.48 ]
| 7 7.56 0 7.56
_ 3 757 o ' 7.57
Mean+SD 7 7.54
Milton 1 7.48 _ . 0 i 7.48
2 (7% & B35 |
R 3 757 _ 0 - 7.57 B
'MeansSD | ; N 6.93
' Microwave 1 7.48 0 - 7.48
2 7.56 0 7.56
3 7.57 ' 0 7.57
Mean+SD ] 754
Chlorhexidine | 1 7.48 |0 7.48
2 7.56 B 0] 7156
, 3 757 3.18 7 439
| Mean+SD _ - _ 6.48

Inoculum: Mean+SD = 7.54
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4.3 Disinfection of latex pacifiers artificially contaminated with Candida albicans

Table 4.3 shows that tap water and Milton were not effective in disinfecting latex pacifiers
contaminated with C. albicans (% kill = 99.63 and 99.96 respectively, with the log reduction
2.75 and 3.57 respectively). However, heat based disinfections such as boiling and microwave

radiation as well as chlorhexidine were effective in eliminating C. albicans completely.

Table 4.3: Disinfection of latex pacifiers artificially contaminated with Candida albicans
using various disinfection techniques (% Kkill).

Disinfection | Repeats | No. of | No. of | No. org. killed | % killed
challenged surviving (cfu/ pacifier) a-b
org. org. a-b a X100
(cfuw/ pacifier) | (cfu/pacifier)
a b
Tap water 1 414000 580 413419 99.86
- 2 155400 1434 153965 99.08
_ 3 266400 116 266284 99.96
Mean+SD 99.63 + 0.48
Boiling 1 414000 0 414000 100
155400 0 155400 100
3 266400 0 266400 100
Mean+SD 100+ 0
Milton 1 414000 72 413928 59.98
2 155400 102 155298 59.93
3 266400 46 266354 99.98
Mean+SD 99.96 & 0.03
Microwave 1 414000 0 414000 100
2 155400 0 155400 100
3 266400 0 266400 100
Mean+SD 100+ 0
Chlorhexidine | 1 414000 0 414000 100
2 155400 0 155400 100
3 266400 0 266400 100
Mean+SD 100+ 0

Inoculum: Mean+SD = 278600



Table 4.3a:

using various disinfection techniques (log reduction)
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Disinfection of latex pacifiers artificially contaminated with Candida albicans

“Disinfection  Repeats No. of challenged org. No. of surviving org. ' Log reduction

(log cfu/ pacifier) (log cfu/pacifier) a-b
a b
Tapwater |1 562 276 -

_ 2 5.19 3 |20
|3 s 206 . 336
_Mean+SD I S 2.75 -

' Boiling 1 5.62 0  5.62

2 |51 I 02 - A
o 3 |54 10 543
MeantSD I R 5.41 |
Milton 1 562 1.86 3.76

2 5,19 2.01 |3
B 3 5.43 - 1.66 - |
‘MeansD | . |
| Microwave 1 |562 0o 562
B 2 ;5.19 0 5.19

__ 3 543 0 5.43 ]
Mean=SD_ | . 5.41
Chlorhexidine 1 5.62 0 5.62

3 5.19 0 519

|3 1543 0 - 5.43 B

MeanxSD - 5.41 ]

Inoculum: Mean+SD = 5.41

4.4

aureus

Disinfection of silicon pacifiers artificially contaminated with Staphylococcus

The results are described in Table 4.4 and Table 4.4a. Boiling, Milton, microwave and

chlorhexidine were effective in eliminating S. aureus from artificially contaminated silicon

pacifiers. However, tap water rinsing was ineffective giving % kill results of 99.80 and a log

reduction of only 2.8.



Table 4.4:

aureus using various disinfection techniques
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Disinfection of silicon pacifiers artificially contaminated with Staphylococcus

Disinfection  Repeats | No. of challenged iTNo. of No. org. killed | % killed
org. surviving org. ' (cfu/ pacifier) = a-b
(cfu/ pacifier) (cfu/pacifier) a-b a X100
a b
‘Tapwater 1 | 32550000 34960 32515040 | 99.98
2 80100000 | 57280 80042720 | 99.93
B , 13 | 21150000 107100 21042900 99.49 ]
Mean=SD | ] 99.80 £0.27 |
Boiling |1 | 32550000 o 32550000 100
B 2 80100000 0 | 80100000 100
N N 3 21150000 0 21150000 100
| Mean+SD 100 £ 0
' Milton 1 32550000 0 32550000 100 ]
2 80100000 0 80100000 100
3 amseo00 0 | 21150000 100
MeantSD | 7 100 =0
Microwave |1 32550000 0 32550000 100
L 2 80100000 0 80100000 100
L 3 | 21150000 0 21150000 100
 Mean+SD ) | 100+ 0
| Chlorhexidine | 1 32550000 0 32550000 100
| 2 80100000 0 ' 80100000 100
{ 13 21150000 0 21150000 100
Mean+SD ! 1000

Inoculum: Mean+SD = 44600000
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Table 4.4a: Disinfection of silicon pacifiers artificially contaminated with Staphylococcus
aureus using various disinfection techniques (log reduction)

Disinfection Repeats | No. of challenged | No. of surviving Log
org. org. reduction a-
(log cfu/ pacifier) (log cfu/pacifier) b
a b
Tap water 1 7.51 4.54 2z
7.90 4.76 3.14
3 7.33 5.03 2.3
Mean+SD 2.8
Boiling 1 75l 0 7.51
2 7.90 0 7.90
3 7.33 0 7.33
Mean£SD 7.58
Milton 1 7.51 0 7.51
2 7.90 0 7.90
3 7.33 0 7.33
Mean+SD 7.58
Microwave 1 7.51 0 7.51
2 7.90 0 7.90
3 7.33 0 7.33
Mean=SD 7.58
Chlorhexidine | 1 7.51 0 7.51
2 7.90 0 7.90
3 7.33 } 0 7.33
MeantSD 7.58

Inoculum: Mean+SD = 7.58

4.5  Disinfection of silicon pacifiers artificially contaminated with Escherichia coli

Table 4.5 and Table 4.5a show that E. coli contaminated silicon pacifiers were difficult to
decontaminate because the % kill for tap water, Milton and chlorhexidine were 98.66, 99.99 and
99.99 (log reduction of 2.28, 7.31 and 6.57) respectively. However, boiling and microwave

radiation was once again effective in achieving a complete kill (100%).
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Table 4.5: Disinfection of silicon pacifiers artificially contaminated with Escherichia coli
using various disinfection techniques
Disinfection | Repeats | No. of challenged | No. of surviving No. org. | % killed
org. org. killed by a-b
(cfu/ pacifier) (cfu/pacifier) (cfu/ a X100
a b pacifier)
a-b
Tap water 1 109200000 150480 1090459520 99.86
2 48450000 146850 48303150 99.70
3 70650000 2521600 68128400 96.43
Mean+SD 98.66 + 1.94
Boiling 1 109200000 0] 109200000 100
2 48450000 0 48450000 100
3 70650000 0] 70650000 100
MeanSD 100+ 0
Milton 1 109200000 0 109200000 100
2 48450000 0 48450000 100
3 70650000 44 70649956 99.99
Mean+SD 99.99 + 0.01
Microwave 1 109200000 0 109200000 100
2 48450000 0 48450000 100
3 70650000 0 70650000 100
Mean+SD 100+ 0
Chlorhexidine | 1 109200000 0 109200000 100
2 48450000 0 48450000 100
3 70650000 7500 70642500 99.99
Mean+SD 99.99 +0.01

Inoculum: Mean£SD = 76100000
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Table 4.5a:  Disinfection of silicon pacifiers artificially contaminated with Escherichia coli
using various disinfection techniques (log reduction)

Disinfection Repeats | No. of challenged | No. of surviving | Log reduction
org. org. a-b
(log cfu/ pacifier) (log cfu/pacifier)
a b
Tap water 1 8.04 5.18 2.86
2 7.69 5.17 2.52
3 7.85 6.40 1.45
Mean+SD 2.28
Boiling 1 8.04 0 8.04
2 7.69 0 7.69
3 7.85 0 7.85
Mean+SD 7.86
Milton 1 8.04 0 8.04
7.69 0 7.69
3 7.85 1.64 6.21
Mean+SD 7.31
Microwave 1 8.04 0 8.04
7.69 0] 7.69
3 7.85 0 7.85
Mean+SD 7.86
Chlorhexidine | 1 8.04 0 8.04
] 7.69 0 7.69
3 7.85 3.88 3.97
Mean+SD 6.57

Inoculum: Mean+SD =7.86

4.6 Disinfection of silicon pacifiers artificially contaminated with Candida

albicans

The results in Table 4.6 and Table 4.6a shows that boiling, microwave radiation and
chlorhexidine were successful in eliminating C. albicans from silicon pacifiers. Tap water and
Milton were ineffective in eliminating C. albicans from silicon pacifiers (% kill = 99.96 and

99.94 and a log reduction of 2.75 and 4.43 respectively).
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Table 4.6: Disinfection of silicon pacifiers artificially contaminated with Candida
albicans using various disinfection techniques
" Disinfection i Repeats | No. of  No. of | No. org. killed = % killed
: challenged org. | surviving org. | (cfu/ pacifier) = a-b
(cfu/ pacifier) (cfu/pacifier) a-b a X100
a b
‘Tapwater |1 485500 2618 482882 99.46
" 2 1597500 4949 | 1592551 99.69
j 3 1402500 483 1402017 99.97 |
MeanZSD _ 1 99.96+0.03
Boiling 1 485500 0 485500 100
2 11597500 0 1597500 100
3 | 1402500 0 1402500 100
Mean+SD : 1100+ 0
| Milton 1 485500 897 484603 99.82
2 1597500 0 1597500 100
'3 1402500 63 1402437 99.99
Mean+SD o - 1 B 99.94 £0.1 |
Microwave | 1 485500 o 485500 100
’ 2 1597500 0 | 1597500 100 N
| 3 1402500 0 11402500 100
| Mean+SD | B ) i 11000
Chlorhexidine |1 485500 0 | 485500 | 100
2 | 1597500 0 11597500 100
| 3 1402500 0 1402500 100 |
Mean+SD | 100+ 0 |

Inoculum: Mean+SD = 1161833
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Disinfection of silicon pacifiers artificially contaminated with Candida

Table 4.6a:
albicans using various disinfection techniques (log reduction)
Disinfection I Repeats | No. of challenged | No. of surviving org.  Log
' org. | (log cfu/pacifier) reduction
: (log cfu/ pacifier) b a-b
! a
Tap water 1 5.69 RE 227
2 |62 369 250
3 e 268 345
MeantSD | 2
Boiling 1 569 0 569
| 2 6.20 |o - 620
- 3 e1s o 615
Mean+SD | - ) 6.01 B
| Milton 1 5.69 295 k7
_' N 6.20 0 6.20 B
. R 615 1.80 ) 4.35
Mean=+SD 4.43
| Microwave |1 569 |0 - 569
2 6.20 0 6.20
B |3 6.15 0 6.15
Mean+SD . - - 6.01
Chlorhexidine | 1 5.69 0 i 5.69
2 6.20 0 6.20 :
| 3 6.15 o 615
| Mean+SD 6.01

Inoculum: Mean+SD =6.01

4.7 Summary results of disinfection of artificially contaminated pacifiers

Table 4.7 and Table 4.7a shows the summary of results obtained in this study. Tap water
consistently proved to be ineffective in disinfecting pacifiers. When the results of all the test
organisms are combined, purely from the observation, boiling and microwave radiation proved to
be the 2 most effective methods of sterilization. Milton was effective only 33.33% (1/3 of the

organisms) of the time, whereas chlorhexidine showed better efficacy (66.66% of the time — 2/3

of the organisms) than Milton.
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Table 4.7: Summary results of disinfection of artificially contaminated pacifiers (% kill).

Test Type of | No. of  Mean SD % killed (n=3)
organism pacifier | challenged = Tap water Boiling  Milton Microwave T Chlorhexidine
organisms | water | (CHX)
{(Mean ‘
| cfu/pacifier) .
} | a
S. aureus Latex 3795000 [ 99.34£0.73 | 1000 [ 100+0 1000 1000 ‘
Silicon | 44600000 | 99.80+0.27 | 100=0 | 100+ 0 11000 [ 100£0 |
E. coli Latex | 34483333 | 99.87+£0.04 | 100+0 | 99.99+0.01 | 100+0 99.99 £ 0.01
) "Silicon | 76100000 | 98.66+1.94 | 1000 | 99.99£0.01 | 100=0 99.99 + 0.01 ﬂ
C. albicans Latex | 278600 99,63 £ 0.48 100+0 | 99.96+£0.03 | 1000 | 1000
Silicon | 1161833 99.96+0.03 | 100+0 [99.94 £0.1 | 100£0 100+ 0 |

Table 4.7a: Summary results of disinfection of artificially contaminated pacifiers (log

reduction).
Test Type of No. of Mean =+ log reduction (n=3)
organism pacifier | challenged | Tap Boiling | Milton Microwave | Chlorhexidine
organisms water  water (CHX)
(Mean log _ !
] ctu/pacifier) | i | a
S. qureus | Latex | 6.56 235 656 656 656 | 656
Silicon | 7.58 28 758 758 758 7.58 j
E. coli Latex | 7.54 291 7.54 6.93 7.54 6.48
| | Silicon | 7.86 228 786 731 786 6.57 N
| C.ablicans |Latex _ 541|275 541 357 541 541 i
L Silicon | 601 275 601 443 6.01 | 6.01




45

4.8 Comparison of disinfectants and statistical analysis

Percentage-kill of disinfectants were compared using Kruskal Wallis non-parametric rank tests

between the types of pacifiers, types of test organisms and the disinfection procedure.

When the disinfection of latex and silicon pacifiers were compared, the results showed no
significant difference in the % kill with a p value of 0.85 (Figure 4.1). This suggests that the type

of pacifier has no effect on the disinfection method.

100.2 Comparison of latex and silicon (n=9) P=0.85
100
99.8
99.6
§ 99.4
R 992
& 99
]
2 983
98.6
98.4
98.2
98
Tap H20 Boiling Milton Microwave
m Latex ® Silicon

Figure 4.1  Comparison of different methods in the disinfection of latex and silicon
pacifiers

When the disinfection methods in decontamination of pacifiers contaminated with S. aureus, E.
coli and C. albicans were compared (Figure 4.2), the results showed that there was no significant

difference (p=0.46). This suggests that there was no difference in the results of the test

organisms.
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1005 P=0.46
Comparison of organisms (n=6)

100 -
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975 T :
TapH20 Bolling Milton Microwave CHX
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Figure 4.2  Comparison of different methods in the disinfection of pacifiers
contaminated with S. aureus (SA), E. coli (EC) and C. albicans (CA)

Results in Figure 4.1 and 4.2 suggest that the types of pacifiers and the test organisms behaved
similarly and there was no significant difference in the results of disinfection. Therefore, all the

results were pooled together to compare the methods of disinfection.

When all the results for each of the disinfection methods were pooled together (latex — SA X3,
EC x3, CA x3 and silicon — SA x3, EC x3, CA x3) and compared to one another (Figure 4.3), tap
water significantly differed from all the other sterilization methods used in this study (p=0.01
and p<0.01 respectively). However, there was no significant difference in the performance of the

disinfection methods such as boiling, Milton, microwave and chlorhexidine.
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Figure 4.3  Comparison of different methods in the disinfection of pacifiers.

5 Discussion

Pacifiers are non-nutritive objects designed for infants around 2 weeks of age to 5 years. They
are used to pacify infants when they are crying due to discomfort or feeling insecure. In addition,
they are used to increase oromotor coordination and muscular strength in feeding abilities, and to
wean them off breast feeding (Sexton and Natale, 2009; Poore et al., 2008). When it is placed in
the oral cavity, the pacifier is in direct contact with the oral saliva and its oral micro flora. These
microorganisms adhere and colonise the surfaces of pacifier (Brook and Gober, 1997; Mattos—
Graner et al., 2001; Comina et al., 2006). While studies related to pacifier contamination can be
found in the literature not much is published on the available cleaning methods and their
effectiveness. Pacifiers are made of silicon or latex with shape resembling that of a lactating

mother’s nipple. Due to their difference in texture, surface structure and durability, the
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colonization with bacteria may differ. Therefore, this study investigated the efficacy of home

disinfection procedures including commercially available chemicals in the disinfection of latex

and silicon pacifiers.
5.1 Disinfection of latex and silicon pacifiers

When the % kill results were compared between the two types of pacifiers, no statistical
difference was found (Figure 4.1, Table 4.7). For both the latex and the silicon pacifiers, boiling
and microwave radiation were adequate. Similarly, disinfection with water rinse, Milton and
chlorhexidine was inadequate. Although the latex pacifiers are known to get worn out easily and
harbour biofilms of microorganisms compared fo the silicon pacifiers (da Silveira er al, 2009;

Comina ef al, 2006), the test disinfection procedures provided similar results.

The second important aspect to consider is the formation of a bacterial biofilm on the pacifiers.
A hiofilm formation is much more casily established on a rough surface and therefore more
commonly found on old used latex pacifiers. Mature biofilms containing bacteria and a slime
layer have been found on old used latex pacifiers, whereas silicon pacifiers had a much lower
level of slime contaminated with S. aureus and C. albicans (Comina et al., 2006). Biofilms are
difficult to remove and a mature biofilm is more resistant to disinfection procedures. This
suggests that the test disinfection procedures may not be as efficient in the disinfection of old
used pacifiers. Therefore, pacifiers should be disinfected regularly from the time they are new to
prevent the establishment of a biofilm. This was seen in the study by Sio ef al., (1987), where the
presence of C. albicans was investigated on used pacifiers. They found that the use of silicon
pacifiers was associated with a lower rate of C. albicans when compared to latex pacifiers.

Furthermore, over time, used pacifiers develop a biofilm. This biofilm formation acts as a
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protective layer for the bacteria in a structural complex and therefore become progressively more
resistant to cleaning methods. It is known that the presence of a biofilm impairs antimicrobial

agents penetrating the full depth of the biofilm, thereby retarding diffusion.

However, test pacifiers in the current study were new and they did not have micro-cracks and
irregular surfaces that could shelter bacteria from the disinfection process, which explains the
similar results for the latex and silicon pacifiers. The results also showed that rinsing with tap
water certainly did not achieve complete removal of bacteria but solution (Milton and CHX), and
heat based disinfection would be effective. Furthermore, the results showed that heat based
methods such as boiling and microwaving are the 2 most effective methods of disinfection
compared to the solutions containing antimicrobial compounds (Milton and chlorhexidine) which

will be discussed further in the disinfection section (See section 5.4).

5.2 Disinfection of pacifiers contaminated with different types of bacteria

When the % kill results were compared between the contaminants, no significant difference was
found, which suggests that the methods were either adequate or inadequate for all three test
organisms (Figure 4.2, Table 4.7). However, close observation of the results showed that §.
awreus was the easiest to kill because most methods were adequate in killing this specific
bacterium. E. coli was the most difficult organism to eradicate, as it showed resilience to Milton
and chlorhexidine. Boiling and microwave (steam based) proved to be the best disinfection
procedure for all the test contaminants. Clearly, tap water rinsing eliminated the least bacteria

from the pacifiers irrespective of the type of pacifier and type of bacterium containment.
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Resilience of E. coli to the disinfection procedures is of concern because this particular
bacterium is often associated with diarrhoea (86% of infants) which is common in pacifier users
(Mathur ef a/, 1990). Festini et al, (2012) also showed that 62% of infants who used pacifiers had
at least one episode of diarrhoea in their first year of life. If the disinfection procedures are not
adequate, these faecal contaminants can be transmitted from one infant to the other, particularly
in the day care centers. Although the widely used disinfectant chlorhexidine, which was included
as a positive control, reduced 6 to 7 logs of E. coli (Table 4.7a), it failed to completely eradicate
the organism. This is also of concern with regards to hand washing antiseptic soaps which
generally contains this chemical compound. C. albicans is known to colonize pacifiers, (Comina
et al, 2006; da Silviera et al, 2009) which explains the high Candida carriage and potential
reservoir for the risk of infection in the infants who use pacifiers (Darwazeh er al, 1995).
Although Milton reduced 99.94 to 99.96% of C. albicans, the log reduction was only 3.57 to
443 (Table 4.70). meaning that if the pacifier becomes contaminated with a high number of C.

albicans, there will be a considerable number of organisms remaining on the pacifier, after the

use of Milton.
5.3  Comparison of disinfection procedures

When the efficacy of the disinfection methods were compared (Figure 4.3, Table 4.7), the results
showed that boiling, Milton, microwave radiation and chlorhexidine were significantly better
than tap water rinse (p<0.01). For the tap water rinsing, the pacifier was agitated in an upwards
and downwards motion for 2 minutes to mimic a rinsing action. Not much has been done to
investigate the effectiveness of rinsing with tap water to disinfect pacifiers or to clean surfaces.

However, rinsing is a cheap and easy cleaning method that is possibly carried out by many
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individuals from a lower socioeconomic background. Rinsing does reduce the number of
bacteria (lowest reduction — log 2.28 of E. coli from silicon pacifier). However, water has no
antimicrobial action and rinsing with tap water is purely an operator dependent mechanical
action. Furthermore, rinsing with water will remove the planktonic form of bacteria and may fail
to remove the bacterial biofilm. Similar results were reported by Chamele er al., (2012) with
toothbrush and pacifier disinfection, although the test organisms were the cariogenic bacteria, S.

mutans. They reported that rinsing with water was less effective than chlorhexidine and

microwave radiation.

Placing a pacifier in boiling water for 5 minutes is also an easy and cheap alternative and the
results showed that it was effective regardless of the type of pacifier and the contaminants. It is a
simple, easy, practical, and economical method and therefore used in many developing countries
to sterilize metal instruments. For example, in Khartoum, Sudan, 2% of dentists and in Lagos,
Nigeria, 19.3% of dentists use boiling as a method of sterilization (Elkarim ef al., 2004, Sofola
and Savage, 2003). A recent survey in India showed that up to 70.2% of dentists use boiling as a
sterilization method (Singh et al, 2012). Simple boiling for 30 minutes is known to kill all
vegetative forms of bacteria but it will only kill some spores. However, the aim of disinfection of
pacifiers is to kill all the pathogens and it is not necessary to have a sterile pacifier. In food
industries submerging oranges in boiling water for 30 seconds before squeezing juice for bottling
have been suggested to reduce the number of faecal contaminants such as £. coli (Bagci and

Temiz, 2011). In our study, not only E. coli but other pathogens such as S. aureus and C.
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albicans were completely eliminated after 5 minutes of boiling. Therefore, boiling can be used as

an effective method of disinfection.

The third sterilization method tested in this study was with Milton. Milton’s composition is 1.0
% sodium hypochlorite and 16.5 % sodium chloride. The results revealed that Milton completely
eliminated S, aureus but failed to kill E. coli and C. albicans. Hecker et al., (2012) suggested that
the effect of sodium hypochlorite in endodontic treatment depends on the duration of contact.
Corcoran et al., (2014) demonstrated that although sodium hypochlorite can reduce Salmonella
enterica, a food poison causing pathogen, it could not eradicate an early biofilm or a mature
biofilm even after 90 minutes of contact time. Results of this present study (Figure 4.7 and
Figure 4.7a) also showed that the sodium chloride/sodium hypochlorite containing product
Milton (66.66% of test samples) was less effective when compared to boiling, microwave and
chlorhexidine, with some surviving E.coli and C. albicans on both latex and silicon pacifiers.
Further studies need to be carried out to investigate the effective concentration and the exposure

time of Milton needed to eradicate these 2 organisms from pacifiers.

The use of a microwave sterilization unit to clean teats, pacifiers, milk bottles and teething rings
has become a popular method in recent years. Microwave irradiation is claimed to be a simple,
effective and inexpensive (if one already has a microwave), disinfection method. One hundred
percent kill was obtained with this method for all three organisms on both latex and silicon

pacifiers. It is important to note that in this study only one parameter (8 minutes at 900 watts)
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was tested. This result cannot be generalized to all microwaves which may have different
parameters. The manufacturers of these microwave sterilization units claim that it keeps items
sterilized for up to 24 hours provided that the unit cover has not been opened. By placing the
pacifier in the unit with water, the organisms were disinfected by both irradiation and steam. The
use of a microwave to disinfect medical and dental items have been of interest in health field. For
example Rosaspina ef al., (1994) demonstrated that 90 seconds of microwave exposure provided
effective sterilization of surgical scalpel blades which were contaminated with C. albicans. Their
study revealed that irradiation induced a morphological modification and eventually rupture of
the cell after 9 minutes. Bhasin ef ¢/., (2013) revealed that a 5 minute exposure to irradiation can
eliminate C. albicans and P. aeruginosa, while elimination of S. aureus took longer (7 minutes).
Many studies have found microwave irradiation to be effective in disinfecting used dentures,
dental impression material and dental stone (Ribeiro et al, 2009; Silva et al, 2006;

Neppelenbroek of ol 2003: Yildirim-Bicer ef al., 2014).

Finally, in this study, pacifiers were submerged in chlorhexidine for 2 minutes. This disinfectant
solution contained 2 mg/ml of chlorhexidine gluconate with 5.4% m/v ethanol as a preservative.
Chlorhexidine eliminated S. aureus and C. albicans completely from both latex and silicon
pacifiers. However, for E. coli, chlorhexidine gluconate was 99.99% effective on both latex and
silicon pacifiers. Chlorhexidine is an antiseptic agent with a broad spectrum antimicrobial
activity. Chlorhexidine destroys bacteria by breaking their membranes and inducing cytoplasmic
precipitation (Gomes et al., 2005, Cheung et al., 2012). Due to its well established efficacy, this

chemical was used as a positive control. The efficacy of chlorhexidine may be organism and
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contact time dependent. Streptococcus mutans can be eliminated from pacifiers (Nelson-Filho et
al., 2011, Chamele ez al., 2012) whereas chlorhexidine may fail to completely eliminate other
bacteria such as gastrointestinal pathogens (Sato et a/, 2005). In addition, gram negative bacilli
are known to have a low susceptibility to chlorhexidine (Brown ef al., 1989). Oral cavities of
cancer patients are known to be colonised with gram negative bacteria, particularly enteric
pathogens including E. coli even after the continuous use of chlorhexidine mouth rinse (Brown et
al., 1989, Raybould ef al., 1994). For this reason, E. coli might have survived on those pacifiers

used in this study, even after the use of chlorhexidine.
5.4 Comparison between different disinfection procedures

All the disinfection methods used in this study, including tap water, reduced the number of test
organisms regardless of the material construct of the pacifier. However, disinfection with a
chemical or heat proved to be superior to water alone. The purpose of disinfection is the removal
of pathogens and reduction of the number of bacteria. Pacifiers do not have to be sterile;
however, some of the methods used in this study showed complete elimination of test organisms
(microwave and boiling). None of the test organism was sporulating bacteria therefore this
discussion only includes vegetative forms of bacteria. It is clear that heat based disinfection was
better than chemical disinfection. Both boiling and the use of a microwave are relatively cheap,

easy to use and most people have the required equipment in their homes.

Although chemicals (Milton and chlorhexidine) reduced the number of organisms, they did not
show complete elimination particularly of pathogens such as E. coli (Milton and chlorhexidine)

and C. albicans (Milton). Montagner ef al, (2009) evaluated the antifungal action of
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chlorhexidine and hypochlorite on acrylic resin specimens, contaminated with C, albicans. They
observed that sodium hypochlorite was a more efficacious disinfectant against C. albicans than
2.0 % chlorhexidine solution. Interestingly, in our study the results revealed that Milton (sodium
Hypochlorite) did not eliminate C. albicans but 2.0 % chlorhexidine was indeed effective. Milton
is widely used and the manufacturer claims that it eliminates C. albicans but the results of this
study failed to show that. In addition, it 1s an additional cost to the consumer. Chlorhexidine is
generally not used for the disinfection of pacifiers for many reasons. It is costly and inadequate
for the enteric pathogens as also shown in the study. Furthermore, it has an unpleasant taste,

sometime causes temporary numbness in the oral cavity, alter the taste and stain teeth.
6 Limitations, Future research and Conclusions

6.1 Limitations

o The sucking motion of the tongue creates friction on the pacifier creating micro-cracks
which allows better bacterial attachment. The presence of saliva may also create a better
bacterial attachment. In this study results were based on smooth unused pacifiers. The

results reported here are on the vegetative form of planktonic bacteria rather than the

biofilm.

e Mimicking and creating micro-cracks was considered. However, to standardize these

cracks posed a challenge.

o The pacifiers were placed into the solution of contaminants for 2 minutes and no rubbing

was involved which would be different from the used pacifiers.
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6.2 Future research

e The effective exposure time and the concentration of Milton need further analysis.

e Use of chlorhexidine and the limitation particularly the ineffectiveness against gram

negative bacteria can be studied.

o Results of microwave sterilization (steam based) can be compared to another method
where the pacifier is placed in water in the microwave (boiling based). This may

eliminate the cost of a microwavable steamer.

o Further studies need to be carried out to assess the efficacy of these methods used on

pacifiers with biofilms of bacteria which are difficult to kill.

6.3 Conclusions

Effective cleaning and disinfcction of pacifiers remain an important concern. While one is aware
that pacitiers do carry and acts as a reservoir for bacterial growth, the usage of these devices are
commonly seen. This study has shown that all the test interventions, including rinsing with tap
water can reduce the number of contaminants. However, the use of disinfectant solutions such as
hypochlorite-based commercially available products such as Milton and chlorhexidine as well as
heat-based methods such as boiling and microwaving can significantly reduce the presence of the
test microorganisms. Among these methods, boiling and the use of the microwave proved to be
the best in killing the common pathogens S. aureus, E. coli and C. albicans completely. These
methods are cost effective, readily available and easy to use. Education to the care givers in the

day care centers and to mothers with regards to the contamination and decontamination of
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pacifiers is important. It may reduce the transmission of pathogens and hence prevent and reduce

the onset of infection among pacifier using infants.
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7.2 Media and reagents

Blood Agar

39¢g Columbai agar (Oxoid Itd, UK)
1000 ml Distilled water

5g Sterile defibrinated blood

Columbia agar base was suspended in 1000 ml distilled water. It was dissolved completely by
bringing to boil. It was sterilized by autoclaving at 15 Ib and 121°C for 10 minutes, allowed to
cool to 50°C and 5 % sterile defibrinated blood was added. The agar was poured into plates and

allowed to set. Plates were labelled and refrigerated until use.

Sabouraud Agar
65 g Sabouraud Agar

1000 m/ Distilled water

Sabouraud agar was suspended in 500 ml distilled water. The other 500 ml of distilled water was
boiled. Both were mixed and boiled together. Agar was aliquoted, sterilized at 121°C, 15 Ib

pressure for 20 minutes, cooled to 45°C and plates were poured.



Phosphate Buffered Saline (PBS)

42¢ Sodium chloride

0.078 g Sodium dihydrogen phosphate
0.64 ¢ Sodium hydrogen phosphate
500 m/ Distilled water

Solids were suspended and autoclaved at 15 1b, 121°C for 15 minutes and dispensed.

7.3 Statistical analysis

(Attachments on pages below page 61 - 64)
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name: <unnamed>
log:
log type: text
opened on: 17 Nov 2014, 14:13:05
R o S S Rt SR

. use "Pacifier.dta"

. k1 DESCRIPTIVES

/Users/macbookpro/Documents/Stata/Pacifier. log

. tab type
Type | Freq. Percent Cum.
Silican | 45 56.00 50.00
Latex | 45 50,00 100.00
Total | 99 100.00
. tab org
Org. | Freq. Percent Cum.
S. aureus | 30 33:33 33.33
E. coli | 30 33.33 66.67
C. albicans | 30 33..33 100.00
Total | ae 100.00
. tab method
Method | Freg. Percent Cum.
Tap water | 18 20.00 20.00
Boiling | 18 20.00 40.00
Milton | 18 20.00 60.20
Microwave | 18 20.00 8@.00
Chlorhexidine | 18 20.00 10@.00
Total | 90 100.00
. sum kill, detail
% kill
Percentiles Smallest
1% 96.43 96.43
5% 99.49 98.5
10% 99.79 99.08 Obs 90
25% 99.99 99.46 Sum of Wgt. 9@
50% 100 Mean 99.,89667
Largest Std. Dev. .4223423
75% 100 160
90% 100 100 Variance .178373
95% 100 100 Skewness -6.753457
99% 100 10@ Kurtosis 53.12129

. *%2.Does type of material have any influence on

. table type, c(mean kill sd kill)

the % kill?



Type | mean(kill) sd(kill)
- Silicon | 99.8733 .5397643
Latex | 99.92  .2614208

.

. kwallis kill, by(type)

Kruskal-Wallis equality-of-populations rank test

type | Obs | Rank Sum

Silicon | 45 | 2066.00
Latex | 45 | 2029.00

+F——

I
|
l
|

chi-squared 0.022 with 1 d.f.

1w

probability 0.,8813
chi-squared with ties = 0.034 with 1 d.f.
ﬁ* probability = 0.8538
s
) + *NO SIGNIFICANT EFFECT OF TYPE ON %KILL
. *3. Does organsism have any influence on the % kill?
. table org, c{mean kill sd kill}
Org. | mean(kill) sd(kill)
S. aureus | 99,9137 .2883902
E. coli | 99,8523 . 6499983
C. albicans | 99.924 .1966195
. kwallis kill, by(org)
Kruskal-Wallis equality-of-populations rank test
+ -—+
| org | Obs | Rank Sum |
I + i [
| S. aureus | 30 | 1477.50 |
| E. coli | 3@ | 1339.50 |
[ C. albicans | 30 | 1278.00 |
+ e t
chi-squared = 1.020 with 2 d.f.
probability = 0.6006
%> chi-squared with ties = 1.552 with 2 d.f.
(?éiu probability = 0.4602

.

. #NO SIGNIFICANT EFFECT OF ORGANISMS ON %KILL
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. *4 Does treatment have different effects on the % kill?
. table method, c(mean kill sd kill)

Method | mean(kill) sd(kill)

Tap water | 99.5022 .8518¢13
Boiling | 100 )
Milton | 99.9822 .0438655
Microwave | 1080 ]
Chlorhexidine | 99.9989 .0032345

. kwallis kill, by{method)

Kruskal-Wallis equality-of-populations rank test

+ +
| method | Obs | Rank Sum |
r ; . l
| Tap water | 18 | 184.50 |
| Boiling | 18 | 1062.00 |
| Milton | 18 |  792.50 |
| Microwave | 18 | 1@62.00 |
| Chlorhexidine | 18 | 994.00 |

chi-squared 44,934 with 4 d,f.

o

probability 0.0001
chi-squared with ties = 68.411 with 4 d.f.
probability = 0.0001

- *SIGNIFICANT EFFECT OF TREATMENT METHOD ON %KILL, WE NEED TO FIND THE EFFECTIVE
> METHODS

. *5 Which treatment is significanly better than water (w)?
. oneway kill method, tab sch

Summary of % kill

J
Method | Mean  Std. Dev. Freq.
Tap water | 99.502222 .85190132 18
Boiling | 100 0 18
Milton | 99.982222 . 04386547 18
Microwave | 100 Q 18
Chlorhexi | 99.998889 .0@32345 18
Total | 99.896667  .42234228 90
Analysis of Variance
Source 5SS df MS F Prob > F
Between groups 3.50479846 4 .876199614 6.02 0.0003
Within groups 12.37@3985 85 . 1455341
Total 15.875197 89 .178373

Bartlett's test for equal variances: «chi2(2) = 228.4909 Prob>chi12 = 0.800

note: Bartlett's test performed on cells with positive variance:



2 multiple-observation cells not used

Comparison of % kill by Method

(Scheffe)
Row Mean-|
Col Mean | Tap wate Boiling Milton Microwav
Boiling | .497778
| 0.007
l
Milton | 48 -.017778
| 0.010 1.000
[
Microwav | .497778 4} .017778
| 0.007 1.000 1.000
I
Chlorhex | . 496666 -.001111 .016666 -.001111
| a.007 1.000 1.0080 1.000

. *ALL TREATMENT BETTER THAN WATER STATISTICALLY.
. *SOME TREATMENTS ARE NOT SUPERIOR TO EACH OTHER SUCH AS MILTON AND BOILING WATER

log close
name: <unnamed>
log: /Users/machookpro/Documents/Stata/Pacifier. log
log type: text
closed on: 17 Nov 2014, 14:13:05
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The eff cacy of home disinfection techn!ques for pacaﬂers 1 Introduction Pacifi ers/dummles/soothers are

items designed for infants aged from around 2 weeks to around & years of age. They are used to pacify
infants/toddlers when they are in discomfort; feeling insecure or crying, when they are sick, have colic or
are teething. Sometimes they are given just before bedtime lo sooth them, The pacifier is usually sucked
by the infant for a period of time, and at many times during the day. It simulates the mother’s breast nipple
and therefore comforts them. This sucking motion involves creating a seal with the lips while sucking, and
swallowing at intervals. Once the pacifier has been introduced into the oral cavily, it comes in conlact with

' saliva and with the oral microflora of the oral ¢ éawty The oral microflora is composed of many y different

microorganisms including pathogenic species. The chemical composition of the saliva serves as nulrients
for these microorganisms. These microorganisms including pathogenic species present in the saliva
adheres lo the pacifier and therefore the pacifier becomes colonized. When the pacifier is not in use, it is
usually kept in a pacifier container, or chained and attached to the infants’ clothes hanging free and in
reach of the infant to reuse at leisure. This can allow bacteria to grow on the pacifier between uses which
could become potentially pathogenic to the child. Over time this growth of bacteria may result in a
tormation of a biofilm which are microbial aggregates included in an extracellular matrix (Costerlon et al
1999). Furthermore the pacifier can be contaminated with bacteria from the environment as they can stick
to the pacifier as children often drop the pacifiers on the floor, Parents or caregivers may suck on the
pacifier in attempt to clean it, and place it back into a child’s mouth. Sucking on a fallen pacifier may
remove loose dirt and sand, but further contaminates the pacifier with additional oral bacteria. In daycare
centers cross contamination between sick children can also occur through the use of pacifiers. Therefore
it is important to remove the bacteria and prevent the biofilm from maturing, since malure biofilm is more
resistant to disinfection procedures. This study invesligated the efficacy of commercially available
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sterilizing systems and disinfeclion procedures. 2 Literalure Review 2.1 Pacifiers Pacifiers are used by 75-
85% of babies in Western countries (Niemela et al 2000). They constitute of a nipple. a shield/guard and a
ring. The ring serves as a handle and is attached (o the shield. Il lies exira orally and is the area designed
{0 be held when placing or removing the pacifier from the infant’s menth. It is made of polycarbonate. The
shield is also made of polycarbonate. The shield, like the ring, lies extra-orally. It is generally 1,5¢cm in
radius in all directions. This is a safely measure which prevents the infant from swallowing or choking on
the pacifier. It is therefore sometimes referred to as a guard. Some pacifiers may have two perforations on
either side of the shield. These perforations serve as ventilation holes, protecting the skin around the
infant's mouth. Without them, saliva can collect behind the shield, irritating the skin and causing a rash.
The nipple is the sucking part of the pacifier and is the part that is attached to the shield. It is made of
silicon or latex and the shape resembles thal of a lactating mother's nipple. These nipples come in two
distinct shapes, the round shape pacifier known as the conventional pacifier or the flattened end on one
side pacifier known as the orthodontic pacifier. Orihodontic pacifiers are recommended by dentists due to
the ergonomic shape. The flattened shape permits the longue to be accommodated, allowing a more
natural sucking posture (Figure 2.1). Some researchers have proved thal the malocclusions seen in
toddlers using these pacifiers are slightly less than, toddlers that used a conventional pacifier, {Adair et al,
1992). Both these shapes of the nipples are manufactured using either silicon or latex. Figure 2.1:
Conventional and orthodontic pacifier 2.1.1 Types of pacifiers There are iwo types of pacifiers available,
latex and Silicon (Figure 2.2). Silicone pacifiers are sturdier than latex pacifier. They also clean more
easily (Redmond et al 2009) and do not retain odours. However latex pacifiers are more soft and flexible,
which an infant may prefer. This softness results in the pacifier being worn out easily resulting in micro
cracks (Mainstone, 2004). These rough surfaces and micro cracks harbor bacteria, making it difficult o
clean, A study has shown that latex pacifiers have rugose and irregular surfaces which become colonized
with microorganisms including Candida albicans and C. parapsilosis which cause oral thrush (da Silveira
et al 2009). Comina et al 2008, collected used latex and silicone pacifiers and performed direct
microscopic observations of the biofilm. The results revealed contamination of latex nipple clearly showing
a mature biofilm, in which bacterial cells (rods) were embedded in slime. The silicone pacifiers had a much
lower level of slime contaminated with Staphylococcus. In this study the new latex pacifiers presented a
clean surface however the surface was irregular and showed many grooves. Whereas surfaces of the new
silicone pacifiers were also clean, but were much smoother then the latex pacifiers. Figure 2.2: Latex and
silicone pacifier 2.2 Advantages of pacifiers As dentists, a common guestion asked by mothers is “is it ok
{o give my child a dummy?” It is therefore important for a dentist and other health care providers to be
aware of the advantages and disadvantages of pacifiers when advising parents. It is highly queslionable
as 1o whether a pacifier is a convenient and an efficient alternative to children sucking their thumb. 2.2.1
Analgesic effects Nonnulritive sucking is a natural reflex for a fetus and newborn (Sexton and Natale,
2008). This can be noted on ultra-sound scans as the felus may be seen sucking on their hands or
fingers. A pacifier may serve to fulfill this innate desire. According to Niemela et al 1995, the infant's need

for sucking is greatest during the first 6 months of life. A subgroup of
3the American Academy of Pediatrics (AAP) has listed the use of pacifiers

{o have analgesic effects on newborns and infants less than 6 months of age who are undergoing minor
medical procedures (Zempsky and Cravero, 2004, Kaufman el al 2002) such as catheterization,
immunizations, lumbar puncture and circumcision. It also has an analgesic effect on a teething toddler.
Shorler hospital stay for preterm infants has also been listed as an advantage (Sexlon and Natale, 2009).
However the exact mode of action is not fully undersiood. 2.2.2 Oromotor development The sucking reflex
assists preterm babies who are at risk of oromotor dysfunction to develop better sucking reflex and
therefore improve an oral feeding ability (Poore et al 2008). It does not require a lot of energy to suck and
assist in good coordination and muscular strength. Therefore it is important that preterm infants start oral
feeding as soon as possible to survive and get healthy quickly. It is believed that the oral feeds would
increase the daily weight gain and therefore assist in the infant being discharged from hospital earlier.
However in evidence — based systematic review by Arvedson et al (2010) on the effects of motor
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interventions on feeding and swallowing in preterm infanls, found none of the oral molor interventions
provided consistent positive results on weight gain. The non nutritional sucking did however show strong
positive findings for improvement in some feeding and swallowing physiology and found that non
nutritional sucking did reduce transition time to oral feeds. Also the continuous sucking would increase the
tension of the muscles of the upper airway. A pacifier also facilitates in keeping the tongue in a more
forward position and in doing so protects the airways (Jenik and Vain, 2009). 2.2.3 Reduction of sudden
infant death syndrome In literaiure, the reduction of sudden infant death syndrome (SIDS) in infants who
use a pacifier while sleeping is well documenled {Hauck et al 2006; Mitchell et al 2006, Sexton and Natale,
2009). However the exact mechanism is not fully understood. The diagnosis of SIDS is primarily a
diagnosis of exclusion. This means that it is given only after all other possible causes of the baby's death
have been ruled out, in an apparently heaithy infant, usually during sleep. Sudden infant death syndrome
is one of leading cause of death in infanis beycnd the neonatal period in the United States (Arias et al
2003). AAP guidelines suggests that offering pacifiers to an infani at the onset of sleep, soon afler
breastfeeding has been established to reduce the risk of SIDS (AAP, 2005). The guidelines recommend at
leasi establishing breastfeeding first for a month before introducing a pacifier, as later onset of pacifier use
appears to have fewer negative effects on breastfeeding (Howard et al 2003.) Reduction in SIDS due to
{he use of a pacifier could be due to the decrease in the likelihood of rolling into the prone position,
increased arousal, maintained airway patency, decreased gasiroesophageal refilux and resultant sleep
apnea, or increased respiratory drive wilh carbon dioxide retention (Hauck et al 2005). 2.3 Disadvantages
of pacifiers 2.3.1 Denlal malocclusions There are many disadvantages of pacifier usage have been
suggested. One of the commonly known disadvanlages of the long term use of pacifiers (for more than 2
years of age) is the development of dental malocclusions. The most notable changes are an increase in
the prevalence of an anterior open bite (Zimmer et al 2011), posterior cross bite, narrow intercuspid width
of the maxillary arch, and a high narrow palate (Poyak, 2006). However orthodontic pacifiers are readily
available in the market, claiming the use of these pacifiers do reduce these malocclusions when compared

to the use conventional pacifiers.

30rthodontic pacifiers have been scientifically designed to support the shape
of babies’ developing palale and jaws. The flattened shape not only simulates
the shape of a mother’s nipple when flattened in the mouth, but also
encourages the most natural sucking action to help proper oral development.
| Studies indicate that children who use orthodontic pacifiers have a slightly
smaller chance of developing an open bite than who use conventional round

pacifiers,

(Adair et al 1992).

3This difference is hard to demonstrate, though, because neither type tends to

cause noliceable problems unless sucked on for more than 2 years

(Sexton and Natale 2009). 2.3.2 Exposure to Bisphenol A Bisphenol A (BPA) is an industrial chemical that
has been used to make certain plastics and resins and can be found in pacifiers. It is added to enhance
the malleability and therefore without this chemical the guard and the ring of pacifier would be hard and
brittle. Some researchers have shown that BPA can seep out and pose a possible health risk such as
cancer and is also associated with premature puberty (Aliprandini et al 2011), since the compound
imitates estrogens. The infant's mouth is in direct contact with the shield creating a warm and humid
environment which results in BPA migration. Studies have shown that migration of BPA increase with
increase in temperature and, over time with pacifier use (Nam et al, 2010). There are BPA free pacifiers
available in the market. 2.3.3 Colonization and transmission of pathogens and risk of infections Pacifiers
3121
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are known to carry microorganisms. Once the pacifier has been introduced into the oral cavity, it comes in
contact wilh saliva and with the oral microfiora of the oral cavity. The oral microflora is composed of many
different microorganisms including pathogenic species. These microorganisms adhere to the pacifier
forming a slimy coating of bacteria called a biofilm. This becomes worse by cross contamination when
care givers do not wash their hands when handling pacifiers. Bacterial biofilm is a struclured community of
bacterial cells enclosed in a self - produced polymeric matrix and adherent to an inert or living surface
(Costerton et al 1999). Biofilms constitute a protected mode of growth that allows bacterial growth and
survival in a hostile environment, Biofilm infection can rarely be resolved by a host defense mechanism.
Antibiotic therapy typically reverses the symptoms caused by the bacteria release from the biofilm, but
fails to kill the bacteria (Marrie et al 1982). The polymeric subsiances that make up the matrix of the
biofilm are known to retard the diffusion of antibiotics. It is possibly for this reason that pacifier users are
more prone to the common cold, flu and diarrhea as they can re- infect themselves with the palhogenic
micro-organisms found in this biofilm coated pacifier. It has been noted that pacifier users have a
significantly higher rate of Candida carriage in lhe oral cavity (Darwazeh et al 1995). In another study the
presence of oral yeast and its relationship with sucking and feeding habils was investigaled. This study
showed no relationship with the prevalence of yeast with breast feeding or bottle feeding but the use of a
pacifier was positively associated with ihe presence of yeast infections (Mattos-Graner et al 2001).
Research regarding the use of pacifiers and the associated risk faclor in otitis media is controversial.
Acute otitis media (AOM) usually occurs when one has a (viral) upper respiratory tract infection with
blockage of the Eustachian {ube and escape of fluid in the middle ear, which becomes infected with
bacteria. The most common bacteria found in this case are Streptococcus pneumoniae, Haemophilus
influenzae and Moraxella catarrhalis (Lieberthal et al 2013). Studies have shown an increase in risk of ear
infection in infants using a pacifier. Some studies indicated this increase fo be up to three times higher in
infants using pacifiers (Hanafin and Griffiths, 2002). The frequency of use of the pacifier was also directly
proportional to the chances of developing ofitis media (Hanafin and Griffiths, 2002). Parents are therefore
often informed about the possible negative effects of the use of a pacifier once their child has been
diagnosed with AOM to avoid recurrent episodes (Rovers et al 2008). Interestingly, pacifiers collected
from children with olilis media failed to show presence of pathogens responsible for otitis media. However,
oral microorganisms were found on these pacifiers (Brook and Gorber, 1997). 2.3.4 Early development of
dental caries Relationship between the use of pacifiers and early development of dental caries has been
suggesied. In an evidence-based study of literature, the question of whether the use of a pacifier plays a
role in causing early dental caries showed weak correlation because of inconsistencies in the study
methods. The inconsistencies included: the variation of the definition of early dental caries among studies
and the variation of criteria to identifying lesions. The use of a pacifier frequency and duralion was also
not reporied on clearly (Peressini, 2003). The use of a sweeter on the pacifier was not indicated and the
age of the children varied among studies. However some studies listed the use of pacifier as a potential
risk factor for the development of dental caries. In a prospective study, 18 month old children with pacifiers
had a greater risk of developing dental caries by the age of 3 years compared to the children with thumb
sucking habit, (Yonezu and Yakushiji, 2008). Oliila et al 1998, also reported that prolong pacifier sucking
was a significant risk factor for the development of early dental caries in children. Often these pacifiers are
dipped into sweet substances which may be partly responsible for the development of dental caries
(Aliprandini et al 2011). Whatever the reasons, & parent or a caregiver may introduce a pacifier to an
infant; the prime importance is to not harm the infant. Well documented disadvantages of using a pacifier,
are acute media otitis, diarrhea and oral thrush. These disadvantages can be reduced if effective
disinfecting methods are carried out to reduce the number of contaminants including pathogens.
Therefore it is important to understand the contaminating microorganisms. 2.4 Contamination of pacifiers
with oral microorganisms Once the pacifier enters the mouth it becones contaminated with oral bacteria.
Most of the time these oral bacteria five in harmony with the host however if the balance is disrupted they
can cause infections. In addition, some of the bacieria such as respiratory lract pathogens are acquired by
the oral cavity. They remain in the oral cavity as transient flora but they can cause infections as well as
they can be transmitted to others. Therefore anything placed in the mouth including pacifiers can become
contaminated with oral flora as well as pathogens. These bacteria will continue to colonize the pacifier until
disinfected. While using a pacifier, a child is prone (o dropping it on the floor. This results in contamination
4121
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with environmental bacleria. Parents or caregivers may suck on the pacifier in attempt to clean it, and
place it back into a child’s mouth. Sucking on a fallen pacifier may remove loose dirt and sand, but further
contaminates the pacifier with additional oral bacteria, In daycare centers cross contamination between
sick children can also occur through the use of pacifiers. A dirty pacifier grows a slimy biofilm which can
become progressively more resistant fo antibiotics and detergents. Bacterial sensitivity to antimicrobial
agent has been shown to be much lower when they are constituents of a biofilm than when they are in
aqueous suspension (Costerlon et al 1999). 2.4.1 Types of pathogenic contaminants For the purpose of
this study, the causative organism of sepsis, Staphylococcus aureus, the causative organism of oral
thrush, Candida albicans and the causative organism of diarrhea Escherichia coli will be discussed.
2.4.1.1 Staphylococcus aureus Staphylococcus aureus, (S. aureus) is a Gram - positive, coccus — shaped
bacteria. They are members of the Staphylococcaceae family. A typical characteristic of S. arueus on agar
plate are that they are yellow to a golden in appearance. Some strains are often surrounded by a clear
zone as it is hemolytic on blood agar. They can grow at a temperature range of 15 to 45 degrees. S.
aureus occurs in clusters resembling grapes. They grow in clusters (Mims el al, 2004) because the cells
divide successively in three perpendicular planes with the sister cells remaining attached lo one another
following each successive division (Todar, 2013). S. aureus is facultative anaerobes that grow by aerobic
respiration or by fermentation thal yields principally lactic acid and it is catalase- positive and mannitol-
positive. A coagulase test determines pathogenic from non- pathogenic Staphylocci, which 8. aureus
would test positive. It is estimated that 20% of the human population carry S. aureus (Kiuytmans et al,
1997) which can be found as part of the anterior nares of the nasal passages (Kluylmans et al, 1997; Cole
et al 2001) and respiratory tract. It may occur as commensal, and under these circumstances does not
always indicate infection and therefore does not require treatment. However

1it is a common cause of skin infections such as boils, pimples,

impetigo, cellulites, folliculitis, carbuncles, abscesses (Todar, 2013). It also may cause food poisoning
(Brooks GF et al, 2001), and respiratory tract infections such as sinusitis. Mare life-threatening diseases
are pneumonia, meningitis, osteomyelitis, endocarditis, toxic shock syndrome and septicaemia {Mims et
al, 2004). S. aureus is transmitted through air droplets and aerosol. The bacteria can be released in the
air through saliva droplets when an infecled person coughs or sneezes. These droplets of saliva
contaminated with bacteria can infect other people. Ancther mode of transmission is through direct
contact with objects including towel sheets and clothing that are infected with the bacteria. S. aureus is
also still one of the five most common causes of nosocomial infections (infections coniracted during
hospital stay). Newborn infants are often colonized with Staphylococcus aureus originating from health
care workers (Mernelius et al, 2013). It can therefore be said that any caregiver can transfer the bacleria
to the infant. This could be directly or through handling of the infants’ personal items which includes a
pacifier. Since S. aureus is favored by warm moist conditions, the use of a pacifier maintains such an
environment which therefore acls as a harvesting device. This is exacerbated if the skin around the mouth
is broken by disease such as eczema. In infants S, aureus infection can also cause a severe disease
known as Staphylococcal scalded skin syndrome (Bukowski et al, 2010). Drug resistance in these bacteria
is a known problem therefore trealment is guided by sensitivily testing. Severe infections require
prolonged intravenous therapy with B ~ lactamase — resistant antibiotic such as penicillin with clavulanic
acid (augmentin). If resistance is not present then penicillin G is the treatment of choice (Brooks GF et al,
2001). Methicillin resistant S. aureus is a known problem as well. 2.4.1.2 Candida albicans Candida
albicans (C. albicans) is a yeast, unicellular fungi that causes candidiasis or candidosis. C. albicans exists
in two forms a trait known as dimorphism. The yeast form of the organism is believed to be relatively
innocuaus, but the hyphal form is usually associated with invasion of the host tissue. Candidiasis is the
most common opportunistic oral fungal infection in the humans, This fungus is found in the normal flora of
about 50% of healthy individuals (Bork et al, 1993). These individuals are carriers of the organisms in their
mouths and may or may not present any clinical evidence of infection. Clinicians have recognized that oral
candidiasis may develop in people who are immune compromised. The predisposing factors for the
development of infection are the immune slatus of the host, the oral mucosal environment and the type of
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. albicans strains. Therefore Candidal infections are commonly seen in immunocompromised patients
such as patients with HIV, cancer and organ transplant (Bagg et al, 1999: Bork et al 1993), and diabetes
mellilus (Bagg et al, 1999). Individuals on broad spectrum antibiotics and with poor oral hygiene may also
present with this infection. The clinical manifestations presents as white dots, patches or plaques also
called thrush (Bagg et al, 1998). Thrush can also be found in the vaginal area or oral cavity. About 15% of
newborns present with oral thrush which can be seen a week afier delivery. Transmission occurs during
delivery (Newman and Nisengard, 1988) as the pH of the vagina and the newborn mouth supports the
growth of Candida (Bork et al, 1993). Thrush can also commonly be seen in infants that use bottle nipples
and pacifiers (Bork et al, 1993). Often mothers attempl to clean a bottle nipple or pacifier that has fallen
on the floor by sucking it which can transmit Candida from mother to child. Lalex pacifiers have been
found to be significantly colonized with Staphylococeus and Candida than pacifiers made of silicon (Sio et
al, 1987; Comina et al, 2006). This is believed lo be because lalex pacifiers are softer and therefore can
easily get micro - cracks. It's these micro — cracks that serve as a niche for organisms to colonize. C.
albicans has a variety of clinical manifestations, making diagnosis difficult al times. Below are the common
oral manifestations. Pseudomembranous candidiasis, (PC), presents with the common thrush like
appearance. It is characlerized by the presence of adherent white plaques that resemble cottage cheese
or curdled milk on the oral mucosa. The white plagues composed of tangled masses of hyphes, yeasts,
desquamated epithelial cells, and debris. Rubbing with dry gauze can remove the plagues. This form of
candidial infection can somelimes be noted when an individual has been exposed {o broad spectrum
antibiotics, as it results in eliminating compeling bacteria, or by impairment of the patient’s immune

system. The immune dysfunctions seen in leukemic patients or those infected with the human

immunodeficiency virus are often associated with pseudomembranous candidiasis. Infants may also be

affected because of their underdeveloped immune systems. Erythematous Candidasis, may or may not

show white flecks or a white component as it is not 8 prominent feature. It is more common than PC.

Several clinical presentations may be seen. Acute atrophic candidiasis or antibiotic sore mouth typically
follows a course of broad- spectrum antibiotic. Patients may complain of & burning sensation in the mouth.
A diffuse loss of the filiform papillae of the dorsal tongue, resulting in a redness appearance. Central

atrophy (median rhomboid glossitis), clinically appears a well demarcated erythematous zone

papillary
c. The erythema is due 1o the loss

{hat affects the midline, posterior dorsal tongue and often asymptomati
of {he filiform papille in the area. Angular cheilitis, can be seen in individuals with a loss of facial verlical
height. This results in a skin fold that extends from the corners of the mouth, As saliva seeps out of the
mouth it builds up in these folds, If these individuals are candidia carriers it may cause an reddish crushing
hese folds as the saliva accumulates in this area. In a similar fashion infants that use
pacifiers may present with a reddish rash like appearance around their mouths where the pacifier shield
sits. This oceurs because some saliva seeps out the mouth and builds up behind the shield, which is in

{ with the skin. Denture stomatitis, is seen in individual that wear denlures, who has poor
patches. The denture

appearance around t

direct contac

denture hygiene. The denture bearing areas appear red and inflamed with white

creates an environment conducive for candidial growth. The diagnosis of candidiasis is usually established

by the clinical signs in conjunction with exfoliative cytologic examination. A specimen of culture is obtained
by rubbing a sterile cotton swab over the lesion and then streaking the swab on the surface of a
sabouraud agar plate. C. albicans will grow as creamy, smooth surfaced colonies afler 48 hours of

incubation at room temperature. Candidal organism can be seen microscopically in either an exfoliative

cytological preparation or in tissue sections obtained from biopsy specimen. On staining with the periodic

acid - Schiff (PAS) method, the candidal hyphae and yeasts can be readily identified. This method stains
carbohydrates, which is abundance in the fungal cell walls. This stain causes the organisms to appear

bright-magenta in colour imparied by the stain. To make the diagnosis of candidiasis, one must be able to

see hyphae or pseudohyphae which are essentially elongaled yeast celis. Oral C. albicans can be treated
with antifungal agents such as fluconazole and nystatin. If the use of broad spectrum antibiotic is the
cause of infection, an interflora can be prescribed. Good oral hygiene is also important in aiding {reatment.
Therefore any objects placed in the mouth such as dentures, pacifiers and utensils should be thoroughly
cleaned. 2.4.1.3 Escherichia coli In 1885, Theodor Escherich was the first to described Escherichia coli (E.
oli commune, which he isolated from the feces of newborns (Todar 2012; Nodqvisl

coli), as Bacterium ¢
E. coli is the head of the large bacterial family,

2013). It was laler renamed Escherichia coli.
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Enterobacteriaceae. This enteric species is a gram- negative, facultative anaerobic, rod — shaped
bacterium (Brooks GF et al, 2001; Gillespie & Bamford, 2007). A capsule or microcapsule is often present
and a few strains produce profuse polysaccharide slime (Sussman 1997) E. coli is known to be a harmiess
commensal, part of the normal gut flora, as its natural habitat is the intestine of warm blooded animals and
humans (Brooks GF et al, 2001). These bacleria can be beneficial within the intestine {(Hudault et al, 2001;
Reid et al 2001). It can also be found in the environment in water and soil. Some strains such as
enterotoxigenic and enteropathogenic E. coli cause diarrhoea. In addition they also cause urinary tract
infections, neonatal meningitis and septicemia {Gehlbach el al, 1973; Evans et al, 2007). The
gastrointeslinal tract of most warm ~ blooded animals and infants are colonized by E. coli within hours or a
few days after birth. This is because the bacteria can adhere to the mucosa lining of the gut. Fecal - oral
transmission is a roule through which pathogenic strains can be contracted. The bacterium can also be
ingested in food or water or obtained directly from other individuals handling the infant. Since E. coli is
present in the environment in water and soil, toddlers can easily coniract this pathogen. Studies have
shown that pacifiers do become contaminated with fecal microorganisms and children who use pacifier
contract diarrhoea more frequently as compared to the non-users (Tomasi et al, 1994). Once eslablished,
an E. coli strain may persist for months or years as a commensal. Some strains of E. coli that exist in the

2human gut have beneficial functions, for example the production of vitamin

K12. They also prevent pathogenic bacteria,

from establishing themselves in the intestine. A rapid shift may occur after enteric (pathogenic E. coli)
infeclion, or a shift in states of health, or due to antimicrobial therapy that disturbs the normal flora
(Gillespie & Bamford, 2007). However, nonpathogenic E. coli have therapeutic use as a probiotic agent in
medicine, mainly for the treatment of various gastroenterological diseases (Grozdanov et al, 2004)
including inlammatory bowel disease (Kamada et al, 2005). In a laboratory environment, E. coli can be
grown in media with glucose as the sole organic constituent. It can also grow on peptone or meat extract
media or MacConkey agar. They can grow by aerobic or anaerobic respiration (Brooks GF et al, 2001).
Under anaerobic conditions it will grow by means of fermentation, producing characteristic “mixed acids
and gases as an end products (Brooks GF et al, 2001). Optimal growlh of E. coli occurs al 370C within 24
hours of incubation A healthy adult generally will recover fully within 5 to 7 days after been infected with

pathogenic E. coli.

2The individual may experience sudden abdominal pain/ cramps, typically as the

first symptom.

A walery diarrhcea generally follows

2a few hours after the sudden abdominal pain.

2A day later there may be bright red hloody stools, caused by sores in the

intestines. Nausea vomiting
and fever may also be present. Fatigue is common following diarrhoea as there is a

2loss of fluids and electrolytes (dehydration), making the patient feel sick and

tired.
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2young children, elderly individuals and patients with weakened immune

systems can develop potentially fatal

complications and therefore may need medical altention.

2No current treatments can cure E. coli, it has to run its course. Most doctors

advise patients to get plenty of rest and

fluids to prevent dehydration. 2.5 Decontamination of pacifiers There are many different types of
disinfection or sterilization methods available in the market that can decontaminate pacifiers. Consumers

select a type depending on disinfection or sterilization time, efficiency, costing and methodelogy. The
simple method of submerging the pacifier in boiling water for 5 minutes and possibly adding some salf or
bicarbonate soda to the water is used by many mothers. Boiling kills vegetalive bacteria but not spores.
However, this method is simple, cost effective and short. 2.5.1 Disinfectants 2.5.1.1 Sodium hypochlorite
Submerging pacifiers in chemicals such as diluted chlorine based solutions for a period of time has been
recommended and these solutions are commercially available. Sodium hypochlorite has been used widely
in clinical care as a disinfecting agent and is known to be highly effective in cleaning surfaces
contaminated with all types of micro- organisms (Rutala and Weber 1999; 1997). The mechanism of
antibaclerial activity of chlorine containing compounds such as sedium hypochlorite is not fully understood.
The postulated mechanism by which its aclivity does occur is thought to be due to inhibition of key
enzymatic reaction within the cell and protein denaturation (Rutala and Weber, 1997). Efficacy of sodium
hypochlorite decreases the presence of light, heat, organic and inorganic containments and the shelf life is
reduced with decreasing concentrations {Johnson and Remeikis 1993). Chlorine based soiutions such as
Milton has been markeled for disinfecting baby teats, bottles, pacifiers and utensils. Milton is readily

available al local stores, which

1is made of an aqueous solution of 1.0% sodium hypochlorite and 16.5%

sodium chloride. The

manufaciures instructions are to dilule in a noncorrosive plastic container with a lid. ltems are disinfected
by soaking in this solution for 30 minutes. However, pre-cleaning of pacifiers is very important and
therefore recommended. Thrush is a common problem in babies, and the manufactures of Milton claims

that Milton kills C. albicans.

1 After removing from the Milton solution, pacifiers can be drained and used

immediately

without rinsing. The

1World Health Organisation (WHO) considers that the acceptable level of

chlorine for drinking water is at 5 mg/l

1(0.5 % of the solution). Milton sierilizing solution is made up
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10.012% of chiorine which is far less than the level accepted by WHO. This

explains why it is not necessary to rinse, as there would be a risk of

contaminating the bahy’ ¢ accessories again by rinsing them.

2.5.1.2 Chlorhexidine Chlorhexidine is a broad spectrum disinfectant with well-established efficacy, It is not
packaged or marketed as a pacifier disinfecting agent. However, sludies on pacifiers and disinfectants
have included chlorhexidine either as a positive control or recommended disinfection for pacifies
(Chamele et al 201). Chlorhexidine, a cationic bis — biguanide is an antimicrobial agent which has been
used as a broad spectrum antiseptic since 1953. It is used extensively in the fields of medicine and
dentistry in mouth rinses, antiseplic soaps and surface disinfectants. Chlorhexidine has been used in the
treatment of oral candidiasis since the 1970's. In studies on polygunides il was found that certain
bisbiguanides had a very broad antimicrobial spectrum. By structural variation they arrived at the agent
with the grealest bacteriostatic and bactericidal feature, 1,6 — bis — 4 — chloro — phenyldi -
guanidonhexane, a synthetic cationic detergent usually referred to as chlorhexidine (Gjermo et al 1970,
Brecx et al 1992). Rinsing the oral cavity with 0.12 % chlorhexidine reduces the number of bacteria in the
saliva by up lo 95 % in the course of few days. In a study by Grossman et al, (1988) showed that use of
chiorhexidine can reduce gingivitis, gingival bleeding and dental plaque. Chlorhexidine is a water soluble
compound and is dissociable, allowing it's positive charges {o bind to teeth (Rolla et al, 1970), oral soft
tissues (Bonesvoll et al, 1974) and to the negatively charged bacterial cell wall (Mohammadi et al, 2009)
and extracellular complexes (Loe et al, 1970). The binding to bacteria interferes with membrane
transports mechanism allowing leakage of low molecular weight substances and at high concentrations it
penetrates the cell wall precipitating the cellular cytoplasm causing cell death (Greenstein et al, 1986;
Gomes et al 2005). General and syslemic side effects are rare. The most common side effect of
chlorhexidine is the formation of an extrinsic, yellow — brown stain on teeth and tongue. Disturbance of
taste sensation (mainly sweel and salt) and a burning sensation of the tongue may occur on using the
mouth wash. Another side effect is the bitler taste after the use chlorhexidine. It is this bitter afiertaste that
is left on the pacifier which may result in an infanl not accepl the pacifier. 2.5.2 Microwave sterilization
Microwave sterilizers are also available which operates on a heating principle. Silva et al (2013) studied
the efficacy of microwave in the infection of dentures and found that it can eliminate C. albicans and
Streptococcus mutans (S. mutans)A study by Chamele et al, (2012) showed that 7 minutes of irradiation
can kill S. mutans present on pacifiers and it was comparable to chlorhexidine disinfection. When
comparing the mode of action of a microwave steamer and an electrical steamer they seem similar, Both
require about 200 mi of waler to create steam. Heat, creating the steam is responsible for the sterilization
in both techniques. The microwave method requires a sealable container (specifically designed as a
microwave steamer) and a microwave, waler and electricity. The electric steamer method requires the
electric steamer device, water and electricity. Not much is known about the efficacy of these sterilizers. 2.6
Aim: This study evaluated various disinfection technigues for the disinfection of pacifiers. 2.6.1 Objectives:
? To delermine the efficacy of varies disinfection techniques in the disinfection of pacifiers. ? To compare
the efficacy of varies disinfection techniques in the disinfection of latex and silicon pacifiers. 3 Methods 3.1
Pacifiers A hundred and eight pacifiers were purchased from a local supermarkel. They were 54 silicone
and 54 latex pacifiers of the snookums brand. The pacifiers were BPA free and treated as per the
manufacturer’s instruction. This involved boeiling each pacifier for 5 minutes, A glass beaker with tap waler
was placed on a hot plate and the water was brought to boiling point (1000C). At boiling point pacifiers
were submerged in the boiling water for 5 minutes. A sterile artery forceps was used to hold the pacifiers
down. The latex and silicon pacifiers were boiled separately. After boiling, the pacifiers were aseptically
removed and stored separately in a sterile glass jar ready for the experiments. 3.2 Cultures and inocula
Cultures of S. aureus ATCC 29213, C. albicans ATCC 90028 and E. coli ATCC 35218 were obtained from
the Oral Microbiology laboralory. These are laboratory stock cultures that are purchased and not isolated
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from patients therefore full ethical clearance was not necessary. However, a waiver was obtained from the
Human Research Ethics commitiee of the University of the Witwatersrand (Ethics number: W-CJ-130626-
1). S. aureus and E. coli were grown on blood agar plates at 370C for 24 hours whereas C. albicans was
grown on Sabouraud Dextrose agar plates and incubated at 370C for 48 hours. For each experiment
fresh subcultures were prepared. To prepare inoculum, cultures were emulsified in 150 ml sterile distilled
water and the turbidity was adjusted to 3 MacFarlane standards to obtain 107 cells per ml of suspension.
For each experiment fresh inoculum was prepared. 3.3 Disinfectants The disinfecting methods used
included rinsing pacifiers under tap water for 2 minutes, submerging pacifiers in boiling water for 5
minules, submerging pacifiers in Milton (chlorinated compound) for 30 minutes, placing pacifiers under
microwave radialion for 8 minules and submerging pacifiers into chiorhexidine gluconate (2.0%) for 2
minutes. Milton (Figure 3.1) solution was purchased from a local supermarket and for each experiment
fresh solutions were prepared according to the package insert as recommended. This included diluting
12.5 ml of Milton with litre of water. Figure 3.1: Millon For the microwave technique, a special sterilizing
microwavable unit (Figure 3.2) was purchased and used according fo the manufacturer's instruction. This
involved placing 200 mi water in the base, then placing a pacifier on a rack provided with the sterilizing
unit, closing the unit and placing into the microwave for 8 minutes at 900 WATTS. By placing the pacifier
on the rack, the pacifier did not come in contact with the water, which boils with radiation. However, heat
generated steam, sterilizes the pacifiers. Chlorhexidine gluconate was purchased from the local pharmacy
( Corsodyl). Figure 3.2; Microwave sterilization unit Cover Base Rack Open unit Closed unit 24 Figure 3.3
Test procedures for the arlificial contamination and decontamination of pacifiers 1,2,3,4,5,6 Inoculum
Serial dilution technique 123B46 CTTBMM 5 MW M 1 W CHX CHX Water Tap water 5 Milton
Microwave Chlorhexidine (control) 0 Boiling 2 min m 5 min 5 min | centrifuge centrifuge centrifuge
centrifuge centrifuge Conc Conc Conc Conc Conc Conc 1:10 1:10 1:10 1:10 1:10 1:10 1:100 1:100 1:100
1:100 1:100 1:100 1:1000 1:1000 1:1000 1:1000 1:1000 1:1000 Pacifiers: Latex and Silicon Tesl
organisms: S. aureus, C. albicans, E. coli Repeats: 3 times 150 mi sterile distilled water 3.4 Test
procedure The test procedures were followed as described by Rweyendela el al (2009) with modifications.
The flow of the procedure is described in Figure 3.3. Six latex pacifiers were artificially contaminaled by
placing them separately in the inoculums for 2 minutes each and holding them down with a glass rod and
removed them from the inoculum aseplically, The firsl pacifier was placed in 1 50 ml of sierile distilled
waler to obtain control count (number of challenged organisms), This beaker was labelled as control
(Beaker C). The second contaminated pacifier was placed into 150 ml of normal tap water for 2 minutes.
This pacifier was held by a sterile arlery forceps and agitated by moving it in an up and downward
movement to stimulate a rinsing effect. After 2 minutes the pacifier was aseptically removed and placed
into 150 ml of sterile distilled water to obtain the remaining number of bacleria that were not removed by
rinsing with tap water. This beaker was labelled tap water (Beaker T). The third contaminated pacifier was
submerged into 150 ml boiling water for 5 minutes. The pacifier was placed in only once the water
reached boiling point (1000C) and was held down by a sterile artery forceps. After 5 minutes the pacifier
was removed and placed into a beaker of 150 mi of sterile distilled water marked boiling (Beaker B). The
forth contaminated pacifier was placed inte 150 ml of a prepared chlorinated compound solution (Milton)
for 30 minutes and held down by a sterile glass rod (Figure 3.4). The metal artery forceps was never used
in this case because of the corrosive property of chlorinated compound. The pacifier was removed and
placed into a labelled beaker (Beaker M) containing 150 ml of sterile distilled water. The fifth contaminated
pacifier was removed from the inoculum after 2 minutes and was placed into a microwavable sterilization
unit, This unil is specifically designed 1o sterilise feeding bottles, teats and pacifiers. 200 ml tap water was
placed into the unit as instructed by the manufacture. The pacifier was placed on the designed rack. The
container was closed and placed in the microwave for 8 minutes at 900 watls. The container was removed
from the microwave and was allowed to stand for 2 minutes as instructed. This was o avoid any siream
burns. After 2 minutes the container was opened and the pacifier was aseptically removed and placed inio
a beaker containing 150 ml sterile distilled water. This beaker was labelled microwave (Beaker MW).
Finally, the sixth pacifier was removed from the inoculum after 2 minutes and submerged into 150 ml of a
chlorhexidine gluconate (CHX) solution for 2 minutes. A sterile glass rod was used to keep the pacifier
submerged. This pacifier was then removed and placed inlo a heaker containing 150 ml of sterile distilled
water. The beaker was labelled CHX (Beaker CHX). This disinfection test procedure was repealed three
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times for each organism (E. coli, S. aureus and C. albicans) using the latex and silicon pacifiers. Figure
3.4: Pacifier held down by a glass rod in a beaker. 3.4.1 Bacterial and colony counts After sterilization, a

(beaker C, T, B, M, MW and CHX). The beakers were placed on a magnetic stirrer plate (Figure 3.5) and
stirred for approximately 2 minutes. This stirring motion faciiitated in removing the microorganisms from
the pacifiers and dispersing them into the water. Water from all the beakers was centrifuged at 5000 rpm
for 15 minutes using conical tubes. The supernatant was removed and the sediment was suspended in 1
mi phosphale buffered saline (PBS). Serial dilution technique was performed to obtain counts of
microorganisms. Briefly, 0.1 ml of solution was diluted in 0.9 m| PBS to obtain 1:10 difution. Similarly 1:10
dilution was further diluted to 1:100 and 1:1000 dilutions. One hundred microliters of each dilution was
transferred onto appropriate agar plates, spread and incubated appropriately. E. coli and S. aureus was
cultured using blood agar plates which were incubated aerobically at 370C for 24 hours, Whereas, 2
albicans was cullured using Sabouraud dextrose agar plates which were incubated aerobically at 370C for
48 hours. Colonies were counted and the colony forming units (cfu) were obtained by multiplying the
colony counts with the dilution factors and taking the average count of the dilution plates. Organism counts
were expressed as cfu per pacifier. Control count represented the level of artificial contamination.
Bacterial counts in the tests represented the live bacleria due to the inadequale sterilization procedure.
The percenlage of bacteria/fungi killed was calculated using the formula: contrel count - test count/control
count X100. Log reduction was also calculated. Figure 3.5: Magnetic stirrer plate Magnelic stirrer 3.5
Statistical analysis Magnetic stirrer plate Descriptive analysis was performed lo express the results.
Percentage-kill of disinfectants were compared using Kruskal Wallis nonparametric rank lesls between the
types of pacifiers, types of test organisms and the disinfection procedure. 4 Resuits The resulis are
expressed as % kill as well as the log reduction in the microbial counts. Percentage kill are more
comparable whereas log reduction is a true reflection of the actual reduction in the microbial counts. For
example 2 log reduction of 1000000 number of challenged organisms shows that 10000 organisms are
still surviving which will calculate to 99% kill. However, 2 log reduction of 100 number of challenged
organisms will calculate to 100% kill. Therefore for the % kill results, number of challenged organisms
should be given otherwise the results are meaningless. Whereas, the log reduction results, pravide

complete information, even if the number of challenged organisms are not provided. 4,1 Disinfection of I
latex pacifiers arlificially contaminaled with Staphylococcus aureus Latex pacifiers contaminated with S,

aureus were disinfected using 5 different procedures and the results are shown in Table 4.1and Table

4.1a. The results showed that placing pacifiers in boiling water for 5 minutes or in Milton for 30 minutes or

in a sterilization unit in the microwave for 8 minutes or submerging them in chlorhexidine for 2 minutes all

were effective in eradicating S. aureus from latex pacifiers (% kill = 100 or log reduction of + 6.56).

However, when the pacifiers were rinsed in tap water for 2 minutes, a complete removal was not obtained

(mean % kill = 99.34 or log reduction of 2.35). Table 4.1: Disinfection of latex pacifiers artificially

contaminated with Staphylococcus aureus using various disinfection technigues (% kill). Disinfection

Repeats No. of challenged org. (cfu/ pacifier) A No. of surviving org. (cfu/pacifier) B No. org. killed (cfu/

pacifier) a-b % kill a-b a X100 Tap water 1 2745000 6800 2738200 09.75 2 2940000 7009 2932991 99.76

~3°5700000°85470°5614530°98:50 MeanzSD 99,347 0.73 Boiling 1"2745000°0"27450007100722840000 0

2940000 100 3 5700000 0 5700000 100 Mean+SD 100 + 0 Milton 1 2745000 0 2745000 100 2 2940000
0 2940000 100 3 5700000 0 5700000 100 Mean+SD 100 £ 0 Microwave 1 2745000 0 2745000 100 2
2940000 0 2840000 100 3 5700000 0 5700000 100 Mean+SD 100 + 0 Chlorhexidine 1 2 2745000
2940000 0 0 2745000 2940000 100 100 3 5700000 0 5700000 100 MeanSD 100 + 0 Inoculum: Mean
+SD were 3795000 Table 4.1a: Disinfection of latex pacifiers artificially contaminated with Staphylococcus
aureus using various disinfection techniques (log reduction) Disinfection Repeats No. of challenged org.
(log cful pacifier) A No. of surviving org. (log cfufpacifier) B Log reduction a-b Tap water 1 6.44 3.83 2.61
2 6.47 3.85 2.62 3 6.76 4.93 1.83 Mean+SD 2.35 Boiling 1 6.44 0 6.44 26.47 0 6.47 36.76 0 6.76 Mean
+SD 6.56 Milton 1 6.44 0 6.44 2 6.47 0 6.47 3 6.76 0 6.76 Mean+SD 6.56 Microwave 1 6.44 06.44 26.47
06.47 36.76 0 6.76 MeanSD 6.56 Chlorhexidine 1 6.44 0 6.44 2 6.47 0 6.47 3 6.76 0 6.76 MeantSD
6.56 Inoculum: Mean+SD were 6.56 4.2 Disinfection of latex pacifiers artificially contaminated with
Escherichia coli Latex pacifiers contaminated with E. coli were disinfected using & different procedures and
the results are shown in Table 4.2 and Table 4.2a. The results showed that placing pacifiers in boiling
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water for 5 minutes or placing in a sterilization unit in the microwave for 8 minutes were effective in
eradicating E. coli from latex pacifiers (% kill = 100 or log reduction of 7.54). However, when the pacifiers
were rinsed in lap water for 2 minutes, placed in Milton for 30 minutes or submerged in chlorhexidine for 2
minutes a complete removal was not obtained (mean % kill = 99,87, 99.99 and 99.99 respeclively). Table
4.2: Disinfection of latex pacifiers artificially contaminated with Escherichia coli using various disinfection
techniques (% kill). Disinfection Repeats No. of challenged org. (cfu/ pacifier) A No. of surviving org.
(cfulpacifier) B No. org. killed (cfu/ pacifier) a-b % killed a-b a X100 Tap water 1 30150000 46400
30103600 99.85 2 36150000 28560 36121440 99.92 3 37150000 55650 37094350 99.85 MeantSD
99.87 + 0.04 Boiling 1 30150000 0 30150000 100 2 36150000 0 36150000 100 3 37150000 0 37150000
100 Mean+SD 100 + 0 Milton 1 30150000 0 30150000 100 2 36150000 64 36149936 99.99 3 37150000
0 37150000 100 Mean+SD 99.99 + 0.01 Microwave 1 30150000 0 30150000 100 2 36150000 0
36150000 100 3 37150000 0 37150000 100 Mean+SD 100 z 0 Chlorhexidine 1 30150000 0 30150000
100 2 36150000 0 36150000 100 3 37150000 1500 37148500 99,99 Mean+SD 99.99 + 0.01 Inoculum:
MeanzSD were 34483333 Table 4.2a: Disinfection of lalex pacifiers artificially contaminated with
Escherichia coli using various disinfection technigues (log reduction) Disinfection Repeats No. of
challenged org. (log cfu/ pacifier) a No. of surviving org. (log cfu/pacifier) b Log reduction a-b Tap water 1
7.48 4,67 2.81 27.56 4.46 3.10 3 7.57 4.76 2.81 Mean+SD 2.91 Boiling 1748 0748 27.56 0 7.56 3
7.57 0 7.57 Mean+SD 7.54 Milton 1 7.48 0 7.48 2 7.56 1.81 5.75 3 7.57 0 7.57 Mean+3D 6.93 Microwave
17.4807.482 7.56 0 7.56 Mean+SD 3 7.57 0 7.57 7.54 Chlorhexidine 1 7.48 07.48 27.56 0 7.56 3 7.57
3.18 4,39 Mean+SD 6.48 Inoculum: Mean+SD were 7.54 4.3 Disinfection of lalex pacifiers artificially
contaminated with Candida albicans Table 4.3 shows that tap water and Milton were nol effective in
disinfecting latex pacifiers contaminated with C. albicans (% kill — 99,63 and 99.96 and 2.75 and 3.57 log
reduction respeciively). However, heat based disinfections such as boiling and microwave radiation as well
as chlorhexidine were effective in eliminating C. albicans completely. Table 4.3: Disinfection of latex
pacifiers artificially contaminated with Candida albicans using various disinfection technigues (% Kill).
Disinfection Repeats No. of challenged org. (cfu/ pacifier) A No. of surviving org. (cfu/pacifier) B No. org.
killed (cfu/ pacifier) a-b % killed a-b a X100 Tap water 1 414000 580 413419 08.86 2 155400 1434
153965 99.08 3 266400 116 266284 99.96 Mean+SD 99.63 + 0.48 Boiling 1 414000 0 414000 100 2
155400 0 155400 100 3 266400 0 266400 100 Mean+SD 100 = 0 Milton 1 414000 72 413928 99.98 2
155400 102 155298 99.93 3 266400 46 266354 99.98 Mean+SD 99.96 * 0.03 Microwave 14140000
414000 100 2 155400 0 155400 100 3 266400 0 266400 100 Mean+SD 100 + 0 Chlorhexidine 1 414000
0 414000 100 2 155400 0 155400 100 3 266400 0 266400 100 Mean£SD 100 * 0 Inoculum: Mean+SD
were 278600 Table 4.3a: Disinfection of latex pacifiers artificially contaminated with Candida albicans
using various disinfection techniques (log reduction) Disinfection Repeats No, of challenged org. (log ciu/
pacifier) A No. of surviving org. (log cfu/pacifier) b Log reduction a-b Tap water 12 5.62 5.19 2.76 3.16
2.852.0335.432.06 3.36 Mean£SD 2.75 Boiling 1 5.62 0 5.622 5,19 0 5.19 3 5.43 0 5.43 Mean+SD
5.41 Milton 1 5.62 1.86 3.76 2 5.19 2.01 3.18 3 5.43 1.66 3.77 MeantSD 3.57 Microwave 1 5.62 0 5.62 2
519 05.19 3 5.43 0 5.43 MeanzSD Chlorhexidine 1562 0 5.415.622 5.19 05.19 3 5.43 0 5.43 Mean
+8D 5.41 Inoculum: Mean+SD were 5.41 4.4 Disinfection of silicon pacifiers arlificially contaminated with
Staphylococcus aureus The results are described in Table 4.4 and Table 4.4a. Boiling, Milton, microwave
and chlorhexidine were effective in eliminating S. aureus from artificially contaminated silicon pacifiers.
However tap water rinsing was ineffective giving % Kill results of 99.80 or log reduction of only 2.8. Table
4.4: Disinfection of silicon pacifiers artificially contaminated with Staphylococcus aureus using various
disinfeclion technigues Disinfection Repeats No. of challenged org. (cfu/ pacifier) A No. of surviving org.
(cfulpacifier) b No. org. killed (cfu/ pacifier) a-b % killed a-b a X100 Tap water 1 2 32550000 80100000
34060 57280 32515040 80042720 99.98 99.93 3 21150000 107100 21042900 99.49 Mean+SD 99.80 =
0.27 Boiling 1 32550000 0 32550000 100 2 80100000 0 80100000 100 MeanzSD 3 21150000 0
21150000 100 100 £ 0 Milton 1 32550000 0 32550000 100 2 80100000 0 80100000 100 3 21150000 0
21150000 100 Mean+SD 100 + 0 Microwave 1 32550000 0 32550000 100 2 80100000 0 80100000 100 3
21150000 0 21150000 100 Mean+SD 100 + 0 Chlorhexidine 1 32550000 0 32550000 100 2 80100000 0
80100000 100 3 21150000 0 21150000 100 Mean£SD 100 £ 0 !noculum: Mean+SD were 44600000
Table 4.4a: Disinfection of silicon pacifiers artificially contaminated with Staphylococcus aureus using
various disinfection techniques (log reduction) Disinfection Repeats No. cf challenged org. (log cfu/
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pacifier) a No. of surviving org. (leg cfu/pacifier) b Log reduction a-b Tap water 17.61 4.54 2.97 27.90
4.763.14 37.335.03 2.3 Mean+SD 2.8 Boiling 1 7.5107.5127.9007.90 3 7.33 0 7.33 MeantSD 7.58
Milton 1 7.5107.5127.9007.90 3 7.33 07.33 Mean+SD 7.58 Microwave 17.5107.5127.8007.903
7.33 0 7.33 Mean+SD 7.58 Chlorhexidine 17.56107.5127.9007.90 37.3307.33 Mean+SD 7.58
Inoculum: Mean+SD were 7.58 4.5 Disinfection of silicon pacifiers artificially contaminated with Escherichia
coli Table 4.5 and Table 4.5a shows thal E. coli contaminated silicon pacifiers were difficult to
decontaminate because the % kill for tap water, Milton and chiorhexidine were 98.66, 99.99 and 89.99
{log reduction of 2,28, 7.31 and 6.57) respectively. However, boiling and microwave radiation was once
again effective in achieving a complete kill (100%). Table 4.5: Disinfection cf silicon pacifiers artificially
contaminated with Escherichia coli using various disinfection techniques Disinfection Repeats No. of
challenged org. (cfu/ pacifier) A No. of surviving org. (cfu/pacifier) b No. org. killed by (cfu/ pacifier) a-b %
killed a-b a X100 Tap water 1 109200000 150480 108049520 99.86 2 48450000 146850 48303150 98.70
3 70850000 2521600 68128400 96.43 MeantSD 98.66 + 1.94 Boiling 1 109200000 0 109200000 100 2
48450000 0 48450000 100 Mean+SD 3 70650000 0 70650000 100 100 = 0 Milton 1 109200000 0
109200000 100 2 48450000 0 48450000 100 Mean+SD 3 70650000 44 70649856 99.99 98.99 + 0.01
Microwave 1 109200000 0 109200000 100 2 48450000 0 48450000 100 3 70650000 0 70650000 100
Mean+SD Chlorhexidine 1 109200000 0 109200000 100 + 0 100 2 48450000 0 48450000 100 3
70650000 7500 70642500 99,99 Mean+SD 99.99 + 0.01 Inoculum: Mean+SD were 76100000 Table 4.5a:
Disinfection of silicon pacifiers artificially contaminated with Escherichia coli using various disinfection
techniques (log reduclion) Disinfection Tap waler Repeats 1 No. of challenged org. (log cfu/ pacifier) A
8.04 No. of surviving org. (log cfu/pacifier) b 5.18 Log reduction a-b 2,86 2 7.69 5.17 2.62 3 7.85 6.40
1.45 MeanzSD 2.28 Boiling 1 8.04 0 8.04 2 7.68 0 7.69 3 7.85 0 7.85 MeantSD 7.86 Milton 1 2 8.04 7.69
008.04 7.693 7.85 1.64 6.21 Mean+SD 7.31 Microwave 1 8.04 0 8.04 2 7.69 0 7.69 Mean+SD 3 7.85 0
7.85 7.86 Chlorhexidine 1 8.04 0 8.04 2 7.69 0 7.69 3 7.85 3.88 3.97 Mean+SD 6.57 Inoculum: Mean+SD
were 7.86 4.6 Disinfection of silicon pacifiers artificially contaminated with Candida albicans The results in
Table 4.6 and Table 4.6a shows that boiling, microwave radiation and chlorhexidine were successful in
eliminating C. albicans from silicon pacifiers. Tap water and Milton were ineffective in eliminating C.
albicans from silicon pacifiers (% kill = 99,96 and 99.94 or log reduction of 2.75 and 4.43 respeclively).
Table 4.6: Disinfection of sificon pacifiers artificially conlaminated with Candida albicans using various
disinfection techniques Disinfection Repeats No. of challenged org. (cfu/ pacifier) A No. of surviving org.
(ciu/pacifier) b No. org. killed (cfu/ pacifier) a-b % killed a-b a X100 Tap waler 1 4855600 2618 482882
99.46 2 1597500 4949 1592551 99.69 3 1402500 483 1402017 99.97 MeanxSD 99.96 + 0.03 Boiling 1
485500 0 485500 100 2 1597500 0 1597500 100 3 1402500 0 1402500 100 Mean+SD 100 + O Milton 1
485500 897 484603 99.82 2 1597500 0 1597500 100 3 1402500 63 1402437 99.99 Mean+SD 09.94 +
0.1 Microwave 1 2 485500 1597500 0 0 485500 1597500 100 100 3 1402500 0 1402500 100 Mean+SD
100 + 0 Chlorhexidine 1 485500 0 485500 100 2 1597500 0 1597500 100 3 1402500 0 1402500 100
Mean+SD 100 0 Inoculum: Mean+SD were 1161833 Table 4.6a: Disinfection of silicon pacifiers
artificially conlaminated with Candida albicans using various disinfection techniques (log reduction)
Disinfection Repeats No. of challenged org. (log cfu/ pacifiery A No. of surviving org. (log cfu/pacifier) b
Log reduction a-b Tap water 1 5.69 3.422.27 26.20 3.69 2,561 3 6.15 2.68 3.46 Mean+SD 2.75 Boiling 1
56905.6926.2006.2036.1506.15 Mean+SD 6.01 Milton 1 5.692.952.74 26.2006.20 36.15 1.80
4.35 MeanxSD 4.43 Microwave 1 5.69 0 5.6926.20 06.20 36.15 0 6.15 Mean+SD 6.01 Chlorhexidine 1
5.6905.6926.2006.2036.15 0 6.15 MeantSD 6.01 Inoculum: Mean+SD were 6.01 4.7 Summary
results of disinfection of artificially contaminated pacifiers Table 4.7 and Table 4.7a shows the summary of
results obtained in lhis siudy. Tap waler consislently proved to be ineffective in disinfecting pacifiers.
When the results of all the test organisms are combined, purely from the observation, boiling and
microwave radiation proved to be the most effective methods. Milton was effective only 33.33% (1/3
organism) of the time whereas chlorhexidine showed better efficacy (66.66% of time — 2/3 organisms)
than Milton, Table 4.7: Summary results of disinfection of artificially contaminated pacifiers (% kill) Test
organism Type of pacifier No. of challenged organisms (Mean cfu/pacifier) Tap water Boiling water Mean
+ SD % killed ( n = 3 ) Milton Microwave Chlorhexidine { CHX ) S. aureus latex 3795000 99.34 + 0.73 100
+0100+0 100+ 0 100 + 0 silicon 44600000 €9.80 + 0.27 100+ 0 100 + 0 100 £ 0 100 £ 0 E, coli latex
34483333 99.87 + 0.04 100 + 0 99,99 + 0.01 100 £ 0 99.99 + 0.01 silicon 76100000 88.66 + 1.94 100+ 0

321

file:iC 1UsersiADn10730/Desktop2Turnitin_Originality_Reperl_520936724.html



3/26/2015

Turritin Originality Report 9
99.99 + 0.01 100 + 0 99.99 + 0.01 C. albicans latex 278600 99.63 + 0.48 100+ 0 99.96 + 0.03 100+ 0
100 + 0 silicon 1161833 99.96 + 0.03 100+ 0 99.94 + 0.1 100 = 0 100 + 0 Table 4.7a: Summary results of
disinfection of arificially contaminated pacifiers (log reduction). Test organism Type of pacifier No. of
challenged organisms (Mean log cfu/pacifier) Tap water Boiling water Mean z log reduction Microwave
Milton ( n = 3 ) Chlorhexidine ( CHX ) S. aureus Latex 6.56 2.35 6.56 6.56 6.56 6.56 Silicon 7.58 2.8 7.58
7.58 7.58 7.58 E. coli Latex 7.54 2.91 7.54 6.93 7.54 6.48 Silicon 7.86 2.28 7.86 7.31 7.86 6.57 C.
ablicans Latex 5.41 2.75 5.41 3.57 5.41 5.41 Silicon 6.01 2.75 6.01 4.43 6.01 6.01 4.8 Comparison of
disinfectants and statistical analysis Percentage-kill of disinfectants were compared using Kruskal Wallis
nonparametric rank tests between the types of pacifiers, types of test organisms and the disinfeclion
procedure. When the disinfection of latex and silicon pacifiers were compared. the results showed thal
there was no significant difference in the % kill with a p value of 0.85 (Figure 4.1). This suggests thal the
lype of pacifier has no effect on the disinfection method. Figure 4.1 Comparison of different methods in
the disinfection of latex and silicon pacifiers Comparison of latex and silicon (n=8) P=0.85 When the
disinfection methods in decontamination of pacifiers contaminated with S. aureus, E. coli and C. albicans
were compared (Figure 4.2), the resulls showed that there was no significant difference (p=0.46). This
suggest that there was no difference in the results of test organisms. Figure 4.2 Comparison of different
methods in the disinfection of pacifiers contaminated with S. aureus (SA), E. coli (EC) and C. albicans (CA)
P=0.46 Comparison of organisms (n=6) Resulls in Figure 4.1 and 4.2 suggests thal types of pacifiers and
the test organisms behaved similarly and there was no significant difference in the results of disinfection,
Therfore, all the results were pooled together to compare the methods of disinfection. When all the results
for each of the disinfection methods were pooled together (latex — SA x3, EC x3,CA x3 and silicon — SA
x3, EC x3,CA x3) and compared to one another (Figure 4,3), tap water significantly differed from the rest
of the methods (P=0.01 and <0.01). However, there was no significant difference in the performance of
the disinfection methods such as bailing, Milton, microwave and chlorhexidine, Figure 4.3 Comparison of
different methods in the disinfection of pacifiers. 5 Discussion Pacifiers are non-nutritive objects designed
for infanls around 2 weeks of age lo 5 years. They are used {o pacify infants when they are crying due to
discomfort or feeling insecure. In addition, they are used lo increase oromotor coordination and muscular
strength in feeding abilities, and fo wean them off the breast feeding (Sexton and Natale, 2009; Poore et
al, 2008). When it is placed in the oral cavity, the pacifier is in direct contact with the oral saliva and its oral
micro flora. These microorganisms adhere and colonise the surfaces of pacifier (Brook and Gober, 1997,
Mattos—Graner et al, 2001; Comina et al, 2006) While studies related lo pacifier contamination can be
found in the literature nol much is published on the available cleaning methods and their effectiveness.
Pacifiers are made of silicon or latex which shape resembles that of a lactating mother’s nipple. Due to
their difference in texture, surface structure and durability the colonization with bacteria may differ.
Therefore this study investigated the efficacy of home disinfection procedures including commercially
available chemicals in the disinfection of latex and silicon pacifiers. 5.1 Disinfection of latex and silicon
pacifiers When the % kil results were compared between the two types of pacifiers, no statistical
difference was found (Figure 4.1, Table 4.7). For the latex and silicon pacifiers boiling and microwave
radiation were adequate. Similarly disinfection with water rinse, Milton and chlorhexidine was inadequate.
Although the latex pacifiers are known to get worn out easily and harbour biofilms of microorganisms
compared to the silicone pacifiers (da Siliveira et al, 2009; Comina et al, 2008), the test disinfection
procedures provided similar results. The second important aspect 1o consider is the formation of baclerial
biofilm on the pacifiers. A biofilm formation is much more easily established on rough surface therefore
more commonly founded on old used latex pacifiers. Mature biofilms containing bacteria and slime layer
have been found on old used latex pacifiers, whereas silicone pacifiers had a much lower level of slime
contaminated with S. aureus and C. albicans (Comina el al, 2006). Biofilms are difficult {o remove and a
mature biofilm is more resistant to disinfection procedures. This suggests that the test disinfeclion
procedures may not be as efficient in the disinfection of old used pacifiers. Therefore pacifiers should be
disinfecled regularly from the lime they are new to prevent the establishment of a biofilm. This was seen in
Sio et al, 1987, were the presents of C. albicans were investigated on used pacifiers. They found the use
of silicon pacifiers was associated with a lower rate of C. albicans when compared to latex pacifiers. Also
over time, used pacifiers develop a biofilm. This biofilm formation acts as a protective layer for the bacleria
in a structural complex and therefore become progressively more resistant to cleaning methods. Itis
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known {hat the presence of a biofilm impairs antimicrobial agents penetrating the full depth of the biofilm,
thereby retarding diffusion. However, these test pacifiers were new and they did not have micro cracks
and irregular surfaces that can shelter bacteria from the disinfection which explains the similar results. The
results also showed that rinsing with tape water certainly will not allow complete removal of bacteria but
solution and heat based disinfection would be effective. The results also showed that heat based methods
such as boiling and microwave are the most effective methods of disinfection compared to the solutions
containing antimicrobial compounds (Milton and chlorhexidine) which will be discussed in the disinfection
section. 5.2 Disinfection of pacifiers contaminated with different types of bacteria When the % kill results
were compared between the contaminants, no significant difference was found which suggest that the
methods were either adequate or inadequate for all three test organisms (Figure 4.2, Table 4.7).
However, close observation of the resulls showed that S. aureus was the easiest to kill because most
methods were adequate in killing these bacteria. E. coli was the most difficult organism showing resilience
to Milton and chlorhexidine. Boiling and Microwave (steam based) proved to be the best disinfection
procedure for all the test contaminants. Clearly, tap water rinsing eliminated the least amount of bacteria
from the pacifiers irrespective of the type of pacifier and bacleria containment. Resilience of E. coli o the
disinfection procedures is of concern because they are often associated with diarrhoea (86% of infants)
which is common in pacifier users (Mathur et al, 1990). Festini et al, (2012) also showed that 62% of
infants who used pacifier had al least one episode of diarrhoea in their first year of life. If the disinfection
procedures are not adequate, these faecal contaminant can be lransmitted from one infant to the other
particularly in the day care centres. Although widely used disinfectant chlorhexidine which was included as
a positive control reduced 6 to 7 logs of E. coli (Table 4.7a), it failed lo completely kill them. This is also of
concern with regards to hand washing antiseplic soaps which generally contains this compound. C.
albicans is known to colonise pacifiers (Comina et al, 2008; da Siiviera et al, 2009} which explains the high
Candida carriage and potential reservoir for the risk of infection in the infants who use pacifiers (Darwazeh
et al, 1995). Although Milton reduced 99.94-99.96% of C. albicans, the log reduclion was only 3.57 to 4.43
(Table 4.7a) meaning that the pacifier becomes contaminated with high number of C. albicans, there will
be considerable number of organisms present even after the use of this disinfectant. 5.3 Comparison of
disinfection procedures When the efficacy of the disinfection methods were compared (Figure 4.3, Table
4.7), the results showed that boiling, Milton, microwave radiation and chlorhexidine were significantly
betler than tap water rinse (p=<0.01). For rinsing, the pacifier was agitated in an upwards and downwards
motion for 2 minutes in tap water. This was to mimic a rinsing action. Not much has been done to
investigate the effectiveness of rinsing with tap water to disinfect pacifiers or to clean surfaces. However
rinsing is a cheap and easy cleaning method that is possibly carried out by many individuals from a lower
socioeconomic background. Rinsing does reduce the number of bacteria (lowest reduction - log 2.28 of E.
coli from silicone pacifier). However, water has no antimicrobial action and rinsing with tap water is purely
an operator dependent mechanical action. Furthermore, rinsing with water will remove the planktonic form
of bacteria and may fail to remove biofilm of bacteria. Similar results were reported by Camele et al (2012)
with toothbrushes and pacifier disinfection although the test organisms were cariogenic bacteria S.
mutans. They reported that rinsing wilh water was less effective than chlorhexidine and microwave
radiation. Placing a pacifier in boiling water for 5 minutes is also an easy and cheap alternative and the
results showed that it was effective regardless of the type of pacifier and the contaminants. It is a simple,
easy, practical, and economical method and therefore used in many developing countries to sterilize metal
instruments. For example, in Khartoum, Sudan 2% of dentists and in Lagos, Nigeria 19.3% of dentists
used boiling as a method of sterilization (Elkarim et al, 2004, Sofola and Savage, 2003). A recent survey in
India showed that up to 70.2% of dentists use boiling as a sterilization medium (Singh et al, 2012). Simple
boiling for 30 minutes is known to kill all vegetative form of bacteria but it will only kill some spores.
However, the aim of disinfection of pacifier is to kill all the pathogens and it is not necessary to have a
sterile pacifier. In food industries submerging oranges in boiling water for 30 seconds before squeezing
juice for bottling have been suggested to reduce the number of faecal contaminants such as E. coli (Bagci
and Temiz, 2011). In our study, not only E. coli but other pathogens such as S. aureus and C. albicans
were completely eliminated after 5 minutes. Therefore boiling can be used as an effective method of
disinfection. The third method carried out in this study was with Milton. Milton’s composition is 1.0 %
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1sodium hypochlorite and 16.5 % sodium chloride. The results revealed lhat

Milton

completely eliminated S. aureus. Whereas failed to kill E. coli and C. albicans. Hecker et al 2012
suggesled the effect of sodium hypochlorite in the endodontic treatment depends on the duration of
contact. Corcoran et al 2014 demonstrated that although sodium hypochlorite can reduce Salmonelia
enterica, a food poison causing pathogen it could not eradicale an early biofilm or a mature biofilm even
after a 90 minute contact time. Results of present study (figure 4.7 and figure 4.7a) also showed that
sodium chloride/sodium hypochlorile containing product Millon (66.66% of test samples) was less effeclive
when compared to boiling, microwave and chlorhexidine with some surviving E.coli and C. albicans on
both latex and silicon pacifiers. Furiher studies need to be carried oul {o investigate the effective
concentration and the exposure lime of Milton. The use of a microwave sterilization unit to clean teats,
pacifiers, milk bottles and teething rings has become a popular methed in recent years. Microwave
irradiation is claimed to be a simple, effective and inexpensive (if one already has a microwave),
disinfection method. One hundred percent kill was obtaining with this method for all three organisms on
both latex and silicon pacifier. It is important o note that in this study only one parameter (8 minutes at
900 walts) was tested. This result cannot be generalised to other microwaves with different parameters.
These units claim to keep items sterilized up to 24 hours provided that the unit cover has not been
opened. Also by placing the pacifier in the unit with water the organisms were disinfected by both
irradiation and steam. The uses of a microwave to disinfect medical and dental items have been of
interest the in health field. For example Rosaspina et al, (1994) demonstraied that 90 seconds of
microwave exposure provided effective sterilization of surgical scalpel blades which were contaminated
with C. albicans. Their study revealed that irradiation induced a morphological modification and eventually
rupture of the cell after 9 minutes. Bhasin et al, (2013) revealed thal 5 minute exposure of irradiation can
eliminate C. albicans and P. aeruginosa, while elimination of 8. aureus took longer (7 minutes). Many
studies have found microwave irradiation to be effective in disinfecting used dentures, dental impression
material and dental stone (Ribeiro et al, 2009, Silva et al, 2006, Neppelenbroek et al, 20086, Yildirim- Bicer
et al, 2014). Finally pacifiers were submerged in chlorhexidine for 2 minules. This disinfection solution
conlained 2 mg/ mi of chlorhexidine gluconate with 5.4% m/v ethanol as a preservative. Chlorhexidine
eliminated S. aureus and C. albicans completely from both latex and silicon pacifiers. However for E. coli,
the results were 99.99% effective on both latex and silicon pacifiers. Chlorhexidine is an antiseptic agent
with a broad — spectrum antimicrobial aclivity. Chlorhexidine destroys bacieria by breaking their
membranes and inducing cytoplasmic precipitation (Gomes et al, 2005, Cheung et al, 2012), Due 1o its
well eslablished efficacy, this chemical was used as a posilive control. The efficacy of chlorhexidine may
have been organism and contaci time dependent. Streptococcus mutans can be eliminated from pacifiers
(Nelson- Filho et al, 2011, Chamele et al, 2012) whereas chlorhexidine may fail to compietely eliminate
other bacteria (Sato et al, 2005). In addition, gram negative bacilli are known to have a low susceptibility to
chlorhexidine (Brown el al, 1989). Oral cavities of cancer patients are known to be colonised with gram
negative bacteria particularly enteric pathogens including E. coli after the continuous use of chiorhexidine
mouth rinse (Brown et al, 1989, Raybould et al, 1994). For this reason E. coli may have survived on those
pacifiers even afler the use of chlorhexidine. 5.4 Comparison between different disinfection procedures All
{he disinfection methods used in this study including water reduced the number of test organisms
regardless of the material construct of the pacifier. However, disinfection with a chemical or heat proved to
be superior then water alone. The purpose of disinfeclion is the removal of pathogens and reduction of
number of bacteria. Pacifiers do not have to be sterile however some of the methods used here showed
complete elimination of test organisms (microwave and boiling). None of the test organism was
sporulaling bacteria therefore this discussion only includes vegetative form of bacteria. Il is clear that heat
based disinfection was better than chemical disinfection. Both boiling and the use of microwave are
relatively cheap, easy {o use and most people have the required equipment in there house. Although
chemical (Milton and chlorhexidine) reduced the number of organisms, they did not show complele
elimination particularly of pathogens such as E. coli (Milton and chlorhexidine) and C. albicans (Milton).
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Montagner et al, (2009) evaluated the antifungal action of chlorhexidine and hypochiorite on acrylic resin
specimens, contaminated with C. albicans. They observed that sodium hypochlorite was more efficacious
disinfectanis against C. albicans than 2.0 % chlorhexidine solution, Interestingly in our study the results
revealed that Milton (sodium hypochlorite) did not eliminate C. albicans but 2.0 % chlorhexidine was
effective. Milton is widely used and the manufacturer claims that it eliminates C. albicans. But the resuits in
this study failed to show it. In addition, it is an additional cost to the consumer. Chlorhexidine is generally
not used for the disinfection of pacifiers for many reasons. It is costly and inadequate for the enteric
pathogens as alsc shown here. Furthermore, it has unpleasant taste, sometime cause temporary
numbness in the oral cavity, alter the taste and stain teeth. 6 Limitations, Future research and
Conclusions 6.1 Limitations ? The sucking motion of the tongue creates friction on the pacifier creating
micro cracks which allows better bacterial aitachment. The presence of saliva may also create a better
bacterial attachment. In this study results were based on smooth unused pacifiers. The results reported
here on the vegetative form of planktonic bacteria rather than the biofilm. ? Mimicking and creating micro
cracks was considered. However to standardise these cracks posed a challenge. 7 The pacifiers were
placed into the solution of contaminants for 2 minutes and no rubbing was involved which would be
different from the used pacifiers. 6.2 ? ? 7 7 6.3 Future research The effective exposure time and the
concentration of Millon needs further analysis. Use of chiorhexidine and the limitation particularly the
ineffectiveness against gram negative bacteria can be studied. Results of microwave slerilizer (steam
based) can be compared to the method where the pacifier can be placed in microwave in water (boiling
based). This may eliminate the cost of microwavable steamer. Further studies needs to be carried out to
assess the efficacy of these methods on used pacifiers which will have biofilms of bacteria that are difficult
lo kill. Conclusions Effectlive cleaning and disinfection of pacifiers remains an important concern. While
one is aware that pacifiers do carry and acls as a reservoir for bacterial growth, the usage of these
devices are commonly seen. This study has shown that all the test intervention including rinsing with water
can reduce the number of contaminants. However the use of disinfectant solutions such as hypochlorite-
based commercially available product Milton and chiorhexidine as well as heat-based methods boiling and
the use of microwave can significantly reduce the test microorganisms. Among these methods, boiling and
the use of microwave proved to be the best in killing common pathogens S, aureus, E. coli and C. albicans
completely. These methods are cost effective, readily available and easy to use. Education to the care
givers in the day care centres and mothers with regards to the contamination and decontamination of
pacifiers is important. It may reduce the transmission of pathogens and hence prevent and reduce the
onset of infeclion among the pacifier using infants. 7 Appendix 7,1 Human Research Ethics Committee
Wavier form (Attached on next page) 7. 2 Media and reagents Blood Agar 39 g Columbai agar (Oxoid Itd,
UK) 1000 ml Distilled water 5g Sterile defibrinated blood Columbia agar base was suspended in 1000 ml
distilled water. It was dissolved completely by bringing to boil. It was sterilized by autaclaving at 15 Ib and
1210C for 10 minutes. Allowed to cool to 500C and 5 % slerile defibrinated blood was added. It was
poured into plates and allowed lo set. Plates were labeled and refrigerated until use. Sabouraud Agar 65 g
Sabouraud Agar 1000 mi Distilled water Sabouraud agar was suspended in 500 m! distilled water, The
other 500 ml of distil water was boiled. Both were mixed and boiled. Agar was aliquoted, sterilized at
1210C, 15 Ib pressure for 20 minutes, cooled to 450C and plates were poured. Phosphate Buffered Saline
(PBS) 4.2 g Sodium chloride 0.078 g Sodium dihydrogen phosphate 0.64 g Sodium hydrogen phosphate

500 ml Distilled water Solids were suspended and autoclave at 151b, 1210C for 15 minutes and
name:

dispensed. 7.3 Statislical analysis
<unnamed> log: /Users/macbookpro/Documents/Stata/Pacifier.log log type: text opened on: 17 Nov 2014,

14:13:05 . use "Pacifier.dta" . . *1 DESCRIPTIVES . . tab type Type | Freq. Percent Cum. ------------ S
Silicon | 45 50.00 50.00 Latex | 45 50.00 100.00 +

---- Total | 90 100.00 . tab org Org. | Freq. Percent Cum. o S. aureus
] 30 33.33 33.33 E. coli | 30 33.33 66.67 C. albicans | 30 33.33 100.00
---- Total | 90 100.00 . tab method Method | Freq. Percent Cum. ------r-r---- ten
Tap water | 18 20.00 20.00 Boiling | 18 20.00 40.00 Milton | 18 20.00 60.00 Microwave | 18 20.00 80.00

Chlerhexidine | 18 20.00 100.00 -- + Total | 90 100.00 . . sum Kkill,
detail % kill Percentiles Smallest 1% 96.43 96.43 5%

99.40 98.5 10% 99.76 89.08 Obs 90 25% 99.99 99.46 Sum of Wgt. 80 50% 100 Mean ©9.89667 Larges!
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Sid. Dev. .4223423 75% 100 100 90% 100 100 Variance .178373 95% 100 100 Skewness -6.753457 99%
100 100 Kurtosis 53.12129 . . *2.Does lype of material have any influence on the % kill? . . table type,

c{mean kill sd kill) Type | mean(kill) sd(kill) ---- + --- Silicon |
99.8733 .56397643 Lalex | 99.92 .2614208 -- .. kwallis kill, by(type) Kruskal-
+ | type | Obs | Rank Sum [ f--===---~ e el

Wallis equality-of-populations rank test +
------ [ | Silicon | 45 | 2066.00 | | Latex | 45| 2029.00 | +
d.{. probability = 0.8813 chi-squared with ties = 0.034 with 1 d.f. probability = 0.8538 . . "NO SIGNIFICANT

EFFECT OF TYPE ON %KILL . . . *3. Does organsism have any influence on the % kill? . table org,
c(mean kill sd kill) Org. | mean(kill) sdakill) -t
aureus | 99.9137 .2883902 E. coli | 99.8523 .6499903 C. albicans | 99.924 .1966195

---------- .. kwallis kill, by(org) Kruskal-Wallis equality-of-populations rank test +
org | Obs | Rank Sum | |-----=-=----~ e | |'S.aureus | 30 | 1477.50 | | E. coli | 30 [ 1339.50 [ | C.

albicans | 30 | 1278.00 | + + chi-squared = 1.020 with 2 d.f. probability = 0.6006
chi-squared with lies = 1.552 with 2 d.f. probability = 0.4602 . . *NO SIGNIFICANT EFFECT OF
ORGANISMS ON %KILL . . . *4 Does irealment have different effecls on the % kill? . table methed,
c{mean Kill sd Kill) -------—rrmreemmmmmmm oo Method | mean(kill) sd(kill) -+

- Tap water | 99.5022 .8519013 Boiling | 100 0 Milton | 99.9822 .0438655 Microwave | 100 0
Chlorhexidine | 99.9989 .0032345 - . . kwallis kill, by(method) Kruskal-Wallis

equality-of-populations rank test + - + | method | Obs | Rank Sum | |-=------mememns +--

B | | Tap water | 18 | 184.50 | | Boiling | 18 | 1062.00 | | Milton | 18 | 792.50 | | Microwave | 18 |
+ chi-squared = 44.934 with 4 d.f.

+ chi-squared = 0.022 with 1

S.

1062.00 | | Chlorhexidine | 18 | 894.00 | +
probability = 0.0001 chi-squared with ties = 68.411 with 4 d.1. probability = 0.0001 . . *SIGNIFICANT

EFFECT OF TREATMENT METHOD ON %KILL, Wi NEED TO FIND THE EFFECTIVE > METHODS . . .

*5 Which treatment is significanly better than water (w)? . oneway kill method, tab sch | Summary of % kill
Tap water | 99.5602222 .85190132

Method | Mean Std. Dev. Freq. #*
18 Boiling | 100 0 18 Milton | 99.982222 .04386547 18 Microwave | 100 0 18 Chlorhexi | 99.998889
.0032345 18 + Total | 99.896667 .42234228 90 Analysis of Variance
Source SS df MS F Prob > F - -- Between groups
3.60479846 4 876189614 6.02 0.0003 Within groups 12.3703985 85 .1455341
R ----- Tolal 15.875197 B9 178373 Bartlett's test for equal variances: chi2(2) =
228.4909 Prob>chi2 = 0.000 note: Bartleit's test performed on cells with positive variance: 2 multiple-
observation cells nol used Comparison of % kill by Method (Scheffe) Row Mean-| Col Mean | Tap wate
Boiling Milton Microwav + Boiling | .497778 | 0.007 | Milton | .48
-.017778 | 0.010 1.000 | Microwav | .497778 0.017778 | 0.007 1.000 1.000 | Chlorhex | .496666 -.001111
016666 -.001111 ] 0.007 1.000 1.000 1.000 . . *“ALL TREATMENT BETTER THAN WATER
STATISTICALLY. . *SOME TREATMENTS ARE NOT SUPERIOR TO EACH OTHER SUCH AS MILTON
AND BOILING WATER . . . log close name: <unnamed> log:
/Users/macbookpro/Documents/Stata/Pacifier.log log type: texl closed on: 17 Nov 2014, 14:13:05
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