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Long-term survival of salivary streptococci on dental
devices made of ethylene vinyl acetate

Taiji Ogawal, Sayaka Yamasaki'!, Mariko Honda!, Yutaka Terao?, Shigetada Kawabata” and Yoshinobu Maeda'

Bacterial infection associated with the use of medical or dental devices is a serious concern. Although devices made of ethylene vinyl
acetate (EVA) are often used in the oral cavity, there are no established standards for their storage. We investigated bacterial survival on
EVA sheets under various storage conditions to establish a standard for hygienic storage of such dental devices. Bacterial counts were
evaluated, which showed a significant decrease after washing with sterilized water, mechanical brushing and rinsing, and using
Mouthguard Cleaner as compared to untreated samples. In addition, no bacteria were detected on samples stored 2 days or longerina
ventilated environment, whereas they were detected for up to 14 days on samples without any cleaning stored in a closed environment.
Bacterial counts for the untreated samples gradually declined, while surviving bacteria on samples treated with sterilized water and
mechanical brushing showed a rapid decrease. Additionally, bacterial identification using polymerase chain reaction (PCR) revealed
that Streptococcus oralis was dominantly detected on salivary samples after 14 days of storage among both two subjects. For effective
hygienic storage of dental devices made of EVA, washing with sterilized water is important to remove absorbed salivary compounds

along with storage in a ventilated environment.
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INTRODUCTION

Ethylene vinyl acetate (EVA) is an elastic thermoforming material
frequently used in custom-made dental devices, including sports
mouthguards, occlusal splints and dental drug delivery system
trays.' Mouthguards have been utilized by athletes who recognize
the need for oral protection during their sports activities.” Techniques
that utilize dental drug delivery system trays have been developed
for controlling oral cariogenic bacteria, in combination with pro-
fessional mechanical tooth cleaning (PMTC), and they are designed
for repetitive usage within 1 day for care at home performed by
patients.?

According to their purpose and design, dental devices made of EVA
are used repeatedly from 1 day to several months, and the method of
storage of such devices is the responsibility of each individual user.
However, no standard for adequate storage for EVA devices has been
established. Thus, the storage methods utilized are considered to differ
and may not be appropriate from the perspective of bacteriological
safety.

Herein, we investigated bacterial survival on samples made of EVA
under various storage conditions, and evaluated the effectiveness
based on microbiological and other aspects. Our purpose is to provide
data to establish a standard for hygienic storage for dental devices
made of EVA.

MATERIALS AND METHODS

Subjects and sample collection

The study subjects consisted of seven healthy adults ranging from
24 to 32 years old, who belonged to the Department of Prostho-
dontics, Gerodontology and Oral Rehabilitation, Osaka University
Graduate School of Dentistry. The study protocol was approved by
the Ethics Board of the Institute of Dentistry, Osaka University, and
informed consent was obtained from each subject. Prior to the collec-
tion of individual specimens, dental biofilm was removed using
PMTC by a single trained dental hygienist. Following PMTC, the
subjects rinsed their mouth with sterilized water. Next, an EVA
sheet (Erkoflex; ERKODENT Erich Kopp GmbH, Pfalzgrafenweiler,
Germany) measuring 5 mmX20 mmX 1 mm was placed in the mouth
to mix with saliva for 5 min. Salivary bacterial counts were determined
after incubation of 100-fold diluted saliva on brain—heart infusion
(BHI) agar plates. EVA sample sheets were washed with sterilized
running water from wash bottles made up of polyethylene for 10 s,
then subjected to mechanical brushing with a toothbrush 5 times
and cetylpyridinium chloride solution (Mouthguard Cleaner; Earth
Chemical Co. Ltd, Tokyo, Japan), either individually or in combina-
tion, then stored for 0, 1, 2, 3, 7, 14, 21 or 28 days in ventilated
containers (Retainer Case; A. R. Medicom Inc. (Asia) Ltd, Kobe,
Japan) or closed tubes (Eppendorf tube; Eppendorf Biochip Systems
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Figure 1 Number of attached bacteria on EVA sheets with different cleaning methods. Following PMTC, salivary bacterial counts were determined for one of the
subjects. EVA sample sheets mixed with saliva were strongly vortexed with 1 mL sterilized PBS, then inoculated onto BHI agar plates and incubated for 24 h. The mean
number of salivary bacteria was (4.74+1.62)x 10° CFU per 1 mL saliva. The sample sheets were treated with sterilized water (rinse), mechanical brushing and rinsing
(brushing), cetylpyridinium chloride solution (Mouthguard Cleaner; MGC) and without any cleaning (untreated), respectively. The vertical axis shows bacterial counts
per samples for solid surfaces, except for saliva. Statistical significance was determined using a Student’s t-test (* P<0.05, **P<0.001 vs. untreated control group). All
experiments were performed in triplicate with three technical repeats. Horizontal bars indicate the standard deviation. BHI, brain—heart infusion; CFU, colony-forming
units; EVA, ethylene vinyl acetate; PBS, phosphate-buffered saline; PMTC, professional mechanical tooth cleaning.

GmbH, Hamburg, Germany) at room temperature until performance
of a detection assay.

Isolation and identification of oral bacteria on EVA sample sheets
Salivary samples obtained from the surfaces of the EVA sheets were
serially diluted with 1.0 mL of sterilized phosphate-buffered saline
(PBS), then inoculated onto BHI agar plates and incubated at 37 C
for 48 h in a 5% CO, enriched atmosphere. At least 100 colonies were
randomly selected from each sheet and identified.

Bacterial identification using polymerase chain reaction (PCR)
PCR was carried out in 20 pL of a reaction mixture containing
0.5 U Ampli Taq Gold DNA Polymerase (Life Technologies Japan,
Ltd., Tokyo, Japan), 1.0 pytmol'L71 of oligonucleotide primers, and
1.5 mmol-L™" of MgCl,, according to the manufacturers’ instructions.
Amplification was performed with a GeneAmp 2400 thermal cycler
(Applied Biosystems). Nine primer sets was used for the detection of
oral streptococci, including Streptococcus mitis, Streptococcus salivar-
ius, Streptococcus sanguinis, Streptococcus oralis, Streptococcus gordonii,
Streptococcus mutans, Streptococcus sobrinus, Streptococcus pyogenes
and Streptococcus pneumoniae, as previously described.*” The PCR
products were stained with ethidium bromide and analyzed using
1.5% agarose gel electrophoresis.

Statistical analyses

The difference was calculated with logarithmic transformation of
bacterial counts followed by comparison by using the Student’s
t-test. Statistical significance was considered in case for P values less
than 0.05.

RESULTS

Detection of bacteria on EVA sheets

Following PMTC, the salivary bacterial count in one of the subjects
was examined. EVA sample sheets mixed with saliva were strongly
vortexed with sterilized PBS and inoculated onto BHI ager plates.
The mean salivary bacterial count of the untreated sheets was
(4.74+1.62)X10° colony forming units (CFU)-mL~", which was
significantly decreased by washing with sterilized water (P=0.031),

mechanical brushing and rinsing (P=0.020), and using cetylpyridi-
nium chloride (P<<0.001) as shown in Figure 1.

Next, EVA sample sheets mixed with saliva were strongly
vortexed with sterilized PBS to correct bacteria from solid surface,
and inoculated onto BHI ager plates, followed by storage in a venti-
lated or closed environment. Prior to bacterial detection from the
EVA sample sheets, salivary bacterial counts were performed for
five subjects, which were (3.55%0.85) X 107, (2.03%0.77) X 107, (4.32*
1.57)X10% (9.17+1.26) X 10° and (1.46=0.12) X 10" CFU per 1 mL of
saliva in subjects 1-5, respectively (data not shown). Time-dependent
evaluation revealed no bacteria detected from samples stored 2 days or
longer in a ventilated environment without cleaning (Figure 2a), as
well as those washed with sterilized water (Figure 2b) and those sub-
jected to mechanical brushing (Figure 2c). On the other hand, live
bacteria were detected from samples from all five stored in a closed
environment for 7 days and from samples from one of five subjects
stored for 14 days (Figure 2d), while none were observed in samples
following 21 and 28 days (data not shown) of storage. However, no
bacteria were detected on samples stored 2 days or longer in a closed
environment after washing with sterilized water (Figure 2e) or sub-
jected to mechanical brushing (Figure 2f). The bacterial counts of the
untreated samples gradually declined as the time of storage was
extended. In contrast, the numbers of bacteria on samples treated with
sterilized water and/or mechanical brushing rapidly decreased to none
within 48 h.

Bacterial identification using PCR

Bacterial identification was performed using samples obtained from
two subjects (K, female; S, male) prior to storage (0 day) and after
storage for 14 days. Samples were serially diluted with sterilized PBS,
inoculated onto BHI agar plates, and incubated at 37 C for 48 h.
At least 100 colonies were randomly selected from each sample and
identified using a PCR method. S. salivarius was mainly identified
(33.0%) in the 0-day sample from S, followed by S. oralis (20.0%),
S. mitis (1.0%) and others. S. oralis was dominantly detected (43.9%)
in the 0-day sample from K, followed by S. salivarius (7.5%) and
S. sanguinis (5.6%). After 14 days of storage in a closed environment,
S. oralis was detected in more than 70% of samples from both subjects.
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Figure 2 Attached and surviving bacteria on surfaces of EVA sample sheets
over time. Salivary bacterial counts were determined for five subjects. EVA sam-
ple sheets mixed with saliva were strongly vortexed with sterilized PBS and inocu-
lated onto BHI agar plates, followed by storage in a ventilated (a—c) or closed (d-f)
environment. Bacterial detection was performed using samples washed without
any cleaning (a, d), washed with sterilized water (b, e), or washed with sterilized
water following mechanical brushing (c, ). All experiments were performed in
triplicate with three technical repeats. Horizontal bars indicate the standard devi-
ation. BHI, brain—heart infusion; EVA, ethylene vinyl acetate; PBS, phosphate-

buffered saline.

Table 1 Primers used in this study

VA S. salivarius
|:| S. sanguinis
. S. oralis
. S. gordonii
B s. mitis

E undefined

K-

107 strains

K-14d S-14d

104 strains

108 strains

Figure 3 ldentification of bacteria isolated from EVA sample sheets stored in
closed environment with or without long-term storage. Saliva samples were
obtained from two subjects (K, female; S, male) at two different time points, O
day (before storage) and after 14 days of storage in closed tubes. Next, the
samples were serially diluted with PBS, inoculated onto BHI agar plates, and
incubated at 37 T for 24-48 h. At least 100 colonies were randomly selected
from each sample and identified. Streptococcal species were detected using
specific primer sets, as shown in Table 1. Each circle graph indicates the pro-
portion of streptococcal species identified by PCR and undefined strains. BHI,
brain—heart infusion; EVA, ethylene vinyl acetate; PBS, phosphate-buffered sal-
ine; PCR, polymerase chain reaction.

S. salivarius was not identified in any samples after 14 days (Figure 3).
In addition, S. mutans, S. sobrinus, S. pyogenes and S. pneumoniae were
not identified in any of the samples under any of the experimental
conditions. Primers used in this study were showed in Table 1.

Species Sequence Amplified fragment size/bp Reference

S. mitis TGAAATCGAGGTTGGCCTAC 259 4
TTCCCGCTCTAAAAGGATTTGC

S. salivarius GTGTTGCCACATCTTCACTCGCTTCGG 544 5
CGTTGATGTGCTTGAAAGGGCACCATT

S. sanguinis GGATAGTGGCTCAGGGCAGCCAGTT 313 5
GAACAGTTGCTGGACTTGCTTGTC

S. oralis TCCCGGTCAGCAAACTCCAGCC 374 5
GCAACCTTTGGATTTGCAAC

S. gordonii CTATGCGGATGATGCTAATCAAGTG 440 5
GGAGTCGCTATAATCTTGTCAGAAA

S. mutans GGCACCACAACATTGGGAAGCTCAGTT 433 5
GGAATGGCCGCTAAGTCAACAGGAT

S. sobrinus GATGATTTGGCTCAGGATCAATCCTC 328 5
ACTGAGCCAGTAGTAGACTTGGCAACT

S. pyogenes GGCGATTTCAGAATTGATGGC 464 6
GCGGCGTGCCTCAGGTTCTGTTCTAACG

S. pneumoniae GACTTTGAATTCCCATGGCTTG 181 7

TCTGGTTTTGATCTATGTAAGC
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DISCUSSION

Dental devices made of EVA are generally used repeatedly from 1 day
to several months, and the method of storage is the responsibility of
the user. However, no established standard for adequate storage of
EVA devices has been presented. As a result, it is speculated that
methods of storage differ among individuals and may not be appro-
priate from a bacteriological standpoint.

Bacterial contamination, survival and persistence under various
harsh conditions, including desiccation, temperature, low and high
pH levels, lack of nutrients, and others, have been well studied for the
food processing and supply industries. The risk of bacterial cross-
contamination is considered to be lower in a low-moisture envi-
ronment, partly because bacterial growth and survival are reduced.
However, Kusumaningrum et al.® reported that Salmonella species
survived on dried abiotic surfaces for at least 4 days. In the present
study, though bacteria from salivary samples survived for 24 h, they
were undetected in samples stored for 48 h or longer on the dried
abiotic surfaces. To the best of our knowledge, this is the first report
to present survival data for Streptococcus species, which may be helpful
for other researchers.

In other previous studies, S. mitis, S. salivarius and other Strepto-
coccus species were commonly detected in saliva obtained from diffe-
rent aged subjects.*” Interestingly, S. salivarius and S. oralis were
dominantly detected in the present 0-day samples and showed a sub-
ject-dependent proportion of bacterial flora in PCR assays using the
bacterial 16S rRNA gene. On the other hand, S. oralis was dominantly
detected in 14-day samples, which showed a similar propensity. These
results suggest that S. oralis can survive longer as compared to other
oral streptococcal species.

Abiko et al.'® reported that the proportions of Streptococcus species,
especially S. oralis and S. sanguinis, were higher in subgingival plaque
biofilm microflora, indicating that Streptococcus species are one of the
major components of subgingival plaque biofilm. S. sanguinis is con-
sidered to be the first microorganism to colonize tooth surfaces by
forming dental biofilm, which is closely related to infective endocardi-
tis caused by oral bacteria entering the bloodstream following
'""12 Furthermore, S. gordonii is one of the early colonizers
that initiate biofilm formation from dental plaque.'® These are rea-
sonable explanations for the present findings, as we detected lower
proportions of S. gordonii, S. mitisand S. sanguinis in salivary samples,
despite previous findings that these Streptococcus species are major
components of oral microflora. Furthermore, S. pyogenes is frequently
obtained from throat swab specimens,“HS and S. pneumoniae from
nasopharynx and sinus carriage samples obtained from healthy and
asymptomatic individuals.'®™'® Thus, these microorganisms might be
rarely observed in salivary specimens.

According to the previous study of Maeda et al,'® oral com-
mensal viridans group streptococci, including S. mitis, S. salivarius,
S. sanguinis, S. oralis, S. gordonii and S. mutans, may potentially act
as a reservoir of antibiotic resistant gene determinants for newly
acquired and antibiotic-susceptible pathogens. They also frequently
found several mutations that were responsible for antibiotic resistance
in these organisms. Furthermore, carbohydrate restriction was sug-
gested to provide resistance toward heat, and oxidative and acidic
stresses as compared with a variety of other microorganisms.”*~*
Thus, salivary bacteria that have been exposed to a nutrition starved
condition may acquire tolerance to heat, oxidative stresses and
antibiotics.

Our findings demonstrated that oral streptococci derived from
saliva tend to survive in a non-ventilated moist environment.

trauma.
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Although neither washing EVA sheets with sterilized water nor bru-
shing was lethal for attached microbes, those methods are effective for
earlier bacterial declination due weakening bacterial colonization on
the EVA surface. Teixeira et al?> previously suggested that initial
colonization of tooth surfaces by streptococci involves attachment
of the bacteria to adsorbed salivary components of the acquired pel-
licle. Cetylpyridinium chloride was effectively eradicated bacteria on
the EVA surface, however, has been demonstrated to have cytotoxic
side effect on several mammalian cells.****

CONCLUSION

Taken together, washing with sterilized water and a ventilated
environment is effective for hygienic storage of dental devices made
of EVA.
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