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Evaluation of Safety of Disposable Saliva Ejectors after

Autoclaving Sterilisation

Hye-Young Yoon / Sun-Jung Shin / Bo-Mi Shin / Hyo-Jin Lee / Jin-Sun Choi / Soo-Myoung Bae

Purpose: To identify the bacteria and proteins that remain after cleaning and sterilisation of SEs used in dental practices,

and to investigate potential problems when reusing SEs.

Materials and Methods: In total, 105 SEs used on study participants were collected. The collected SEs were immediately
immersed in the disinfectant solution and then washed with tap water and a cleaning brush. The SEs were dried, placed in
sterile pouches, and sterilised in an autoclave before being used in the experiment. To detect residual bacteria, SE samples
were cultured in brain heart infusion (BHI) broth for 10 days, followed by re-culturing on blood agar and BHI agar. Bacterial
identification was performed using bacterial colonies. To identify residual proteins, SE samples were stained with phloxine

B, and the stained sites and area were analysed.

Results: Residual bacteria were found in one (1.64%) of 61 sterilised SEs. The cultured colonies were identified as Staphylo-
coccus warneri. Residual proteins were observed on the tips of 36 (81.8%) of the 44 SE samples, and on the bodies of all
samples (100%). The average stained area of the residual proteins on the SE bodies was 1.78% (standard deviation, 3.1%).

Conclusion: The presence of bacteria and proteins in sterilised SEs indicates that their reuse can cause cross-contamination.
This study is the first attempt to provide experimental evidence of the problems with reuse of SEs.
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With the emergence and spread of COVID-19, awareness of
and interest in infection control within medical facilities,
including dental offices, have increased along with the de-
mand for safer medical practices.826 With these societal
changes, dental professionals need more information to recog-
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nise the importance of infection control practices, as well as
how to implement and evaluate them correctly. Controlling
infection using dental instruments and materials is important.
Previous studies have shown that people are more careful
about the disinfection of dental instruments after receiving in-
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formation about cross-infections in the dental office, and many
people indicated that they avoided visiting the dental office
because they were worried about becoming infected from the
dental chair or instruments during COVID-19.1419 Because
most instruments and materials used in dental offices come
into contact with patients’ mucous membranes and teeth, and
are frequently contaminated with saliva and blood, improperly
treated dental instruments and materials can act as vectors for
the transmission of pathogenic microorganisms.17.23

Dental instruments are categorised as high-risk, moder-
ate-risk, and non-risk based on the purpose of use and risk of
infection. It is recommended to sterilse high-risk and moder-
ate-risk instruments if they are heat-resistant; however, if they
are not heat-resistant and cannot be sterilised, they are recom-
mended to be used once and then discarded.2! Disposable
dental devices include syringe needles, prophylaxis cups,
prophylaxis brushes, saliva ejectors, high-volume evacuator
tips, etc.17.23

Plastic saliva ejectors (SE) are frequently used in dental
procedures to prevent the airborne spread of aerosols and
droplets containing the patient’s saliva or blood during pro-
cedures involving ultrasonic scalers and high-speed hand-
pieces.! SEs can come into contact with a patient’s mucous
membranes and teeth, including potentially damaged mu-
cous membranes, making them high- or moderate-risk instru-
ments.23 According to recommended infection control prac-
tices for high- or moderate-risk instruments, SEs should be
sterilised if possible; however, because they are made of plas-
tic and are not heat-resistant, and because their narrow inner
diameter of approximately 6 mm makes it difficult to clean
them thoroughly, they are recommended to be used once and
discarded.17.21.23 However, previous studies examining dental
instrument reprocessing practices showed that SEs are re-
used after sterilisation, and recent studies in Korea have also
found that SEs are reused after sterilisation, though at a lower
ratel6,l3,15,23

Previous studies227 that identified risks from reprocessing
healing abutments (HA), a material used to aid in recovery af-
ter dental implant surgery, found that HA are a high-risk device
which are difficult to completely clean and disinfect. There-
fore, although they should be discarded after single use,they
are being sterilised and reused. The same studies227 also
found that bacteria and proteins remained in used HA even af-
ter sterilisation, indicating that cross-infection with bacteria or

348

Fig1l Partsof SE. T: tip; B: body (@6 mm x 13 mm).

proteins can occur. In particular, the residual protein suggests
that cross-infection with prions — protein-based infectious par-
ticles which are highly resistant to proteolytic enzymes and
heat and can cause neurodegenerative diseases including
spongiform encephalopathy (Creutzfeldt-Jakob disease) - is
possible.1825

Similar to the findings regarding the risks of sterilised and
reused HA, it is possible that residual bacteria or proteins may
be found in sterilised and reused SE, indicating the potential
for cross-infection from sterilised SE.

Therefore, this study aims to determine the presence of re-
sidual bacteria and proteins after sterilisation of SEs and to
provide an experimental basis determining the risk of reusing
SEs after sterilisation.

MATERIALS AND METHODS

Study Participants

This study was conducted at the Department of Dental Hy-
giene, Gangneung-Wonju National University, Korea, after ob-
taining approval from the Public Institute Review Board (P01-
202303-06-001). In this study, the safety of SEs after sterilisation
was evaluated to determine the presence of microorganisms
in the sterilised SEs. In one previous study,25 55 samples were
collected from sterilised HAs to determine residual microor-
ganisms, and in another,18 40 samples were collected from
sterilised HAs to determine residual organisms. Based on these
studies, 105 samples (residual microbial assessment: 61 sam-
ples; residual organic assessment: 44 samples) were collected,
taking a 10% dropout rate into account.

The participants were recruited, scaling was performed,
and SEs were collected. Adults aged =19 years who voluntarily
visited the study center and agreed to participate were in-
cluded in the study, with the exception of those with tooth hy-
persensitivity, complained of hypersensitivity during scaling,
and students in the researchers’ department.

Sample Collection and Treatment

Samples were collected from March 16, 2023 to January 18,
2024. Scaling was performed in the participants for approxi-
mately 30 min, and the SEs used were included in the study. A
total of 105 SEs (Asa Dental; Massarosa, Italy) were collected
from the participants.
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Fig2 Culture of bacteria in liquid and solid media. (a)-(d): Liquid cultures, red arrow:
fresh BHI liquid medium with nothing cultured; black arrows: samples with changed
turbidity of the liquid medium. (e): Solid cultures, bacterial colonies identified by
re-culturing liquid cultures on solid media, shown in (b) with black arrows; (a): unused

and new SEs; (b)-(d): SEs used for scaling.

The collected SEs were immediately immersed in a disin-
fectant solution (2% quaternary ammonium compounds; IL-
CHUNG DENTAL, Seoul, Korea) for 2 h as recommended by the
manufacturer, and then washed with tap water and a cleaning
brush. After washing and drying at room temperature, SEs
were placed in sterile pouches and sterilised in an autoclave
(HTA-50V; Han Sung, Cheonan, Korea). Sterilised SEs were
packed in sterile pouches and stored at room temperature un-
til use.

Evaluation of Residual Bacteria on Sterilised SE

Confirmation of bacterial growth

Of the 105 sterilised SEs, 61 were removed from the sterile
pouch using sterile tweezers under aseptic conditions and
placed in a sterile test tube containing 10 ml of brain heart in-
fusion broth (BHI; MB cell, Seoul, Korea). A new and unused SE
straight out of the package was used as a negative control to
confirm residual bacteria. The tubes were incubated in a 37°C
and 5% CO; in an incubator (MCO-170AIC, Panasonic, Osaka,
Japan) for 10 days and examined for changes in turbidity.2 Af-
ter 10 days of incubation, 100 ul of the liquid culture was inoc-
ulated onto BHI agar (BHIA, MB cells) and blood agar (BA,
Hangang, Gunpo, Korea), and then incubated for 48 hina 37°C,
5% CO, incubator (Panasonic) for BHIA and a 37°C incubator
(H2200-HE, Benchmark Scientific; Sayreville, NJ, USA) for BA.

Identification of bacterial species

Only one sample formed colonies on solid media and these
colonies were subjected to bacterial identification. Four colo-
nies per morphotype were selected from the BHIA-grown colo-
nies and two colonies from the BA-grown colonies for pure
culture. Then, the pure-cultured bacterial colonies were sus-
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pended in 200 pl sterile distilled water. Genomic DNA was ex-
tracted from this suspension using a G-spin Genomic DNA Ex-
traction Kit (Intron Biotechnology; Seongnam, Korea)
according to the manufacturer’s instructions. The 16S rRNA
gene was amplified in QuantStudio 7 flex (Applied Biosystems;
Bedford, MA, USA) using PCR primers (27F; 5’-AGA GTT TGA
TCM TGG CTC AG-3, 1492R; 5’-TAC GGY TAC CTT GTT ACG ACT
T-3’) and Solg 2x Taq PCR Pre-Mix (SolGent; Daejeon, Korea).
The PCR conditions were as follows: 0.1 uM forward and re-
verse primers and 100 pg of bacterial genomic DNA were
added, distilled water was added to a final volume of 30 ul, and
the reaction was performed at 94°C for 2 min, followed by de-
naturation at 94°C for 30 s, annealing at 55°C for 30 s, and ex-
tension at 72°C for 1 min (34 cycles).# The amplified DNA was
purified using a PCR purification kit (SolGent) and sequenced
by Cosmo Genetech (Seoul, Korea). For bacterial species iden-
tification, the sequences were analysed using BLASTN (ge-
nome database of the National Center for Biotechnology Infor-
mation, Bethesda, MD, USA).

Evaluation of Residual Protein on Sterilised SE

The remaining 44 sterilised SEs were placed in a conical 15-ml
tube (SPL; Seoul, South Korea) containing 25 ml of Phloxine B
protein staining solution (Phloxine B fluorescent dye Sig-
ma-Aldrich; St Louis, MO, USA).27 To confirm residual protein, a
new and unused SE straight out of the package was used as a
negative control and stained with Phloxine B. After staining for
10 min, the SEs were washed twice with sterile distilled water
and air dried.

Stained SEs were photographed using a digital camera and
light microscope (Eclipse Ei, Nikon; Tokyo, Japan). The outer
surface of the SE tip was photographed using a digital camera at
2X magnification and the presence of staining was confirmed.
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To determine the presence or absence of staining on the tip, the
surfaces of the side, top, and surface connected to the body
were evaluated; if staining was present on any of these surfaces,
the final stained sample was evaluated. The clear-tube bodies
of SEs (6 mm x 13 mm) were photographed with a digital cam-
era at 2X magnification on the outside, and the inside was pho-
tographed at 40X magnification using a light microscope
(Nikon) to confirm the presence of staining. The area of the
stained surface was measured using ImageJ software (National
Institutes of Health; Bethesda, MD, USA) using the images of the
stained body taken under a light microscope (Fig 1). The surface
area was expressed as a percentage (%) of the total area.18

RESULTS

Residual Bacteria on Sterilised SE
When the 61 SEs used in this study were incubated in BHI liquid
media, three (4.92%) samples showed visible turbidity changes
(Fig 2). When liquid cultures were re-cultured on solid media,
only one (1.64%) sample produced bacterial colonies (Fig 2).
There was no obvious visible turbidity change in the SE of the
new, unused negative control.

Six bacterial colonies cultured on BHIA and BA were iso-
lated by morphology, and species analysis revealed that all six
colonies were Staphylococcus warneri.

Residual Proteins on Sterilised SE

Of the 44 SEs used in the test, when observing residual protein
by site, residual protein was detected in 36 (81.8%) of the sam-
ples at the tip site. Residual proteins were observed in all
(100%) samples. Photographs of representative samples are
shown in Figs 3 and 4. The average area of the stained residual
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Fig 3 Residual protein stained at the
tip site of a sterilized SE. (a)—(c):
stained, unused, and new SEs; (d)—(f):
SEs stained and used for scaling, red
arrows: regions stained with residual
protein.

protein in the body of each SE sample was 1.78% (standard de-
viation 3.1%). In contrast, new, unused SE from the negative
control showed no staining at any of the sites.

DISCUSSION

By determining the presence of bacteria and proteins, this
study revealed the problems that can arise when SEs are re-
used after sterilisation, despite being recommended for single
use by standard infection control manuals. Residual bacteria
were identified in only one sample, whereas residual proteins
were identified in all samples. Similarly, a previous study con-
firming the safety of sterilised and reused HAs found no re-
sidual microorganisms in any of the 55 HA samples used.25
However, the presence of organic compounds was confirmed
by measuring the total organic carbon (TOC), and concerns re-
garding the transmission of prions and proteinaceous infec-
tious particles were raised, emphasising the need to stop HA
reuse.2s In a study by Wadhwani et al of 185 HAs used to deter-
mine stability after sterilisation, 66 (30.27%) HA samples were
contaminated with microorganisms.2” The microorganisms
detected were periodontal pathogenic bacteria, such as Aggre-
gatibacter actinomycetemcomitans and Prevotella intermedia,
and oral commensal bacteria, such as staphylococci.2” In our
study, bacteria were detected in one (1.64%) sample, all of
which were identified as Staphylococcus warneri by bacterial
identification. As the experiment was conducted in a sterile en-
vironment (using a disinfected bench and sterile towels), with
no skin exposure of the researcher (who wore a mask, lab
gown, and disinfected gloves), and using sterile equipment, it
is presumed that there was no bacterial contamination from
the researcher. As Wadhwani et al2? also found a high number
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Fig4 Residual protein stained in the
body of the SE. (a)-(b): stained,
unused, and new SEs; (c)—(h): SEs
stained and used for scaling; (a),
(c)—(d): A photograph of the outside
of the body with a digital camera at
2X magnification; (b), (e)-(h):
Photograph of the inside of the body
under a light microscope at 40X
magnification, red arrows: areas of
residual protein stained on the inner
surface of the body.

(5 out of 15) of staphylococci, it seems quite possible that
staphylococci remain on dental instruments. Besides, S. warneri
is a common commensal bacterium in human and animal skin
flora, with a high prevalence in the head and nasal cavity and
colony colors varying from orange to yellow to gray-white.16 It
has also been reported to be found in the oral cavity and den-
tal plaque, although at a lower frequency. Therefore, it is pos-
sible that the S. warneri identified in this study could have orig-
inated from the head, nasal cavity, or oral cavity, which may
have come into contact with the SE when it was used.522 This
indicates that sterilisation methods cannot completely elimi-
nate residual microorganisms on SEs and show the potential
for cross-infection owing to the reuse of SEs.

Phloxine B was used to determine the presence of residual
organic compounds. Phloxine B is a fluorescein derivative
stain used to detect proteins and peptides, and is FDA ap-
proved for use as a drug and food coloring, as well as for bac-
terial staining and blood staining in forensic medicine.2427 In a
previous study, when Phloxine B was used to identify residual
proteins on the surface of sterilised HAs, proteins were ob-
served in 99 (99%) of 100 HAs.27 The detection of organic com-
pounds, including proteins, on the surface of sterilised HA indi-
cates its potential for prion transmission through the reuse of
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sterilised HA.25.27 Prions are proteinaceous infectious particles
that can cause neurodegenerative diseases in humans, includ-
ing Kuru, Creutzfeldt-Jakob disease, and variant Creutzfeldt-
Jakob disease, are known to be highly resistant to proteolytic
enzymes, and can survive temperatures of 200°C for
1-2 h.12.2527 Eyen when the prions were treated with the typi-
cal sterilisation process performed in dentistry (134°C, 18 or 4
min), it was found that they were not always completely re-
moved.20 This demonstrates the limitations of sterilisation for
completely removing prions from the surface of dental instru-
ments, and indicates the need for other treatment methods in
addition to sterilisation to remove residual proteins and micro-
organisms when reprocessing dental instruments. Prions can
be completely removed by some disinfectants. A previous
study comparing the area of residual protein using Phloxine B
after the HA had been treated with two disinfection methods,
found less residual protein after disinfectant plus sonication
than after water plus sonication, suggesting that the use of dis-
infectants can be effective in removing prions.18.20 However, in
the same study, the screwdriver engagement sites in on the HA
retained many proteins, even after a combination of disinfect-
ants and sonication.18 These results demonstrate that even
effective disinfectants capable of removing prions cannot ab-
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solutely remove proteins from the surface of concave sites,
such as screwdriver engagement sites in HAs.

Similar to the HA's external characteristics, the SE’s body is
composed of a long tube with a narrow inner diameter and a
small hollow at the tip, making it difficult to completely re-
move prions using the disinfection and sterilisation methods
performed in dentistry. In particular, the tip is the part of the
SE that comes into direct contact with the patient’s oral cavity,
and the presence of residual organics on the tip exterior, as
shown in this study, indicates a high risk of cross-infection
when reused. In addition, Watson and Whitehouse confirmed
the reflux of fluid when the SE tip was closed and sealed with
the lips, creating negative pressure.?® This indicates the possi-
bility that proteins residing inside the body are transferred
back into the oral cavity by creating negative pressure around
the tip. Therefore, it is necessary to stop SE reuse.

While the unique shapes of instruments and materials used in
dentistry can affect their reprocessing, the Dental Infection Con-
trol Standards Policy Manual (Ministry of Health and Welfare, Seo-
jong, Korea) suggests reprocessing methods based on whether
the procedure involves mucosal contact and tissue penetration.2!
For surfaces such as HA and SE where it is difficult to completely
remove organics, enhanced reprocessing methods are needed, as
are infection control methods that consider the shapes of instru-
ments and materials. Some dental offices in Korea were found to
reuse disposable dental materials such as prophylaxis cups,
prophylaxis brushes, and irrigation needles.23 Analogous to the
object of research in this study, it is necessary to investigate the
risks of reusing these other single-use materials in the future. Be-
cause economic reasons are mentioned as one of the reasons for
not practicing infection control, the economic benefits of reusing
these single-use materials need to be re-assessed.39.15 Although
the cost per unit of these disposable materials is low, the reuse of
these materials might be perceived as a significant cost saving,
considering the average number (40 on average, with a maximum
of 80 or more in Korea) of patients per day.”.° However, the labor
costs involved in reusing them should not be overlooked, as this
would make reprocessing less economical. This provides yet an-
other reason for ceasing to reuse single-use materials.

Interest in and practice of infection control was shown to in-
crease when there are fewer patients per dental hygienist, and
when there is a designated infection control staff member.7.10.11
Therefore, in order to improve infection control practices, it is
recommended that a related system should be established in
Korea, along with research that reveals the risks of reuse.

In this regard, institutional improvements in dental device
manufacturing are required. Currently, SEs, prophylaxis cups,
and prophylaxis brushes, which are intended to be disposable,
are packaged in bundles rather than individually.23 Although
no residual bacteria and proteins were detected from the new
SEs used as negative controls in this study, there is a high prob-
ability of contamination before they are used on patients, as
dental offices keep the packages open until the contents have
been completely consumed. Therefore, restrictions on the
type of packaging must be required at the time of supply, and
studies should be conducted to determine the extent of con-
tamination of open disposables to highlight the need for insti-
tutional improvements.
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This study has limitations in that it only confirmed the
presence of proteins or peptides as organics and did not iden-
tify the properties of the stained residual proteins to accurately
determine their human origin. In addition, because the bacter-
ial colonies were separated by morphology and only six types
of colonies were identified, bacteria grown in liquid culture or
those not cultured on solid media were not identified.

CONCLUSION

This is the first study to provide experimental evidence of the
problems that may occur when SEs are sterilised and reused,
rather than being discarded after single use, as recommended
in standard infection control manuals. This study can be con-
sidered as the scientific basis for the Standard Policy Manual
for Dental Infection Control. The findings of this study should
raise awareness among dental professionals regarding the im-
portance of dental infection control practices.
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