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Abstract: Severe Acute Respiratory Syndrome 2 (SARS-CoV-2) is a positive-sense single-stranded
RNA coronavirus capable of causing potentially lethal pneumonia-like infectious diseases in mam-
mals and birds. The main mechanisms by which SARS-CoV-2 spreads include airborne transmission
(aerosols and droplets) and the direct exposure of tissues (conjunctival, nasal, and oral mucosa)
to contaminated fluids. The aerosol formation is universal in dentistry due to the use of rotary
instruments (handpieces), ultrasonic scalers, and air-water syringes. Several layers of infection
control should protect key stakeholders such as dentists, dental staff, and patients. These include
the utilization of personal protective equipment, high-volume evacuation systems, pre-procedural
mouthwashes, rubber dam, and more recently, antimicrobial photodynamic therapy and intra-oral
visible light irradiation. These non-specific light-based approaches are relatively simple, inexpensive,
and effective against viruses, bacteria, and fungi. Therefore, the present perspective review discusses
the current efforts and limitations on utilizing biophotonic approaches as adjunct infection control
methods to prevent the transmission of SARS-CoV-2 in dental settings. In addition, the present
perspective review may positively impact subsequent developments in the field, as it offers relevant
information regarding the intricacies and complexities of infection control in dental settings.
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1. Introduction

Coronaviruses are a large family of viruses that include the Middle East Respiratory
Syndrome (MERS-CoV), Severe Acute Respiratory Syndrome (SARS-CoV), and Severe
Acute Respiratory Syndrome 2 (SARS-CoV-2), which is responsible for the ongoing coro-
navirus disease (COVID-19) pandemic. These are known to cause infectious respiratory
diseases in birds and mammals that range from the common cold to more severe and
potentially lethal pneumonia-like diseases. SARS-CoV-2, a positive-sense single-stranded
RNA virus, was transferred from bats (original host) and pangolins (intermediate host) to
humans in wet markets in Wuhan [1]. According to Chinese health authorities, COVID-19
is clinically translated in patients in the form of flu-like symptoms, including fever (low
to mild), runny nose, sputum production, abnormal CT scans of the lungs (opaque glass),
and respiratory dysfunction [2]. Even though SARS-CoV-2 incubation times are restricted
to between 5 and 6 days, 14 days of quarantine are typically recommended to individuals
with suspected COVID-19 exposure, [3] as recent reports indicate that infected patients may
continuously shed significant SARS-CoV-2 quanta (viral dose required to cause infection).
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The highly contagious characteristics of SARS-CoV-2, its airborne transmission mecha-
nisms, the occurrence of asymptomatic [4] and/or super-spreaders associated with intense
intercontinental air travel have significantly favored the exponential spread of this virus
amongst humans. These combined factors resulted in global proportions (5) characterized
by unprecedented occupational challenges for healthcare workers, including physicians,
nurses, dentists, and staff members. Such an event has overwhelmed the healthcare system
of numerous countries and was shown to affect people independently of their socioeco-
nomic status, gender, color, or age [5]. Despite the concerning mortality rates previously
reported (2-15%), most cases are associated with mild symptoms that do not require any
medical intervention or emergency care. However, in severe cases, affected patients display
life-threatening conditions, such as dyspnea, acute respiratory distress syndrome (ARDS),
acute cardiac injury, acute hepatic injury, acute kidney injury, and multi-organ failure. [6]

SARS-CoV-2 is transmitted via aerosols (<50 pm) and droplets (>50 um) [7] formed
during breathing, speaking, sneezing, and coughing [8,9]. Generated aerosols have been
shown to remain suspended in air (still or turbulent) for long periods while maintaining
their infectious nature for up to 3 h [10]. The settling of aerosols with potential pathogenic
behavior on surfaces (polymeric, ceramic, or metallic) is also of concern for health care
settings because contaminated surfaces may act as transmission sources [11].

Once a significant amount of virus has been inhaled by the host, primary viral repli-
cation occurs at the upper and lower respiratory tracts. [7] According to Ni et al., the An-
giotensin Convertase Enzyme 2 (ACE2), which is a homolog of the angiotensin-converting
enzyme (ACE), mediates SARS-CoV-2 infection by allowing the viral spike glycoprotein
(two-part protein; S1—primary attachment, S2—viral infusion) to specifically bind to host
cells’ membrane receptors. After initial attachment, virus’ and host cells” membranes fuse,
and viral RNA is then released into the cytoplasm, thereby establishing the COVID-19
infection. Even though varying levels of ACE2 expression have been found in different
tissues and organs, recent studies have demonstrated that lungs display the highest lev-
els of ACE2 expression in the human body. Other studies have found that SARS-CoV-2
display binding affinities to ACE2 10 to 20 times higher than those previously reported
for SARS-CoV-1 [12], which indicates a multifactorial process (aerosol transmission, ACE2
expression, and affinity) by which SARS-CoV-2 preferentially attacks the lungs [13].

ACE2 has important and broad biological functionalities in negating the renin-
angiotensin system’s role (RAS) in numerous diseases, such as hypertension, myocar-
dial infarction, and heart failure. In addition, ACE2 has also been identified in multiple
sites within the oral cavity, including the tongue, gingival tissues, and buccal mucosa,
which indicates that the oral cavity could work as a port of entry for SARS-CoV-2. [14]

2. SARS-CoV-2 Transmission in Dental Settings

Even though the current scientific evidence is not conclusive in demonstrating the
transmission of SARS-CoV-2 in dental settings due to routine dental procedures (e.g.,
prophylaxis, cavity preparation, and ultrasonic scaling), it has been shown that SARS-CoV-
2 is present in saliva. According to recent studies, SARS-CoV-2 is transferred from the
respiratory tract to the oral cavity via liquid droplets and blood from gingival cervical fluids
or salivary glands [15]. Despite this knowledge gap, it is well known that aerosol generation
is ubiquitous in dentistry, which is considered critical for transmitting SARS-CoV-2 [16].
Previous reports have indicated that the amount of aerosol generated is procedure-specific.
The amount of aerosols in dental prophylaxis, cavity preparation, root planing and scaling
is dependent on the type of handpiece used (low- and high-speed rotary instruments,
ultrasonic scalers, and air/water syringes) (Figure 1). The hands-on nature and limited
field of view characteristic in dentistry practice obligate both dentists and dental assistants
to work nearby (almost face-to-face) to the source where aerosols with potential pathogenic
behavior are generated (e.g., the oral cavity).
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Figure 1. Aerosols generated by air-water syringes hit the hard and soft oral tissues, causing
contaminated aerosols, which could be a source of transmitted infection.

In this critical scenario, several manuscripts have indicated that dental settings are
particularly susceptible to transmitting different types of microorganisms, including bacte-
ria, fungi, and viruses (Figure 2). In addition, other viruses (noroviruses, rabies, hepatitis B
and C, human papillomavirus, Epstein—Barr, herpes simplex, HIV, etc.) [17,18] are present
in the oral cavity. These can be efficiently transmitted during dental procedures because
aerosols typically get in touch with saliva, dental plaque, and blood [19]. Therefore, based
on the context presented and considering the intrinsic characteristics of SARS-CoV-2's and
its transmission mechanisms, it is possible to affirm that the oral cavity is a potential source
for the transmission of SARS-CoV-2. In a recent report conducted among 2195 dentists in
the United States, approximately 0.9% of them were tested positive for SARS-CoV-2 [20].
As aerosols are associated with higher risks for SARS-CoV-2 transmission, many dental
organizations have released new infection control protocols in dental settings [21,22].

Further Distance > !II
" g Direct Transmission .,
=09 ° ..
=0 e, o .. C
> % Ay

X ° - Susceptible
e [ .. Closed Proximity Individuals
s

’ OJ. Aerosols (<50 um) Droplets (>50 um)
& NN

Patient infected with
Covid-19 inside the
dental office

=R

UOISSILUSUB] 393.1pU|

BN, - Infected blood
L

Settled droplets and ™ l .. [
el e A o

I

Fomite Transmission

Figure 2. Infectious diseases, including COVID-19, can be directly or indirectly transmitted.

3. Infection Control in Dental Settings

Oral care providers must be familiar with SARS-CoV-2 transmission routes in dental
settings. Recently proposed approaches are implementing remote screening procedures
(Zoom, Skype, and FaceTime) before the dental visit (24) and limiting the number of
key stakeholders in the building to allow for social distancing and the maintenance of
fundamental clinical skills operations. It is also essential to frequently disinfect surfaces
in clinical (dental chair, cabinets, floors, etc.) and non-clinical areas (restrooms, chairs,
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sofas, front desk, etc.) that are directly or indirectly exposed to aerosols generated during
routine clinical care. Besides, oral care providers should recognize patients with suspected
exposure to SARS-CoV-2 or those displaying symptoms of COVID-19 and refer them for
further testing and potential treatment, as necessary [23]. To prevent any physical contact
with patients during screening procedures and before granting them access to the building,
itis advisable that the dental staff use free-hand forehead thermometers to measure patients’
temperatures. However, even though laser-based thermometers offer the advantage of a
contactless screening procedure, some reports have indicated that these devices cannot
accurately determine patients’ temperatures when the weather is cold [24]. Consequently,
repeated temperature measurements in non-clinical areas (e.g., waiting room) are necessary
before executing any dental procedure [25].

Based on the highly infectious nature of SARS-CoV-2, its transmission routes, and
the clinical practice of dentistry, which generates large volumes of aerosols with potential
pathogenic behavior, it is recommended that three levels of protective measures (primary,
secondary, and tertiary) be used [19]. The primary protection level is intended to create a
physical barrier that protects the operator and the supporting staff and includes disposable
gloves, gowns, surgical masks, N95 masks, goggles, and face shields. Secondary protection
involves using disposable isolation clothing over primary protection to further prevent the
operator’s exposure and shield staff from exposure to highly contagious organic contam-
inants. Finally, the tertiary level of protection is based on the utilization of containment
clothing (also known as Haz-suits) and P95 respirators to fully isolate the operator and
supporting staff when a COVID-19 positive patient must be admitted into the dental clinics
for emergency dental care [19].

Recent reports have suggested using high-volume saliva evacuators, aerosol contain-
ment devices, and four-hand techniques to minimize aerosols’ generation with pathogenic
behavior in dentistry [26,27]. Despite this critical scenario, elective dental procedures are
being conducted in many countries without proper mitigation strategies and independently
of the risks of the transmission of SARS-CoV-2. According to Samaranayake, Reid, and
Evans (33), dental dams’ intraoral utilization can efficiently control approximately 70%
of all airborne particles generated during routine dental treatment. Therefore, it should
be used as a mechanism to diminish the transmission of SARS-CoV-2 in dental settings.
Anti-retraction handpieces are another critical layer of protection in clinical dentistry. These
prevent the backflow of liquids containing microorganisms commonly found in the oral
cavity into the handpiece’s tubbings [28] and has been shown to decrease the potential for
hepatitis B transmission. Detailed guidelines for the safe treatment of patients in dental
offices during the COVID-19 pandemics can be accessed at the Centers for Disease Control
and Prevention (CDC) [22].

4. Preprocedural Disinfection to Prevent the Spreading of SARS-CoV-2

The use of antiseptic mouth rinses before dental procedures has been shown to reduce
the microbial load inside the oral cavity, thereby diminishing the risk for the transmission of
infectious diseases in dental settings. Chlorohexidine, the most commonly used mouth rinse
in dentistry, was demonstrated not to be effective against SARS-CoV-2 [9,29]. However,
ongoing investigations have shown possibilities of contributions to reduce viral load. One
study has shown that using 0.12% chlorhexidine as a mouth rinse could suppress the
activity of SARS-CoV-2 inside the oral cavity for 2 h [30]. Another study has indicated that
combining ethanol with chlorohexidine increases the chances for the inactivation of SARS-
CoV-2 [31]. Another recently tested approach involved the utilization of povidone-iodine
(PVP-I) as a rinse to inactivate SARS-CoV-2 [32,33].

The efficacy of hydrogen peroxide-containing mouth rinses has also been tested, and
reported results have demonstrated that these materials only displayed limited inactivation
levels against SARS-CoV-2 [33,34]. Therefore, it can be concluded that different mouth
rinses display varying inactivation levels against SARS-CoV-2 and that their utilization
should not be focused on preventing SARS-CoV-2 transmission in dental settings. Further
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investigations are necessary to elucidate the mechanisms of action by which these materials
may exert unintended antiviral actions against SARS-CoV-2 and determine whether their
long-term utilization may increase the risks associated with developing multi-drug resistant
bacteria in the oral cavity. In this context, non-specific, broad range, and inexpensive
disinfection strategies must be developed, investigated, and validated to mitigate the
potential for transmitting infectious diseases in dental settings.

5. Current Trends in Light-Based Oral Disinfection

The use of antimicrobial photodynamic therapy (aPDT) to disinfect dental tissues (soft
and hard) has been reported in previous studies [35,36]. aPDT has been shown to effectively
reduce oral cariogenic bacteria’s viability and those implicated in gingivitis, periodontitis,
peri-implantitis, and root canal infections [37]. In this technique, a photosensitizer is
typically used in combination with a specific wavelength to generate large quantities
of different reactive oxygen species (ROS) such as singlet and triplet oxygen [38]. and
These highly oxidative and short-lived species can oxidize, in a non-specific manner,
the membranes of numerous microorganisms present in the oral cavity [39]. aPDT is a
minimally invasive and ultraconservative technique with several advantages compared to
traditional antibiotic disinfection approaches, including its broad-spectrum efficacy against
bacteria, fungi, and viruses and its implementation is fast and inexpensive [40,41]. Several
studies have also demonstrated that the long-term utilization of aPDT does not induce the
development of resistant bacteria because its mechanism of action does not depend on a
structure or metabolic pathway [42]. The vast majority of studies investigating the efficacy
of aPDT against oral microorganisms have focused on specific target sites such as teeth,
periodontal tissues, root canals, or alveolar bones. However, a few reports are available
regarding the use of aPDT as a disinfecting approach for the entire oral cavity [43]. In the
disinfection approach, the patient is asked to rinse his/her mouth with a photosensitizer’s
solution, and then, a light irradiation is used to activate the photosensitizer and disinfect
the oral cavity (Figure 3).

In 2012, Araujo et al. investigated the efficacy of aPDT to promote oral cavity disinfec-
tion in a pilot clinical trial for the first time in dentistry [44]. In that study, participants were
instructed not to use any antibiotics or be subjected to professional dental hygiene before
the study. Participants fasted for 12 h before collecting saliva samples (before aPDT). After
baseline saliva collection, participants were required to swish the curcumin photosensitizer
for 5 min forcefully. After that, a visible wavelength (457 nm =+ 15 nm) emitted from a
light-emitting diode (LED, 67 mW /cm?) was used to irradiate the oral cavity for 5 min
(20.1]/cm?). Participants in the control group swished the photosensitizer for 5 min, but
the light was not used. Immediately after the intervention (aPDT), saliva samples were
collected to assess the presence and quantity of common oral microorganisms. Results
reported lower microbial loads in participants treated with aPDT than those observed in
the control group.

Even though all participants in the aPDT group have had microbial loads lower than
baseline levels, 50% of those participants displayed microbial reductions higher than 80%.
However, in the control group, most participants (>50%) did not show any reduction in
the observed microbial load. In combination, the findings reported by Araujo et al. in
2012 indicate that aPDT has a solid potential to be used as an adjunct preprocedural disin-
fection technique to diminish the transmission of airborne infectious diseases. However,
despite these promising results, the study cited did not investigate the efficacy of protocols
proposed in controlling the oral microbial load 30 to 60 min after the intervention. Such
determination is critically important in today’s day and age because most dental proce-
dures last for almost an hour and generate large quantities of aerosols with pathogenic
behavior [44]. Based on a substantial amount of promising results, [43] the research group
led by Dr. Bagnato in Brazil advances the clinical investigation on the efficacy of aPDT
approaches to prevent oral infections by conducting a two-arm-randomized clinical trial.
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Figure 3. Antimicrobial blue light therapy (aBLT) is a possible alternative way to control COVID-19
transmission during dental care. Patients are asked to rinse their mouth with a photosensitizer-
containing solution. Then, the entire oral cavity is irradiated with light in a specific wavelength to
activate the photosensitizer (A). aBLT can also be applied to other areas at risk of infection or to be
treated which can also be disinfected in this intended approach (B,C).

Leite et al. [43] conducted a study under similar conditions but with higher clinical
relevancy because saliva collections took place before disinfection, immediately after aPDT,
and 1 and 2 h after that [43]. In that study, participants were then divided into three
groups (aPDT, light irradiation only, and curcumin only) and were asked to use 20 mL
of curcumin (30 mg/L) for 5 min, followed by visible light irradiation (455 nm + 15 nm)
of the oral cavity for 5 min (=200 J/ cm?). Time-dependent (immediate, 1 h and 2 h after
aPDT) analysis of results demonstrated that aPDT could exert significant and sustainable
microbial load reductions in the order of 1-log (90%) compared to baseline values. These
promising results were not observed in groups subjected to either light irradiation or
curcumin alone, thereby underscoring the necessity to combine light irradiation with a
photosensitizer to promote ROS and the consequent death of oral microorganisms. These
are critical results because most routine dental visits are usually restricted to a couple of
hours. Therefore, determining aPDT’s long-term efficacy to disinfect the oral cavity is of
fundamental importance to diminish the chances of transmitting infectious diseases in
dental settings (Box 1) [43].
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Box 1. Summary of the clinical studies concerning the use of antimicrobial photodynamic therapy
(aPDT) to disinfect the oral cavity prior to dental procedures.

e  The most frequently used photosensitizer to disinfect the oral cavity is curcumin at the follow-
ing concentrations: 25 mg/L; 30 mg/L; 100 mg/L;1g/L, and 1.5 g/L.

Typical doses of energy used include 20.1]/ cm?, 85]/cm?, 100 J/cm? and 200 J/cm?.
Concentration-dependent mechanism (higher concentration = higher reductions).

High curcumin concentrations were found to exert long-term (24 h) effects.

Future studies should consider different photosensitizers and energy doses.

aPDT disinfection approaches cited should be investigated against SARS-CoV-2.

In 2016, Panhoca et al. tested the efficacy of aPDT mediated by visible light and
curcumin combined or not to sodium dodecyl sulfate (surfactant with known antibacte-
rial properties) as an oral decontamination approach for patients with fixed orthodontic
appliances. In that study, participants were randomly distributed into four groups: aPDT
(curcumin (1 g/L) + light irradiation (450 nm % 10 nm)), PDT (curcumin (1 g/L)+ sodium
dodecyl sulfate (SDS, 0.1%)) + light irradiation (450 nm % 10 nm)), light irradiation alone
(450 nm £ 10 nm), and 0.12% chlorhexidine gluconate (CHX) [45]. Participants were then
requested to forcefully swish the photosensitizer solution with and without the surfactant
for 2 min. The intraoral irradiation was then performed for 5 min, with a dose of energy of
approximately 100 J/cm?. Participants in the group subjected to CHX forcefully swished
the solution for 30 s.

In all groups, saliva collection occurred immediately after swishing (curcumin alone,
curcumin + surfactant or 5% DMSO in water), and immediately after the aPDT. The ob-
served microbial load reductions indicated that the tested protocols established a decreasing
efficacy order by which the investigated treatments could be rank-ordered in terms of their
antimicrobial potential, as follows: CHX > aPDT + SDS > aPDT > light only. The reported re-
sults not only confirm that aPDT can reduce the oral microbial load in orthodontic patients
with fixed appliances but have also indicated that surfactants such as SDS may be used
in combination to improve the efficacy of aPDT. Therefore, additional studies should be
conducted to expand the parameters tested and investigate the effectiveness of light-based
approaches against SARS-CoV-2. In addition, it is recommended that follow-up studies
consider collecting saliva after 1 and 2 h to explore the intervention’s sustainability.

The previous study concerning the use of PDT for oral cavity disinfection was conducted
among 50 healthy participants. Visible light (either 450 nm 4 10 nm or 630 nm =+ 10 nm) emit-
ted from LED light sources were used to irradiate either curcumin (25 and 100 mg/L) or
Photogem (25 and 100 ug/L) [46]. Saliva collection was performed immediately following
aPDT and 24 h after. Even though aPDT mediated by curcumin (25 mg/mL) and blue
light was shown to reduce the microbial load by 1-log immediately after the intervention, a
similar trend could not be observed after 24 h. However, when the aPDT was mediated by
curcumin at higher concentrations (100 mg/mL), the immediate microbial load reduction
of 1-log was observed after the intervention and maintained for up to 24 h, suggesting a
concentration-dependent mechanism, by which sustainability may be achieved through
biophotonic approaches. For Photogem, both concentrations tested (25 and 100 pg/mL)
immediately induced significant microbial reductions (1-log and 1.5-log, respectively).
Furthermore, the results at 24 h indicated microbial loads similar to baseline levels and
those on control groups.

In combination, aPDT mediated by curcumin (100 mg/mL) and blue light irradiation
may exert microbial load reductions that last for up to 24 h, which indicates that these
techniques could be used to significantly decrease the microbial load in the oral cavity
when lengthy procedures (orthognathic surgeries, facial reconstruction, and full mouth
rehabilitation) are to be performed. On the other hand, aPDT mediated by Photogem and
red light irradiation could be efficiently used to significantly decrease the oral cavity’s
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microbial load for short periods. Additional studies are made necessary to further explore
the long-term efficacy of Photogem against the oral cavity microbial load [46].

The current scientific evidence on biophotonic techniques suggests that aPDT can
be safely and effectively used as adjunct preprocedural disinfection protocols to decrease
the microbial load in the oral cavity and potentially reduce the spreading of highly in-
fectious viral diseases in dental settings [47]. Despite these indications, it is crucial to
understand previous reports” limitations when using published results (from in vitro, in
situ, and in vivo studies) to prove safety and clinical efficacy. The significant restriction
relies on reducing oral bacteria, and no reports are available to substantiate the efficacy of
biophotonics techniques against SARS-CoV-2. Even though it has been documented that
aPDT is effective against several oral and respiratory viruses, including herpes simplex
and oral human papilloma, the effect of aPDT against SARS-CoV-2 in saliva has not been
established to date.

Therefore, studies should be conducted using similar experimental designs to address
the viral load and viability of SARS-CoV-2 in saliva following aPDT protocols. Indocyanine
green (ICG) irradiated by a diode laser was found helpful in inactivating herpes simplex
types 1 and 2 isolated from the oral cavity in two studies [48,49]. In addition, several
studies have reported that ultraviolet irradiation can efficiently inactivate different types of
coronaviruses [50].

6. Perspective and Future Outlook

Based on the reported evidence, light-based approaches to disinfect the oral cavity
before regular dental exams or treatments are promising but not thoroughly investigated.
Studies on the efficacy of aPDT in reducing SARS-CoV-2 levels in the oral cavity and
suspended in saliva are lacking. Some points should be considered when designing
future clinical trials in this area. Optimum dosimetry (wavelength, power intensity, time,
continuous, pulsed, etc.), photosensitizer type and concentration, pre-irradiation time, and
the use of surfactants are some of the relevant parameters. For intra-oral applications, it is
crucial to determine the effect of influencing factors, such as the position of the light source
concerning the oral cavity, irradiation angle (to control non-linear scattering and reflection
phenomena), and distance light tip-target area, to name a few. Light-based disinfection
approaches that seek to reduce viral and bacterial load can help prevent transmission
during dental care, but must be placed in a broader oral health context, recognizing that a
single approach using light is insufficient to address the need to prevent the spreading of
SARS-CoV-2 in dental settings.
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