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Dual-Light Photodynamic Therapy Effectively Eliminates Streptococcus
Oralis Biofilms
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ABSTRACT -- Purpose: During cancer treatment, oral mucositis due to radiotherapy or chemotherapy often
leads to disruption of the oral mucosa, enabling microbes to invade bloodstream. Viridans streptococcal species
are part of the healthy oral microbiota but can be frequently isolated from the blood of neutropenic patients. We
have previously shown the antibacterial efficacy of dual-light, the combination of antibacterial blue light (aBL)
and indocyanine green photodynamic therapy (aPDT). Methods: Here, we investigated the dual-light antibacterial
action against four-day Streptococcus oralis biofilm. In addition, while keeping the total radiant exposure constant
at 100J/cm?, we investigated the effect of changing the different relative light energies of aBL and aPDT to the
antibacterial potential. Results: The dual-light had a significant antibacterial effect in all the tested combinations.
Conclusion: Dual-light can be used as an effective disinfectant against S. oralis biofilm.

INTRODUCTION Dual-light antibacterial photodynamic therapy
works on the basis of combination treatment, which
Streptococcus oralis is a commensal species of has shown an efficient ability to eliminate S. mutans
viridans group streptococci (VGS) and part of the (4). The wavelengths used in the dual-light are 405
oral microbiota (1). S. oralis is an opportunistic nm aBL and 810 nm near-infrared (NIR) light. The
pathogen, causing disease when the host defense NIR light is used in combination with indocyanine
mechanisms are conceded, and the infection routes green to produce the antibacterial action. Still, the
become readily available. Typically, a disruption of same NIR is also absorbed by mitochondrial enzyme
oral mucosa during chemotherapy or radiotherapy cytochrome-c-oxidase in eucaryotic cells. This
leads to an enhanced risk of bacteremia. Thus, absorption triggers a series of downstream effects,
mucosal disruption, or oral mucositis, is not only a including improved ATP production. This action,
debilitating complication of cancer treatment but can called photobiomodulation exerts great potential in
severely hinder a patient's health and treatment treating oral mucositis and has been widely
outcome. Several reports indicate the increasing recognized in clinical practice (5).
importance of VGS as the cause of bacteremia in The dual-light can be used in the prevention
immunocompromised  patients  (2). Increasing and treatment of oral mucositis. The NIR light used
attention to different infection manifestations and in dual-light has shown an excellent clinical response
antimicrobial resistance profiles within different to oral mucositis (6). We have previously shown the
involved VGS species, such as S. oralis and S. antibacterial effect of dual-light treatment against
mutans, urges the need for examining the subspecies another VGS species, namely S. mutans, using
separately (3). Dual-light antibacterial therapy (aBL different light energy combinations (4). Biological
405 nm and aPDT 810nm) of tissues that are differences between the species of the VGS group
reachable by the light, e.g., those in the mouth, is an prevent direct translation of the results between
emerging new treatment method, and its potential is them, however. S. oralis can withstand high
now under research. concentrations of hydrogen peroxide, which is not
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only a key antibacterial mechanism of aPDT action,
but also the supposed mechanism of vulnerablility of
streptococci to aPDT (3,7). Consequently, in this
study, we tested the efficacy of dual-light against S.
oralis. In addition to the photobiomodulation effect,
the antibacterial action of the dual-light might have
an additional beneficial impact on the treatment
outcomes of oral mucositis.

MATERIALS AND METHODS

Figure 1 describes a brief version of the study
protocol. The incubation of S. oralis strain (ATCC
35037) was performed using a (NuAire DH autoflow
5500, NuAire Inc, US) equipment. The subsequent
bacterial suspension was obtained by diluting it to a
2.9 McFarland concentration (Den 1 McFarland
Densitometer, Biosan, Riga Latvia) using 0.9%
saline solution. Three biofilm cultures were prepared
for the control group and six biofilms for the
experiment groups. Each biofilm was cultured for
four days. A dual-light total radiant exposure of 100
J was applied for each biofilm with a specially
prepared LED light applicator (Koite Health Oy,
Espoo, Finland). Figure 1 describes the overview of
dual-light antibacterial treatment mechanism of
action. After the treatment, the biofilms underwent
plating and further incubation for colony-forming
unit (CFU) counting. The exact rates of irradiances
between indocyanine green antibacterial
photodynamic therapy (aPDT) 135 mW/cm? and
antibacterial blue light (aBL) 42 mW/cm? are
presented in Table 1. A detailed version of the study
protocol can be found online (8), and the protocol, in
brief, is shown in Figure 1.

¥

+ 100 pg of bacterial suspension was pipetted to each well used in a well plate. Six|
repeats were used for each experiment.

S. oralis bacteria were grown in BHI broth for 2 days. ‘

the bacterial suspension was diluted with 0.9% NaCl to an optical density of 0.46 to
standardize the bacterial concentration in the suspension. ‘

< <

+ The bacteria were maturated for 4 days to form a solid biofilm. ‘

» Standardized application of ICG photosensitizer was performed in each well, and |
light application according to protocol was performed.

+ After the light exposure, the entire biofim from each well was collected, centrifuged, |
and re-diluted for bacterial counting.

+ Several serial dilution series were performed from each treated biofilm (from1:1 to A
1:100 000). Each dilution series were evenly spread to agar plates

+ Agar plates were left fo incubate for 48h for growth of the surviving bacteria. ‘

+ The colony forming units were counted. Typically, the plates showing bacterial count )
between 30 to 800 is the most reliable dilution, from where the viable bacterial
number can be assessed using the inversed dilution ratio to multiply the actual
number of bacteria in the treated suspension.

Figure 1. Brief description of the study protocol.

RESULTS

After exposing the biofilms to the 100J/cm? dual-
light photodynamic therapy, there were no detectable
surviving S. oralis colonies. Three-to-one ratio of
aPDT vs. aBL (aPDT 135 mW/cm? + aBL 42
mW/cm?) successfully eradicated all S. oralis
colonies, with a median CFU of 0 (range 0-0).
Identical results were obtained after both one-to-one
and one-to-three ratios of dual-light treatment, aPDT
79 mW/cm? + aBL 73 mW/cm? and aPDT 38
mW/cm? + aBL 130 mW/cm2, respectively. The
median number of CFUs in the control biofilms was
2.0x108 with a range of 1.9x108-4.2x108. The results
are presented in Table 1. Figure 2 shows the
mechanisms of action regarding the dual-light
treatment.
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Figure 2. Dual-light antibacterial photodynamic therapy
has both intrinsic and extrinsic action on S. oralis. The 405
nm light is absorbed by chromophores inside the bacteria,
mostly by porphyrins and flavins. The absorbed energy
can be transferred to nearby oxygen, producing reactive
oxygen species (ROS). Indocyanine green (ICG) is used
as an external photosensitizer in the method, causes
external antibacterial action.

DISCUSSION

This study reveals the straight-forwarded
effectiveness of dual-light against S. oralis, a
commensal oral bacterium. In fact, we found no S.
oralis colonies in the dual-light treated biofilms,
which showed a disinfection level antibacterial effect
compared to the control biofilms. The dosing of 100
Jicm? was effective at all combinations of aBL and
aPDT. The biofilm had grown four days before the
treatment, ensuring an appropriate and relevant
maturation level. CFU method was used for counting
the surviving bacteria for reliable and repeatable
data.

We have previously tested different light
energy combinations of dual-light against biofilms.
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Longer maturated biofilms are more susceptible to
dual-light when the relative portion of aBL increases
(4). The ability of aBL to infiltrate tissues is limited,
while the NIR light can readily penetrate deeper into
the mucosal tissue. Reducing the total light energy of
NIR light decreases the possibility of overdosing,

which can eventually impede the
photobiomodulation  effect (9). Thus, the
antibacterial action against S. oralis in different dual-
light combinations enables low NIR dosing to
mucosal tissue while keeping the antibacterial impact
effectual.

Table 1. The results of three dose ratios of dual-light antibacterial therapy against Streptococcus oralis at a total energy density

of 100J/cm?, measured as colony forming unit counts.

3:1 1:1 1:3 Control biofilm
(@PDT 135 mW/cm? +aBL  (aPDT 79 mW/cm? + (@aPDT 38 mW/cm? + aBL
42 mW/cm?) aBL 73 mW/cm?) 130 mW/cm?)
Streptococcus oralis, four- 0 [0-0] 0 [0-0] 0 [0-0] 2.0x108 [1.9x108-
day biofilm* 4.2x10%]
Four-day biofilm nr. 1 0 0 0 2.0x108
Four-day biofilm nr. 2 0 0 0 1.9x108
Four-day biofilm nr. 3 0 0 0 4.2x108
Four-day biofilm nr. 4 0 0 0 N/A
Four-day biofilm nr. 5 0 0 0 N/A
Four-day biofilm nr. 6 0 0 0 N/A

The results are presented as absolute colony forming unit counts. aPDT: antibacterial photodynamic therapy; aBL:
antibacterial blue light; 3:1: Three-to-one ratio of aPDT compared to aBL; 1:1: One-to-one ratio of aPDT compared to aBL;
1:3: One-to-three ratio of aPDT compared to aBL; *: The results are presented as the median and range (in brackets) of colony

forming unit counts of the study; N/A: Not available.

S. oralis has low pathogenicity, and it has been
widely accepted to be a part of a healthy microbial
community. However, high-dose chemotherapy and
radiotherapy often lead to suppressed immune
defense and oral mucositis, which change the
pathogenic potential of bacteria. Untreated oral
mucositis predisposes to bacteremia and severe
systemic infectious complications. The treatment of
oral mucositis with light-based methods has been
shown very effective when used as biomodulation
(5). When the oral immune fitness is weakened,
antibacterial action can be used as another benefit of
the light-based treatment. Thus, dual-light can
provide a means to disinfect the mucositis lesions
during the treatment, exemplified here by its
excellent efficacy against S. oralis, and thus decrease
the risk of bacteremia and microbial burden in
patients with mucositis. The incidence of oral
mucositis is very high in patients treated for
hematologic, or head and neck cancer. These patient
groups would be in the frontline to benefit from the
antibacterial action of the dual-light. But, of course,
the antibacterial ability of dual-light can be beneficial
in the treatment of any local bacterial infections. Our
current published results show the effectiveness of
the method against S. mutans and S. oralis from the
VGS group. These bacteria are mostly located in
mouth, being part of the normal flora. Especially S.
oralis can cause significant distant infectious

complications such as endocarditis, but also maternal
sepsis and neonatal sepsis, and meningitis.

CONCLUSION

Dual-light can be used as an effective disinfectant
against S. oralis biofilm.
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