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ARTICLE INFO Background: Blue light therapy (BLT) is a Food and Drug Administration cleared modality used in
dermatology as an effective treatment of acne. The primary purpose of this study is to determine if there
are dose-dependent antimicrobial effects of BLT against Cutibacterium acnes (C. acnes).

Methods: A known strain of C. acnes was grown on chocolate agar in a controlled laboratory environ-

ment under anaerobic conditions for 1 week. After 1 week, 2-3 colonies of C. acnes were isolated and
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Shoulder transferred to broth medium to incubate for 2 or 7 days. Broth vials (treatment arm) then underwent 1 of
Infection . . R . . .
Culture 6 different blue light dosing treatment regimens and a duplicate broth vial served as a control left open

to the same environment. The BLT regimens were a single treatment of 25 J/cm?, 50 J/cm?, 75 J/cm?, 100 ]/
cm?, 2 serial treatments of 50 J/cm? separated by 24 hours, or 2 serial treatments of 75 J/cm? separated by
24 hours. The Omnilux Blue device (415 nm wavelength) was used for all BLT treatments and delivered,
on average, 1.68 + 0.004 J/min. Following treatment, the control and treatment broth samples were
plated on chocolate agar and allowed to grow for 7 days. After 7 days, plates were counted and colony
forming units (CFUs) were calculated. Six trials were completed for each BLT dosing regimen based on an
a priori power analysis of 6 individual 2-sided t-tests. Comparisons in the primary outcome were made
via mixed-effects analysis of variance with replicate as a random effect.
Results: All BLT treatment regimens resulted in significantly fewer CFUs than their aggregate control
plate CFUs (P < .05 for all). Furthermore, in 2-way comparison of CFUs between BLT treatment groups, a
single treatment of 75 J/cm? did lead to significantly less growth than 25 J/cm? (P =.017) and 50 J/cm?
(P =.017). There were no improved antimicrobial effects with serial treatments when comparing 2 doses
of 50 J/em? with a single dose of 100J/cm?, nor were 2 doses of 75 J/cm? more efficacious than 100 J/cm?.
Using the Omnilux Blue device, it took 44.8 minutes to deliver a 75 J/cm? dose.
Conclusion: BLT is an effective antimicrobial agent against this single virulent strain of C. acnes.
Treatment dosing of 75 J/cm? was identified to be the most effective dose per unit time. Serial treatments
did not lead to superior antimicrobial effects over a single, high-dose treatment.
© 2023 The Author(s). Published by Elsevier Inc. on behalf of American Shoulder and Elbow Surgeons.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Infection following shoulder surgery leads to significant patient
morbidity and strain on the healthcare system. Cutibacterium
acnes (C. acnes) has been identified as one of the most common
pathogens leading to deep infections after shoulder
surgery."182130.33.3536 The significant clinical challenges in diag-
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nosing and treating shoulder surgical infections caused by C. acnes
are well documented, particularly in the arthroplasty setting.5%!%27
Given the diagnostic, therapeutic, and cost burden of managing
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C. acnes shoulder infections, numerous investigations have sought
to identify modalities to eradicate or reduce the bioburden of
C. acnes prior to shoulder surgery with varying success.”!>2326:32-34

Treatments such as topical benzoyl peroxide gel, topical and
oral antibiotics, and presurgical skin preparation with hydrogen
peroxide are a few of the more commonly described modalities
to diminish bioburden to date, yet infections remain a chal-
lenge.>"17:23.26:33.3438 A [imitation of topical treatments is the
depth to which the antimicrobial agent penetrates human skin.
To be maximally efficacious, antimicrobial agents need to reach
the pilosebaceous glands rich in C. acnes at least 1 mm beneath
the epidermal surface. Blue light therapy (BLT) is a Food and
Drug Administration cleared modality used in dermatology as an
effective treatment against C. acnes, among other bacteria, for
patients with mild to moderate inflammatory acne.!'"'>%° The
mechanism of the bactericidal effect for BLT is the production of
reactive oxygen species when the light (405-470 nm) is absor-
bed by endogenous porphyrins. Porphyrins are naturally
expressed to a greater extent in bacteria compared to human
tissues, particularly in C. acnes.>>'* An advantage of light-based
antimicrobial treatments such as BLT is the ability to penetrate
1.2-1.5 mm beneath the skin surface to eliminate bacteria
residing in the sebaceous glands.> Blue light demonstrates
bactericidal effects at doses as low as 5 J/cm?; however, some
authors have reported higher doses (> 100 J/cm?) are necessary
to injure human tissues.>*>! A recent randomized controlled
trial in healthy, young male volunteers compared a single BLT
treatment followed by chlorhexidine wash to 1 shoulder against
5 serial treatments with 5% benzoyl peroxide gel followed by
chlorhexidine wash to the contralateral shoulder.” The authors
sought to determine if a single treatment of BLT would lead to
diminished C. acnes bioburden at the deltopectoral interval as
determined by swab cultures of the skin. Their results did not
show a robust antimicrobial effect of a single treatment of BLT. It
is possible that the dose of BLT administered in the study was
insufficient to have a significant effect.” While several prior
controlled laboratory studies have reported potent antimicrobial
effects of BLT against C. acnes, the lights used, dosing regimens,
and methodology have all varied.>*° Furthermore, to our
knowledge, there has been limited controlled laboratory in-
vestigations examining if serial treatments have more pro-
nounced antimicrobial effects, and if the antimicrobial effects of
BLT differ based on if C. acnes is in a rapid growth or stationary
phase.>2437

The purpose of this study is to (1) determine if there are dose-
dependent antimicrobial effects of BLT against C. acnes, (2) if se-
rial exposures to BLT are more efficacious than a single exposure to
BLT at eradicating C. acnes at the same radiant exposure, and (3)
determine if the antimicrobial properties of BLT are dependent on
the growth phase of the bacterium. The authors hypothesized that
BLT would have more significant bactericidal effects against C. acnes
with increasing radiant exposure. Furthermore, serial exposures to
BLT would have significantly greater antimicrobial properties than
a single dose at the same radiant exposure, and BLT would have
greater bactericidal effects against C. acnes in its exponential
growth phase.

Materials and methods
This was a controlled laboratory in vitro study at a single center

and was exempt from institutional review board approval. A known
strain of C. acnes (ATCC 6919) was used for this study. All study
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activities took place at an academic microbiology laboratory with
extensive experience working with this bacterium.

Description of materials
Blue light therapy device

The Omnilux Blue BLT device (GlobalMed Technologies, Napa,
CA, USA) was used for all blue light treatments in this study (Fig. 1).
This is one of several BLT devices that are Food and Drug
Administration—cleared and emits a 415-nanometer (nm) wave-
length of light using light-emitting diodes. This device has been
used in prior studies.’

Blue light dosing sensor

This novel sensor device provides a real-time reading of the in-
tensity or irradiance (watts/cm?) of a blue light source emitting a 415
nm wavelength of light (Fig. 2). The device also integrates this signal
over time and indicates when a desired “dose” (joules/cm?) of blue
light has been received. The photoresistor is covered with a blue gel
bandpass filter to reduce its response to any background light. The
sensor was calibrated by using a Thorlabs PM100D power meter
console (Thorslabs, Inc., Lafayette, CO, USA) with a S120C sensor
head and was used to measure the intensity of light from the blue
light source at a given distance away. The resistance of the photo-
resistor was then recorded at the same location. This power meter
has had its calibration certified by the National Institute of Standards
and Technology. Twenty data points were taken at distances cor-
responding to an intensity range of 2 to 40 mW/cm?. An intensity
versus resistance curve was then fit to these data and is used by the
microcontroller to calculate light intensity for a given resistance
value of the photoresistor. Once calibrated, the device gives an
intensity reading within 1%-3% of the Thorlabs power meter when
they are placed at the same distance from the light source.

Blue light therapy treatment groups

e BLT regimens for C. acnes (6 total treatment groups):
o Single treatment of 25 J/cm?
o Single treatment of 50 J/cm?
o Single treatment of 75 J/cm?
o Single treatment of 100 J/cm?
o Serial treatment of 50 J/cm?® x 2 treatments (total radiant
exposure [dose]: 100 J/cm?)
= Separated by 24 hours to simulate what could feasibly be
done in clinical practice.
o Serial treatment of 75 Jjcm? x 2 treatments (total radiant
exposure [dose]: 150 J/cm?)
= Separated by 24 hours to simulate what could feasibly be
done in clinical practice.

The above doses and time intervals were chosen based on the
work of Ashkenazi et al, who demonstrated serial treatments with
blue light at 75 J/cm? led to a 4-logjy decrease in growth (99%
decreased growth with a single treatment at 75 Jjcm? and 99.99%
for 2 treatments at 75 J/cm?).> The primary outcome was the esti-
mated number of colony forming units (CFUs) per milliliter (mL)
between treatment groups post-treatment. The primary compari-
son group to the BLT treatment plates of C. acnes was a control plate
with aliquots taken from the same initial sample as the BLT-treated
plate.
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Figure 1 Photograph demonstrating the set up and treatment of a petri dish with the
blue light device with the face 5 cm away from the dish surface.

There was a direct linear relationship between dose delivered
and time. Time to deliver 25 ], 50 ], 75 J, and 100 ] was recorded
for 2 trials each on different days (total: 8). The Omnilux Blue
BLT device delivered, on average, 1.672 + 0.004 J/min. To deliver
a dose of 25 Jjcm?, it took 891.5 seconds (14.85 minutes). For 50
Jjem?, it took 1790 seconds (29.83 minutes), for 75 J/cm?, 2685.5
seconds (44.75 minutes), and for 100 J/cm?, it took 3588 seconds
(59.8 minutes).

In vitro culture protocol

Single blue light therapy treatment

Before treatment, C. acnes (ATCC 6919) was inoculated on
chocolate agar and allowed to incubate anaerobically for 1 week to
maximize porphyrin expression and replicate, as closely as
possible, conditions of the bacterium as it colonizes human skin.>
This was done a total of 36 times for 6 “replicates” for each of the
6 BLT treatment groups outlined above. After 1 week, 5 mL of thi-
oglycolate broth (Difco Inc., Plymouth, MI, USA) was added to a 14
mL Falcon tube and inoculated with 2-3 C. acnes colonies. The
inoculated broth (termed Day O broth) was then incubated at 37 °C
under anaerobic conditions for either 48 hours (2 days) or 168
hours (7 days) before BLT treatment of the bacterium to investigate
if BLT effects differ based on where C. acnes is in its growth cycle. It
has been established that bacteria in exponential growth phases
are more susceptible to antibiotics but little work has been done to
see if similar effects result with light-based antimicrobial treat-
ments.”**” We conducted a growth phase analysis in broth and
identified Day 2 as the exponential phase of growth for this strain of
C. acnes and by Day 5 the bacteria had reached stationary phase
(Supplementary Appendix S1).

Following either 2 days (exponential) or 7 days (stationary) as
defined by the prelude cell density experiments (Supplementary
Appendix S1), 0.5 mL of the inoculated base broth was trans-
ferred to 2 separate 1.5 mL microcentrifuge tubes (1 control and 1
treatment tube) and centrifuged at 13,000xg for 10 minutes. The
supernatant was removed and the pellet resuspended in 5 mL of 1x
phosphate buffered saline. This solution was then transferred to a 5
mL petri dish such that there was a control plate and a “treatment”
plate for both the Day 2 and Day 7 time points for each replicate and
each of the 6 treatment regimens. The “treatment” petri dish was
then placed under the blue light on the bench top and its corre-
sponding control plate was left out in the same environment but
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Control Panel & Interface

Sensor

Figure 2 Photograph demonstrating the blue light dosing sensor.

not exposed to BLT. The treatment plate then underwent the
prescribed dosing until the blue light dosing sensor read the
desired joules for the given trial (25 ]J/cm?, 50 J/cm?, 75 J/cm?, and
100 J/cm?). Once the BLT was completed, the contents of the petri
dishes were transferred to sterile 14 mL falcon tubes in broth. The
broth was then transferred to the anaerobic chamber.

In the anaerobic chamber, a series of serial dilutions were per-
formed by adding 0.1 mL of broth to 0.9 mL of 1x phosphate buff-
ered saline. Dilutions were performed until there were 2 diluted
broths that produce approximately 30-300 colonies, as is standard
to ensure accuracy.’® After completing the serial dilutions, 0.1 mL of
each of these solutions was transferred in duplicate to 2 chocolate
agar plates and spread with L-shaped spreader to allow for growth
of isolated colonies. This procedure was completed for both treat-
ment and cont°rol samples. Then, the plates were parafilmed and
incubated at 37 °C under anaerobic conditions for 7 days. Following
7 days of incubation, the number of C. acnes colonies was counted.
A graphic depiction of the treatment protocol and timeline can be
found in Fig. 3.

Serial blue light therapy treatment culture protocol

For the 2 serial BLT treatment regimens spanning 24 hours
(50 J/em? and 75 J/cm? x 2), the same culture protocol was followed
precisely as the single treatment protocol with few differences. The
C. acnes (ATCC 6919) strain was inoculated on chocolate agar and
incubated under anaerobic conditions for 1 week. At 1 week, 2-3
colonies were transferred to 5 mL of thioglycolate broth to create a
Day 0 broth. This broth was incubated for 24 hours before the first
BLT treatment (Day 1) was completed as outlined by the single
treatment protocol with the following differences: after exposure,
the control and treatment broths were added to 14 mL falcon tubes,
centrifuged at 4000xg at 4 °C for 10 minutes, and the supernatant
removed. The tubes were moved back to the anaerobic chamber and
the pellet resuspended in 5 mL of thioglycolate broth before incu-
bating for 24 hours. After 24 hours, the second exposure was
completed (Day 2) as outlined in the single treatment protocol and
likewise plated. All of the above steps were completed a second time
at Days 6 and 7 using the original inoculated base broth.
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Figure 3 Treatment protocol (1) C. acnes (ATCC 6919) was inoculated on chocolate agar and allowed to incubate anaerobically for 1 week. (2) 5 mL of Thioglycolate broth was added
to a 14 mL falcon tube and inoculated with 2-3 C. acnes colonies. The inoculated base broth (termed Day 0 broth) was then incubated at 37 °C under anaerobic conditions for either
48 hours (2 days) or 168 hours (7 days) before further manipulation or BLT treatment (3) 0.5 mL of inoculated base broth was transferred to 2 separate 1.5 mL microcentrifuge tubes
(one control and one treatment tube) and centrifuged at 13,000xg for 10 minutes. (4) The supernatant was removed and the pellet resuspended in 5 mL of 1x phosphate buffered
saline (PBS). This solution was then transferred to a 5 mL petri dish. (5) The “treatment” petri dish was then placed under the blue light on the bench top and its corresponding
control plate was left out in the same environment but not exposed to BLT. The treatment plate underwent the prescribed dosing until the blue light dosing sensor read the desired
joules. (6) Once the BLT was completed, the contents of the petri dishes were transferred to sterile 14 mL falcon tubes in broth, which were transferred to the anaerobic chamber. (7)
Broth was and allowed to incubate anaerobically for 7 days, and then counted. BLT, blue light therapy.

Table I Table II
Blue light treatment effects compared to internal controls for each of the 6 treatment Two-way comparisons of geometric means for each of the 6 blue light treatment
doses as an estimated geometric mean colony forming unit aggregating 6 replicates groups.
per treatment.
Dose (J/cm?) Mean CFUs/mL (95% CI)* Between dose P value
Dose (J/cm?) Treatment Mean CFUs/mL (95% CI)* P value comparisons
25 Control 9.42 x 10° (1399653, 63790370) .067 25 8.49 x 10° (75474, 9546376) 25-50 1
Treatment 8.49 x 10° (131983, 5459029) 50 8.39 x 10° (74596, 9435423) 25-75 .017
50 Control 2.30 x 107 (8958714, 58839153) .002 75 1.23 x 10% (1091, 138027) 25-100 <.001
Treatment 8.39 x 10° (327363, 2150056) 100 7.94 x 10% (71, 8927) 25 to 50-50 .001
75 Control 2.91 x 107 (682492, 1244434394) .015 50-50 1.86 x 10° (165, 20888) 25 to 75-75 .001
Treatment 1.23 x 10* (287, 524057) 75-75 2.17 x 10% (174, 27009) 50-75 .017
100 Control 2.82 x 107 (6228530, 127714135) <.001 50-100 <.001
Treatment 7.94 x 10% (175, 3594) 50 to 50-50 .001
50-50 Control 4.09 x 10° (687346, 24308980) .001 50 to 75-75 .001
Treatment 1.86 x 10 (312, 11045) 75 to 100 2
75-75 Control 1.10 x 10° (389485, 3098225) <.001 75 to 50-50 .699
Treatment 2.17 x 10° (768, 6108) 75 to 75-75 775
les; i : CFU, colony forming units; CI, confidence interval; ANOVA 100 to 50-50 !
J,Joules; cm, centimeters; , colony forming units; CI, confidence interval; , 100 to 75-75 1

analysis of variance.
“Estimated geometric mean from mixed effects ANOVA, on logarithmic
transformed data. CFU, colony forming units; CI, confidence interval; ANOVA, analysis of variance.
Day 2 and day 7 growth phase cycle data were all aggregated for a comprehensive
picture of treatment effects.
P values are Holm adjusted for 15 tests.
“Estimated geometric mean from mixed effects ANOVA, on logarithmic
transformed data.

50-50 to 75-75 1

Statistical analysis

An a priori power analysis was conducted using the parame-
ters of 6 individual 2-sided t-tests with adjusted alpha level of based on growth phase of bacterium, a mixed-effects analysis of
0.0083. To achieve 80% power to detect mean differences of 2 variance with growth phase, treatment status, and their inter-
standard deviation between treatment and control, this study action term were used as fixed effects and replicate as a random
required 6 unique C. acnes bacterial samples per treatment effect. A model was fit separately for each dosing mechanism.
regimen and 6 corresponding control samples. Secondary com- Log ratios were calculated for both growth phases to estimate
parisons of the primary outcome were made between treatment the effect of treatment on outcomes of BLT using control as a
groups and between treatment and control plates at varying time baseline. Since all treated samples showed a reduction in BLT

points described below. Prior to analysis, skewedness of the compared to control the log ratio denotes a percentage of the
outcome was assessed and transformations of the data to achieve control BLT. For example, a log ratio of 0.24 reports the quantity
normality were explored. Comparisons in the primary outcome of growth of the BLT-treated group was 24% of the corresponding

between treatments and between time points were made via control group. The mixed model with interaction term estimated
mixed-effects analysis of variance with replicate as a random a P value for the comparison of the log ratios between the 2

effect. Log-based estimates of coefficients and confidence in- growth phases. This was used to assess for differences in treat-
tervals were exponentiated and reported for ease of interpreta- ment affect based on growth phase. Holm adjustment for mul-
tion. For comparison between treatment and control groups tiple hypothesis testing was used to mitigate risk of Type I error
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Table III
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Comparison of blue light therapy treatment effects between dosing regimens based on whether the bacterium was in the exponential growth phase (day 2) or stationary

growth phase (day 7).

Dose (J/cm?) Growth phase Treatment Mean CFUs/mL (95% CI)* Log ratio (95% CI) P value
25 Exponential Control 1.32 x 107 (2207217, 80093594) .002
Exponential Treated 5.85 x 10° (970322, 35210191) 0.439613 (0.085640, 2.256640)
Stationary Control 1.47 x 107 (2155393, 100454744)
Stationary Treated 1.23 x 10° (20370, 745905) 0.008377 (0.001444, 0.048608)
50 Exponential Control 2.38 x 107 (8777822, 64792559)
Exponential Treated 1.54 x 10° (566562, 4182020) 0.064545 (0.022929, 0.181696) 126
Stationary Control 2.21 x 107 (8115076, 60203216)
Stationary Treated 4.57 x 10° (167880, 1245447) 0.020687 (0.007349, 0.058236)
75 Exponential Control 1.37 x 107 (2504687, 75057278)
Exponential Treated 2.64 x 10° (48260, 1446194) 0.019268 (0.003765, 0.098601) <.001
Stationary Control 6.19 x 107 (11267183, 340547400)
Stationary Treated 5.70 x 102 (104, 3134) 0.000009 (0.000002, 0.000047)
100 Exponential Control 5.83 x 107 (15096228, 225285073) <.001
Exponential Treated 7.51 x 10% (1945, 29025) 0.000129 (4e-05, 0.000412)
Stationary Control 1.36 x 107 (3518944, 52873232)
Stationary Treated 8.4 x 10' (22, 325) 0.000006 (2e-06, 0.000020)
50-50 Exponential Control 1.39 x 10° (359583, 5369182) <.001
Exponential Treated 3.77 x 10° (976, 14572) 0.002714 (0.000935, 0.007877)
Stationary Control 1.20 x 107 (3101373, 46625430)
Stationary Treated 9.15 x 10% (236, 3547) 0.000076 (0.000026, 0.000221)
75-75 Exponential Control 4.61 x 10° (145017, 1468407) .985
Exponential Treated 9.01 x 10% (283, 2867) 0.001952 (0.000462, 0.008243)
Stationary Control 2.61 x 10° (818202, 8357598)
Stationary Treated 5.21 x 10% (1629, 16641) 0.001991 (0.000472, 0.008407)

CFU, colony forming units; CI, confidence interval; ANOVA, analysis of variance.

Comparisons between control and treatment groups were performed for both the exponential growth and the stationary growth phases and the log ratios of those differences

in growth compared.
P value is comparison of log ratios from exponential versus steady growth states.

“Estimated geometric mean from mixed-effects ANOVA, on logarithmic transformed data.
fEstimated log ratio of treated/control from mixed-effects ANOVA, on logarithmic transformed data.

inflation. A P < .05 was considered statistically significant. All
statistical analyses were performed using R for statistical
computing version 4.1.

Results
Overall treatment versus control effects

All BLT treatment regimens except for the 25 J/cm? dose resulted
in significantly fewer CFUs/mL than their aggregate control
broth CFUs when day 2 and day 7 data were aggregated for each
treatment dose [P < .05 for all (Table 1)].

Between treatment group comparisons and serial treatment effects

In a 2-way comparison of CFUs/mL between BLT treatment
groups again aggregating all data (day 2 and day 7 broth) for each
treatment group, there were no increased antimicrobial effects
delivering a single 50 J/cm? treatment compared to 25 J/cm?. A
single treatment of 75 J/cm? did lead to significantly less growth
than 25 J/cm? and 50 J/cm? (P = .017 for each comparison, respec-
tively). There were no improved antimicrobial effects with serial
treatments when comparing 2 doses of 50 J/cm? with a single dose
of 100 J/cm? nor were 2 doses of 75 J/cm? more efficacious than 100
JJem? (Table 2).

Growth phase antimicrobial effects

When comparing the antimicrobial effects of BLT based on
growth phase (exponential vs. steady state), significantly less
growth was seen for all treatment dosing regimens no matter if the
bacteria were in the exponential or steady state growth phase.
Comparison of log ratio differences between treatment and control
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based on whether the bacteria in the exponential growth phase
(day 2) and those in the steady state phase (day 7) demonstrated
significantly greater BLT antimicrobial effects in the bacteria treated
in the steady state phase for doses: 25 Jjcm? (P =.002), 75 J/cm?
(P <.001),100 J/em? (P < .001), and 50-50 J/cm? (P < .001) (Table 3).

Discussion

This study demonstrates that a single treatment of BLT at a
dose of at least 50 ]/cm? results in significantly decreased C. acnes
CFUs in vitro, with 75 J/cm? having the most robust antimicrobial
effects in the shortest amount of treatment time. Serial treat-
ments did not lead to greater antimicrobial effects. The bacteri-
cidal effects of BLT were found to be more pronounced if C. acnes
was in stationary phase of the growth cycle for nearly all treat-
ment doses.

Investigators continue to study treatments to diminish C. acnes
bioburden prior to shoulder surgery, particularly open shoulder
surgery, with hopes reduction in C. acnes will translate into lower
postoperative infection rates with varying success.”'>?326:32-34 [t js
possible that C. acnes persists after treatment with topical antimi-
crobial agents because they do not penetrate beyond the epidermal
surface. It may be time to rethink our strategies turning focus from
topical applications or systemic medications to technology that can
have both targeted effects at a specific area and penetrate beyond
the epidermal surface. As such, a recent study has looked to
translate dermatologic applications for use in orthopedics surgery.®
Within dermatology, studies have proven that BLT can decrease
macroscopic acne burden.'"'> However, few have specifically
evaluated BLT in a controlled laboratory setting to examine its
antimicrobial properties against C. acnes.> The present study adds
granular data detailing specific doses of BLT necessary to diminish
CFUs by 1000x.
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While some authors have investigated BLT’s antimicrobial
properties against many different microbes, Ashkenazi et al in
2003 conducted a study evaluating antimicrobial effects of blue
light (407-420 nm) against C. acnes.’ In their investigation, a
single strain of C. acnes (ATCC 6919) was grown in clostridial
broth under anaerobic conditions. The authors had 2 groups, one
C. acnes group grown in broth reinforced by a photosensitizing
agent 5-Aminolevulinic acid (ALA) and one without ALA. C. acnes
was allowed to grow for 96 hours with CFU per ml"! counted
every 24 hours. After each 24-hour interval of anaerobic growth
in liquid medium, the vials were illuminated by 75 J/cm? of BLT
(ie, serial treatments). The authors noted this dose decreased
bacterial counts by 1-2 orders of magnitude at 24 hours and by 4
orders of magnitude after a second BLT treatment at 48 hours.
After 3 consecutive treatments, there was a decrease in viability
by 5 orders of magnitude. Furthermore, cultures grown for 48
hours with ALA and then treated with a single 75 J/cm? exhibited
a decrease in bacterial CFU by a factor of 7. Their results
demonstrate strong antimicrobial properties of BLT at a dose of
75 J/cm? that were enhanced further by augmenting their me-
dium with ALA, a precursor for porphyrin synthesis.> The results
of the present study are concordant with those of Ashkenazi et al
in demonstrating the strong antimicrobial properties of BLT
in vitro at a dose of 75 Jjcm?.> However, the present study did
not find serial treatments to have additive antimicrobial effects
as Ashkenazi et al reported.’

Exogenous application of photosensitizers can lead to increased
apoptosis of both bacteria and human cells when illuminated by
visible light.> These agents are taken up by cells and lead to a
buildup of an endogenous photosensitizer, protoporphyrin IX
(PpIX). Increased PpIX expression causes greater production of
reactive oxygen species in these cells.?>*° This results in cell
apoptosis and necrosis.>® While rapidly dividing cells more strongly
take up ALA, healthy human tissues are also affected. The side ef-
fects of ALA use include erythema, pain, edema, stinging, burning,
scaling/crusting, dyspigmentation, pruritis, erosion, urticaria, ul-
ceration, bleeding, scaling, dysesthesias, and pustules.?” In contrast,
BLT alone, at doses of less than 100 J/cm2 leads to no detrimental
effects of human tissues both on gross inspection and at a histologic
level allowing this treatment to be employed in a perioperative
setting.?’” Given that C. acnes naturally expresses porphyrins,
particularly when grown in culture for at least 3 days, we did not
find it necessary to use photosensitizers in this work.>

Although the growth phase of commensal organisms on human
skin has not been well defined, it can be postulated that bacteria on
skin may be in various stages of their growth cycle. Our results lend
support that BLT is an efficacious antimicrobial treatment no matter
the growth phase of C. acnes. However, the antimicrobial effects of
blue light on C. acnes are orders of magnitude greater in the sta-
tionary phase of growth. These findings are in contrast to a large
body of literature reporting faster-growing bacteria are more sus-
ceptible to antibacterial effects of antibiotics such as B-lactams.’*>’
It is possible that this finding is due to BLT having a completely
different mechanism of bactericidal effect. Furthermore, it may also
be that a greater proportion of bacteria in the stationary phase of
growth in the present study were naturally closer to microbe death
than bacteria in the exponential phase. More work is needed to
better delineate if the growth phase of C. acnes is germane to the
clinical application of BLT.

The findings of this study are a positive step forward, but sig-
nificant work remains to translate this technology to the clinical
setting. To us, the clinical application of BLT may be best served in
the preoperative holding area or in clinic a day or two prior to
surgery. As the results of the present study indicate, a single
treatment of BLT at 75 J/cm? can significantly reduce C. acnes
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bioburden. As others have described, numerous subtypes of C. acnes
exist. It is not known at this time if different subtypes express
porphyrins to varying degrees and by extension would be more or
less sensitive to BLT.!*?° Additional investigation is needed to un-
derstand how the complex microenvironment including various
chromophores of human skin may scatter BLT, which may alter
duration of treatment needed for the pilosebaceous glands to
receive a target dose.” Further work should consider more detailed
evaluation of the growth and examine if time-dependent BLT
antimicrobial effects exist.

Limitations

There are several limitations of this study. This was an in vitro
laboratory study in a controlled environment, and it is unknown if
C. acnes would respond differently to BLT treatment in the com-
plex microenvironment of human skin. Furthermore, the present
investigation used a single subtype of C. acnes; it is unknown if
other subtypes would respond differently to the same BLT treat-
ments. A bacterial bioburden threshold below which the likeli-
hood of clinically manifesting a prosthetic joint infection is
diminished remains unknown. While the intent of this investiga-
tion and others was to demonstrate decreased bacterial load as a
surrogate for decreasing infection risk, more work needs to be
done to draw firm correlations between bioburden and clinically
symptomatic infection with C. acnes.

Conclusion

BLT is an effective antimicrobial agent against a single virulent
strain of C. acnes. Treatment dosing of 75 J/cm? was identified to be
the most effective dose per unit time. Serial treatments did not lead
to superior antimicrobial effects over a single, high-dose treatment.
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