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Purpose: Benzoyl peroxide (BPO) is an effective acne treatment and has been used as a cleanser and short contact therapy. However,
data on the minimum contact time of BPO needed to kill Cutibacterium acnes are lacking. Thus, the aim of this study was to determine
the minimum contact time of commonly used BPO concentrations for bactericidal effects on C. acnes.

Materials and Methods: An in vitro experimental study of clinically isolated C. acnes was performed to determine the minimal
inhibitory concentration (MIC) of BPO using the broth microdilution method. Subsequently, the minimum contact times of various
concentrations of BPO were evaluated, and their bactericidal effects were assessed by the plate count method.

Results: The median MIC of BPO was 9375 pg/mL, which did not significantly differ between antibiotic-resistant and nonresistant C.
acnes. The minimum contact time of BPO with C. acnes was significantly different among the BPO concentrations. For bactericidal
activity against all isolates, 1.25%, 2.5%, 5%, and 10% BPO required 60 min, 15 min, 30 sec, and 30 sec, respectively.
Conclusion: BPO demonstrated bactericidal activity against both antibiotic-resistant and antibiotic-susceptible C. acnes. The in vitro
contact time needed to kill C. acnes was almost immediate with 5% or more BPO, but < 2.5% BPO required longer contact times for
bactericidal effects.
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Plain Language Summary

® BPO is an effective acne treatment that can be used in leave-on, rinse-off, or cleanser formulas. However, data on the contact
time of various concentrations of BPO for bactericidal effects on C. acnes are lacking.

e The MIC of BPO did not significantly differ between clinically isolated antibiotic-resistant and antibiotic-susceptible C. acnes.

® The median contact time of the bactericidal effect on all C. acnes isolates was at least 60 min, 15 min, 30 sec and 30 sec for
concentrations of 1.25%, 2.5%, 5% and 10% BPO, respectively.

® [ower BPO concentrations (< 2.5%) required more contact time than higher concentrations to produce a bactericidal effect on C.
acnes.

® BPO concentrations of 5% or higher have rapid bactericidal activity against C. acnes, making it more appropriate for use as a

rinse-off formulation.

Introduction

Benzoyl peroxide (BPO) is effective against a wide range of microorganisms and is well known for its ability to reduce
the numbers of Cutibacterium acnes, which is important in the pathogenesis of acne.' Unlike antibiotics, BPO is a
powerful oxidizing agent that disrupts vital bacterial cell components.* Therefore, it can be used effectively in treating
antibiotic-resistant C. acnes™ and can help prevent the emergence of antibiotic-resistant C. acnes when used in
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combination with topical antibiotics. BPO has an increasingly important role in treating acne when the isolates have high
bacterial resistance and has been recommended by many clinical guidelines.>*¢™®

Despite its extensive use and good efficacy against acne, some patients cannot tolerate BPO’s side effects. BPO can
cause skin irritation when applied as a leave-on formulation, especially at the beginning of treatment.* Hence, some
physicians advise short contact times for leave-on formulations (such as applying 2.5% BPO for 5-15 min and then
rinsing it off) to decrease irritation and increase patient compliance. Many physicians also advise the use of cleansers
containing BPOs during treatment as maintenance therapy for acne.'®'" Unfortunately, data are limited regarding the
proper contact time of commonly used concentrations. Previous studies by Okamoto et al'> demonstrated that 1 hour of
contact time decreased the numbers of C. acnes over 3 log and 5 log after exposure to 1 and 2 times the MIC (256 pg/mL
(0.025%) and 512 pg/mL (0.05%)), respectively. However, this 1-hour contact time was much longer than that of the
short contact and rinse-off formulation used in clinical practice. Moreover, the concentration in the study was far below
the concentration used in clinical practice. Thus, whether higher concentrations have shorter required contact times and
the minimum contact times of commonly used BPO concentrations for killing C. acnes remain unknown. The aim of the
study was to determine the minimum contact time of BPO for treating C. acnes at varying concentrations to produce a
bactericidal effect against C. acnes in vitro. This information can provide further guidelines for minimal BPO application
times to achieve a bactericidal effect against C. acnes.

Materials and Methods

Preparation of Bacteria

Clinical isolates of C. acnes were obtained from 95 patients at the Srinakharinwirot skin center by a previous study by
Laochunsuwan et al'® that was approved by the clinical research ethical committee of Srinakharinwirot University. All
participants voluntarily signed an informed consent form. The mean age of the patients was 21.74 years, ranging from
18—44 years, and patients had experienced acne for an average of 5.83 years. Of these patients, 62.1% had previously
been treated with topical or systemic antibiotics and 37.9% had never received antibiotics. Samples were collected from
facial closed comedones using the comedone extraction technique and then immediately smeared onto brain-heart
infusion agar plates supplemented with horse serum. The inoculated plates were incubated at 37 °C in anaerobic jars
under anaerobic conditions (0% oxygen, 5% carbon dioxide, 5% hydrogen, 90% nitrogen). C. acnes were identified by
colony morphology and Gram staining. Cultured organisms were identified to the species level using an API 20A kit, a
manual identification system for anaerobic bacteria (bioMeriux®, France). Antibiotic susceptibility was tested by using
an epsilometer test (E test) for five commonly used antibiotics (doxycycline, tetracycline, amoxicillin, clindamycin and
erythromycin). To preserve the organisms that were tested, C. acnes were kept under liquid nitrogen (=180 °C). In this
study, we used 70 viable isolates, including 41 isolates defined as antibiotic resistant (resistant to > 1 antibiotic) and 29
isolates defined as antibiotic susceptible. Before the experiment, C. acnes was subcultured into brain-heart infusion (BHI)
medium supplemented with 10% horse serum (Invitrogen™, Thermo Fisher Scientific Inc., MA, USA) and incubated at
37 °C for 72 h under anaerobic conditions. Subsequently, the culture was adjusted to 1.5x10* CFU/mL (0.5 McFarland

standard) for experimental use.

Preparation of BPO

BPO (Merck, Darmstadt, Germany) was dissolved in dimethyl sulfoxide (DMSO) (Amresco, Ohio, USA). We deter-
mined a suitable DMSO concentration that did not interfere with bactericidal activity against C. acnes and could dissolve
up to 100,000 pg/mL BPO. The most suitable DMSO used in our study was 25% DMSO in the culture medium.
Different amounts of BPO were dissolved in DMSO and then mixed into the bacterial suspension to obtain final
concentrations of 12,500, 25,000, 50,000 and 100,000 pg/mL (1.25%, 2.5%, 5%, and 10% BPO (W/V)). Since the
bactericidal activity of BPO is due to its role as a powerful oxidizing agent, sodium hydroxide (NaOH (Merck,
Darmstadt, Germany)) was added to stop the bactericidal activity of BPO at the study time limits of 30 sec and 1, 5,
10, 15, 30 and 60 min.
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In vitro Antimicrobial Study

Determination of the Minimal Inhibitory Concentration (MIC)

The MIC is defined as the lowest concentration of a drug that inhibits bacterial growth; MICs in the current study were
determined using the broth microdilution method as described in the Clinical and Laboratory Standard Institute (CLSI)
Methodology for anaerobic bacteria.'* BPO was dissolved in 25% DMSO and subsequently added to the bacterial
suspension to obtain a final concentration of 25,000 pg/mL (2.5%) BPO and 1x10° CFU/mL C. acnes. A twofold serial
dilution in a 96-well microplate was performed. The plates were incubated for 72 h at 37 °C in an anaerobic jar. Then,
resazurin was added as an indicator to help read the MIC results. The lowest concentration of BPO that inhibited the
visible growth of bacteria was recorded as the MIC.

Contact Time and Bactericidal Effect of BPO

Thirty representative isolates were selected, including 17 antibiotic-resistant isolates and 13 nonresistant isolates, to
evaluate the bactericidal effect of BPO. The bactericidal effect is defined as antibacterial agents either completely
preventing bacterial growth or resulting in a 99.9% decrease in the initial inoculum on a subculture. Each isolated C.
acnes (1x10° CFU/mL) sample was added to BPO in DMSO to yield final concentrations of 12,500, 25,000, 50,000 and
100,000 pg/mL (1.25%, 2.5%, 5%, and 10%) BPO and was incubated under anaerobic conditions for various times (30 s,
1 min, 5 min, 10 min, 15 min, and 60 min). Then, 10 uL of NaOH was added to stop the bactericidal reaction of BPO.
Bacterial growth was examined by the drop plating method,'” and the bacteria were incubated under anaerobic conditions
for 72 h to determine the bactericidal activity (Figure 1).

Figure | The bacterial growth plate shows the bactericidal effect of 1.25%, 5% and 10% BPO on C. acnes after | min. No bacterial colonies remained after a |-min
incubation with 1.25%, 5% and 10% BPO compared with those in the control area (blue arrow).
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Table | Minimal Inhibitory Concentration of BPO Between Antibiotic-Resistant and Antibiotic-Susceptible C. acnes

C. acnes Groups (Number of Isolates) P value*
Total (N=70) Antibiotic Resistant (N=41) Antibiotic Susceptible (N=29)
MIC (ug/mi) t 9375 (6250-12,500) 6250 (6250-12,500) 12,500 (6250-12,500) 0.084
Minimum - maximum 780-25,000 780-25,000 1560-25,000

Notes: 'Data are presented as the median (interquartile range). *P value obtained when comparing the antibiotic-resistant and antibiotic-susceptible groups using the
Wilcoxon rank-sum test; <0.05 was considered statistically significant.
Abbreviation: MIC, minimal inhibitory concentration.

Statistical Analysis
The MICs of antibiotic-resistant and antibiotic-susceptible C. acnes are presented as the means £ SD or medians
(interquartile range). The Wilcoxon rank-sum test was used to identify the difference in MIC between the C. acnes-
resistant and nonresistant groups. The Kaplan—-Meier method was used to estimate the median time and rate of the
bactericidal effect against C. acnes in the 1.25%, 2.5%, 5% and 10% BPO groups. Cox’s proportional hazard model was
used to estimate the HR of bactericidal effects.

Statistical analyses were performed with STATA version 14 (StataCorp, Texas, USA). P values less than 0.05 were
considered statistically significant.

Results

MICs of BPO for Antibiotic-Resistant and Antibiotic-Susceptible C. acnes

The final MICs of BPO in all 70 isolates ranged from 780-25,000 pg/mL. The median was 9375 pg/mL (IQR: 6250-
12,500). There was no significant difference in the MICs between the antibiotic-resistant and antibiotic-susceptible
groups (P = 0.084) (Table 1).

Minimum Contact Times of BPO for a Bactericidal Effect on C. acnes Isolates

The results of the BPO contact time profiles on C. acnes (while testing the bactericidal effect as assessed by the survival
probability and the percentage of bacterial isolates at each concentration and contact times) are shown in Table 2. The
median contact time to the bactericidal effect of all C. acnes isolates at 1.25%, 2.5%, 5% and 10% BPO was at least 60
min, 15 min, 30 sec and 30 sec, respectively. For the 1-minute contact time for the rinse-off formulation, the bactericidal
effects of 1.25%, 2.5%, 5% and 10% BPO achieved reductions of 70%, 93.4%, 100% and 100% of the isolates,
respectively. There was no difference between 5% and 10% BPO because a rapid bactericidal effect was achieved
after 30 sec of contact.

According to comparisons of the effect of BPO concentrations by analyzing the survival data using the Log rank test,
the BPO concentration significantly affected the minimum contact time with C. acnes isolates (P < 0.001); lower BPO
concentrations required greater contact time than higher concentrations. A multivariate Cox model was used to compare
bactericidal effects among the 1.25%, 2.5%, 5% and 10% BPO groups after adjusting for antibiotic resistance. The
bactericidal effect of BPO in the antibiotic-resistant group was approximately 10% lower than that in the susceptible C.
acnes group, but the difference was not statistically significant. (HR 0.9; 95% CI: 0.632—1.296; P = 0.567).

Discussion

This study emphasizes the importance of the contact time of BPO for treating C. acnes. We studied the influence of the

BPO contact time on the bactericidal effects of various concentrations on C. acnes isolates from acne patients, which

included both antibiotic-resistant and antibiotic-susceptible C. acnes, thus simulating what is seen in clinical practice.
There is very limited evidence in the literature regarding BPO contact times and its bactericidal effect on C. acnes. A

previous study by Cove et al'® demonstrated that 100 pg/mL (0.01%) BPO can decrease the C. acnes count at 59 min

with a decimal reduction time of 12.5 min thereafter. However, the very low concentration of BPO in that study is very
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Table 2 Bactericidal Effect of BPO on C. acnes

Contact Bactericidal Isolates (n (%))
Time (min)
1.25% 2.5% 5% 10%
Total RY NR* Total RY Rf NR*
(n=30) | (n=17) | (n=13) (n=17) (n=17)
0.5 20 9 I
(66.7%) (53%) | (84.6%)
| 21 10 I
(70%) (58.8%) | (84.6%)
5 21 10 I
(70%) (58.8%) | (84.6%)
10 22 10
(73.3%) | (58.8%)
15 24 12
(80%) (70%)
30 26 14
(86.7%) | (82.3%)

< 80% of isolates 80-89% of isolates . 90-99% of isolates [JJ] 100% isolates. TAntibiotic-resistant isolates. *Antibiotic-susceptible

Notes: Bactericidal effect on
isolates.
Abbreviations: BPO, benzoyl peroxide; MIC, minimal inhibition concentration; DMSO, dimethyl sulfoxide.

different from the much higher concentration often used in clinical practice. To obtain a clinical correlation, we chose
commonly used BPO concentrations and application times; furthermore, instead of using a specific strain of C. acnes for
testing, we used C. acnes isolates from clinical cultures to represent the C. acnes population in acne patients. In this
study, all isolates of 1.25% BPO required 60 min of contact time to achieve bactericidal effects, and 15 min of contact
time was required for 2.5% BPO. However, 5% and 10% BPO demonstrated rapid bactericidal activity within 30 sec. At
these commonly used concentrations, our study revealed that the contact time of BPO significantly affected its
bactericidal effect on C. acnes isolates. Therefore, in practice, 1.25% or 2.5% BPO cleansing formulations are likely
ineffective for killing C. acnes. Additionally, short BPO contact times or wash-off formulations with concentrations
greater than 5% do not provide added benefits in terms of its bactericidal effect on C. acnes. Moreover, regarding the
short contact use of BPO in patients who have irritated skin problems, 2.5% BPO should be applied at least 15 minutes
before rinsing off.

In this study, the MIC of BPO was 9375 pg/mL. In the literature, the MIC of BPO against C. acnes widely varied
(from 64 to 2048 pg/mL)'*'"*2 due to factors including different of C. acnes isolates, solvents, and media. The clinical
isolates from our acne patients demonstrated higher MIC values than those from the previous in vitro study, which could
be due to prior exposure of C. acnes to acne treatment and the higher number of C. acnes isolates used in this study. Prior
research has shown that BPO is effective in suppressing existing antibiotic-resistant C. acnes isolates as well as
preventing resistance during antibiotic therapy, both in laboratory and clinical studies.'®** In our study, there was also
no significant difference in the MIC of BPO in the resistant and nonresistant C. acnes isolates; this evidence supports the
efficacy of BPO for treating acne with antibiotic-resistant C. acnes. Moreover, when the BPO contact time was analyzed
after adjusting for antibiotic resistance, it seemed to have less of an effect on antibiotic-resistant C. acnes, but this
difference did not reach statistical significance (HR: 0.9; 95% CI: 0.632—1.296; P value = 0.567).

Our study is the first to explore the minimum contact time of BPO for a bactericidal effect on C. acnes in vitro. When
translated into clinical practice, additional factors may affect the efficacy of BPO in acne treatment. C. acnes is a
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bacterium that is found deep in sebaceous follicles.” When BPO is applied to the skin, it might take more time to
penetrate follicles to reach C. acnes than the minimum contact times in vitro. Moreover, when BPO is used as a cleanser,
there might be a diluting effect from the water used to rinse. Together, these factors both suggest longer contact times and
higher concentrations of BPO to be applied to the skin to kill C. acnes in vivo. However, our in vitro study demonstrates
the minimum contact time required for a bactericidal effect of BPO on C. acnes. Further studies need to be conducted to
explore the clinical relevance of our findings.

Conclusion

BPO has excellent and rapid bactericidal effects on both antibiotic-resistant and antibiotic-susceptible C. acnes. Lower
BPO concentrations (< 2.5%) require more contact time than higher concentrations for bactericidal effects on C. acnes.
Almost immediate bactericidal effects occur when using 5% or higher concentrations of BPO, making these concentra-
tions more appropriate for use as a rinse-off formulation.
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