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Background: Antibiotic resistance is growing globally, with multiple countries reporting resistance in >50% of Cutibacterium acnes 
(C. acnes) strains. Combination formulations of an antibiotic and the antimicrobial benzoyl peroxide (BPO) may reduce this resistance 
risk, especially with prolonged use. This 4-part study tested susceptibility of 31 C. acnes clinical strains and development of resistance 
to antibiotics alone or combined with BPO.
Methods: C. acnes susceptibility to single-drug antibiotics was assessed via minimum inhibitory concentration (MIC) values obtained 
from epsilometer tests, with lower MIC indicating higher susceptibility. Susceptibility to fixed-dose antibiotic/BPO combination 
products was determined by measuring the zone of inhibition using the agar diffusion method, with larger diameter indicating 
increased bacterial inhibition. The effect (synergistic, additive, antagonistic, or indifferent [no interaction]) of combining clindamycin 
with BPO on C. acnes inhibition was evaluated using a checkerboard assay, wherein 2 test compounds are combined in varying 
concentrations. Resistance development was assessed using serial passage of bacterial cultures in increasing concentrations of 
clindamycin alone or in combination with BPO.
Results: All tested antibiotics (clindamycin, doxycycline, erythromycin, and minocycline) exhibited similar activity. C. acnes 
susceptibility was variable, with some strains having elevated MIC values—an indication of resistance—against different antibiotics. 
For 6 strains resistant to clindamycin alone (inhibitory zone=0 cm), formulations with BPO enhanced activity against the same isolates 
(range: 0.8–2.2 cm). Of 7 acne-associated strains, combining clindamycin and BPO had an additive effect against 4, and no interaction 
against 3. Bacterial cultures repeatedly exposed to the combination of clindamycin and BPO did not develop antibiotic resistance, 
which occurred with exposure to clindamycin alone.
Conclusion: Overall, antibiotic susceptibility was highly dependent on the C. acnes strain, and antibiotic formulations with BPO 
exhibited enhanced activity against less susceptible strains. Fixed combinations of BPO with an antibiotic may improve antimicrobial 
activity and protect against resistance development.
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Introduction
Clindamycin and other antibiotics were among the first effective treatments for acne; accordingly, dermatologists 
prescribe almost 5% of all antibiotics, though they account for ≤1% of the US physician population.1 However, recent 
acne management guidelines discourage the use of antibiotics as monotherapy due to the development of bacterial 
resistance.2,3 Resistance to topical antibiotics in Cutibacterium acnes (C. acnes; previously Propionibacterium acnes)— 
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the bacteria involved in acne pathogenesis—was first reported in the US in the 1970s.4 Since then, several countries have 
reported >50% of C. acnes strains as resistant to certain antibiotics.5,6

This emergence of resistant strains can lead to increased acne therapeutic failure.7 A systematic review of 14 clinical 
trials showed a decrease in the efficacy of topical erythromycin in treating acne lesions over a 10-year time period that 
coincided with an increase in C. acnes resistance to erythromycin.8 Moreover, the clinical implication of C. acnes 
resistance development from prolonged antibiotics use can extend beyond acne treatment: resistance genes can be 
transferred from C. acnes to pathogenic bacterial strains such as staphylococci and streptococci. In a study examining the 
effects of topical and/or oral antibiotics on oropharyngeal flora in patients with acne, antibiotic-treated patients were at 
greater risk of colonization by potentially pathogenic Streptococcus bacteria.9,10 Furthermore, 85% of Streptococcus 
cultures from these antibiotic-treated patients were resistant to at least one antibiotic, versus 20% in patients without a 
history of antibiotic use.10 Topical erythromycin use is associated with an increase in antibiotic-resistant Staphylococcus 
bacteria,11–13 including strains that can be pathogenic in certain patient populations.14

Given the danger of a global rise in antibiotic resistance, a National Action Plan to slow the emergence of resistant 
bacteria has been instituted by the US Centers for Disease Control and Prevention,15 and dermatology-specific guidelines 
on antibiotic stewardship have been proposed by the Scientific Panel on Antibiotic Use in Dermatology of the American 
Acne and Rosacea Society.16,17

Combination formulations containing an antibiotic and benzoyl peroxide (BPO) can reduce the risk of resistance, 
especially with prolonged use.3 Importantly, to date, there is no evidence of C. acnes resistance to BPO.18 Additionally, 
combination therapies are generally more efficacious than monotherapies for the treatment of acne.19 For example, 
clinical studies and a network meta-analysis have demonstrated that fixed-dose clindamycin/BPO has greater efficacy 
than monotherapy with either BPO or clindamycin.20–22 Currently, there are several approved fixed-combination topical 
acne therapies containing an antibiotic and BPO.23–29

Given the constantly evolving landscape of antibiotic resistance, it is important to confirm BPO’s pivotal role in the 
acne armamentarium against C. acnes strains. This 4-part study tested the susceptibility of C. acnes strains and the 
development of resistance to antibiotics alone or in combination with BPO.

Materials and Methods
The study was composed of 4 parts, evaluating 31 individual clinical strains of C. acnes received in 2022 (obtained 
through Biodefense and Emerging Infections Research Resources, National Institute of Allergy and Infectious Diseases, 
and National Institute of Health as part of the Human Microbiome Project; Figure 1, Supplemental Table 1). Strains were 
selected to ensure the inclusion of those from different classes and susceptibility profiles as well as different associations 

Figure 1 Study design. This 4-part study tested susceptibility of 31 C. acnes clinical strains and development of resistance to antibiotics alone or in combination with BPO. 
Notes: aClassification based on Fitz-Gibbon S, et al. J Invest Dermatol. 2013;133(9):2152–60.30 “Neutral” is reported to cause acne but also colonize normal skin, “acne- 
associated” colonize skin with acne, and “healthy” colonize healthy skin. bIncludes 1 strain sometimes classified as acne-associated. cComprising 6 branded products: CLIN 
1.2%/adapalene 0.15%/BPO 3.1% (Ortho Dermatologics), Clindamycin 1% gel (Ortho Dermatologics), CLIN 1.2%/BPO 3.75% gel (Ortho Dermatologics), minocycline 4% 
foam (Journey Medical Corporation), CLIN 1.2%/BPO 5% gel (Stiefel Laboratories), erythromycin 3%/BPO 5% gel (Ortho Dermatologics). 
Abbreviations: BPO, benzoyl peroxide; CLIN, clindamycin phosphate.
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with acne, including acne-associated (ie, strain is associated with acne), healthy (ie, strain has not been identified as being 
related to acne), or neutral (ie, strain may be found in healthy or acne-associated skin). All study results were 
summarized using descriptive statistics.

Part 1: C. acnes Susceptibility to Antibiotics
C. acnes susceptibility to single-drug antibiotics was assessed via minimum inhibitory concentration (MIC) values 
obtained from epsilometer tests (E-test; Figure 2A). MIC is the lowest concentration of an antibiotic needed to inhibit 
bacterial growth, with lower MIC indicating higher susceptibility. The E-strip is a plastic strip with an antibiotic gradient 
concentration immobilized on one side and the MIC interpretative scale printed on the other side. The E-test MIC is 
defined as the point on the scale at which the ellipse of growth inhibition intercepts the strip.

A total of 31 C. acnes strains—including 15 neutral isolates, 8 acne-associated isolates, and 8 healthy isolates (Figure 1 
and Supplemental Table 1)—were cultured on Brucella blood agar (BBA) and incubated at 37°C for 48 hours under 
anaerobic conditions. The bacterial inoculum was prepared by suspending the microbial cells in demineralized water and 
adjusted to a density of 1.0 McFarland. A cotton swab was used to spread the inoculum evenly onto the BBA plate, followed 
by the application of the E-test strips of the 4 test antibiotics placed separately on the surface of the inoculated BBA plates. 
The MICs were recorded 48 hours after incubation at 37°C under anaerobic conditions.

Data interpretation was performed according to the recommendations of the Clinical and Laboratory Standards 
Institute (CLSI) and the National Committee for Clinical Laboratory Standards (CLSI Document #M11-A7). There 
was no observed CLSI breakpoint for any of the test compounds against C. acnes; therefore, isolates that had higher MIC 
values against the test products were considered less susceptible and designated as having elevated MIC (Supplemental 
Table 2). Data were recorded in the form of MIC range, MIC50 (the concentration that inhibited 50% of the isolates 
tested), and MIC90 (the concentration that inhibited 90% of the isolates tested).

Figure 2 Study methods: estimation of MIC. (A) MIC measurement by E-strip. (B) MIC measurement by agar diffusion method. 
Abbreviations: E-strip, Epsilometer strip; MIC, minimum inhibitory concentration.
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Part 2: C. acnes Susceptibility to Antibiotic Formulations ± BPO
Susceptibility to fixed-dose antibiotic/BPO combination products versus antibiotic formulations without BPO was 
compared by measuring the zone of inhibition using the agar diffusion method, with a larger diameter indicating 
increased bacterial inhibition (Figure 2B). The branded antibiotics assessed included 1 foam and 5 gel formulations. 
Following the growth of all 31 C. acnes isolates (Supplemental Table 1) at 37°C for 48 hours under anaerobic conditions, 
the inoculum was standardized to 0.5 McFarland. Next, 2 BBA plates were inoculated with the organisms at the 
appropriate dilution. On each plate, three wells of 4 mm size were created, and 20 µL of one of the formulated drugs 
was added to the wells; plates were incubated under anaerobic conditions at 37°C for 48 hours. The diameter of each 
zone of inhibition was measured and recorded.

Part 3: Effect of Clindamycin + BPO on C. acnes Inhibition
The effect (synergistic, additive, antagonistic, or indifferent [ie, no interaction]) of combining clindamycin with BPO on 
the inhibition of C. acnes strains was evaluated using a checkerboard assay as previously described,31 wherein 2 test 
compounds are combined at varying concentrations (Figure 3A). Seven acne-associated strains were evaluated, including 
1 neutral strain that is sometimes classified as acne-associated and excluding 2 strains that were difficult to grow in the 
medium required for C. acnes. Brain Heart Infusion broth supplemented with 0.05% Tween 80 and 1% glycerol was used 

Figure 3 Study methods: analyzing combination of clindamycin + BPO. (A) Evaluation of the effect of combining clindamycin with BPO using checkerboard assay. 
(B) Evaluation of antibiotic resistance development by serial passage of bacterial cultures. 
Notes: aMIC is determined to be the lowest concentration in which no growth is observed. 
Abbreviations BPO, benzoyl peroxide; MIC, minimum inhibitory concentration.
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for the checkerboard test, and a final concentration of 1 × 105 colony forming units/mL was inoculated. The MICs of the 
drugs alone and in combination were determined after incubation at 37°C for 48 hours under anaerobic conditions. 
Combination testing is evaluated based on the fractional inhibitory concentration index (FICI), which assigns a numerical 
value to the interaction of the 2 compounds. The FICI is calculated using the following formula:

Interpretation of the FICI for the combination of compounds is defined as follows: synergism ≤0.5, additive action >0.5 
to ≤1.0, antagonistic >2.0, indifferent >1 to ≤2.

Scanning Electron Microscopy of Clindamycin + BPO
The effect of clindamycin and BPO alone and in combination on the morphology and ultrastructure of C. acnes strain 
HL053PA2 was determined using scanning electron microscopy (SEM) as described previously.32 Briefly, C. acnes were 
exposed to clindamycin or BPO alone and in combination for 48 hours. Two hundred microliters of cell suspension were 
fixed in 2% glutaraldehyde and incubated at 4°C for 48 hours. After fixation, samples were processed and dried. 
Processed samples were coated with palladium for 60 seconds and viewed with the Nova NanoLab 200 FEG-SEM/FIB 
scanning electron microscope in high-vacuum mode at 2.00 kV. Untreated cells were included as controls for each strain. 
All compounds were tested at 1× the respective MIC determined by checkerboard assay.

Transmission Electron Microscopy of Clindamycin + BPO
The effect of clindamycin and BPO alone and in combination on the morphology and ultrastructure of C. acnes strain 
HL053PA2 was determined using transmission electron microscopy (TEM). C. acnes exposed to clindamycin (2 μg/mL) or 
BPO (32 μg/mL) alone and in combination were fixed with 2.5% glutaraldehyde for 2 hours, placed in 2% potassium 
permanganate for 2 hours at 4°C, and washed 5 times with distilled water. Cells were subsequently exposed to 1% potassium 
dichromate and 1% uranyl acetate for 2 hours at 4°C, followed by several washes with distilled water. Samples were then 
embedded in agar, left to set, cut into small cubes (0.5–1 mm3), and dehydrated through an ethanol series. The 100% ethanol 
was replaced with propylene oxide twice for 20 minutes, and the sample was then embedded in Epon by graded 
impregnation. Sections were obtained using an ultramicrotome, counterstained with lead citrate, and observed under a 
transmission electron microscope as described previously.33 Overnight untreated cultures were processed in parallel for TEM 
analyses as a control. Images captured for each set of samples were analyzed for morphological and ultrastructural changes.

Part 4: Preventing Antibiotic Resistance with BPO
The development of resistance in 3 acne-associated strains that were highly susceptible to clindamycin was assessed 
using serial passage of bacterial cultures in increasing concentrations of clindamycin alone or in combination with BPO 
(Figure 3B). The MIC of clindamycin alone and in combination with BPO was determined by the microdilution method. 
Inocula were prepared to a 0.5 MacFarland standard from a 48-hour growth on anaerobic blood agar. Incubations were 
performed at 37°C under anaerobic conditions. MIC results were interpreted per CLSI guidelines.34 From this initial MIC 
determination, the contents of the microdilution well at 0.5 MIC—a sub-inhibitory concentration that is one dilution 
lower than that showing bacterial inhibition as compared with the growth control—were then transferred to a BBA 
medium using spot inoculation and streaked for isolation. Inocula from this subculture were tested using the microdilu-
tion test at concentrations of the antibiotic at 0.5 MIC, 1 MIC, 2 MIC, 4 MIC, and 8 MIC for a total of 12 times. MIC 
determinations were performed on the growth obtained from each passage. A rise in MIC of ≥3-fold the original value for 
each isolate indicated the development of resistance to the antibiotic (alone or in combination with BPO).

Results
Part 1: C. acnes Susceptibility to Antibiotics
All antibiotics tested—erythromycin, clindamycin, doxycycline, and minocycline—had generally similar MIC ranges, 
indicating similar activity against most C. acnes strains tested (Table 1). Erythromycin had a higher MIC90 (>256 μg/mL) 
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compared with other antibiotics (range: 1‒16 μg/mL), indicating a higher concentration of drug required to inhibit 90% 
of tested strains. Five C. acnes strains had elevated MIC to multiple antibiotics tested, an indication of resistance 
(Supplemental Table 3). Specifically, 3 strains (HL053PA1, HL045PA1, HL056PA1) had elevated MIC against all 
antibiotics tested, 1 strain (HL013PA1) had elevated MIC against clindamycin and erythromycin, and 1 strain 
(HL038PA1) had elevated MIC against all antibiotics except clindamycin, suggesting that susceptibility pattern is strain 
dependent.

Part 2: C. acnes Susceptibility to Antibiotic Formulations ± BPO
All antimicrobial formulations tested produced similar ranges of zones of inhibition, indicating similar activity against 
the C. acnes strains (Figure 4A). Six C. acnes strains (HL005PA1, HL056PA1, HL045PA1, HL043PA1, HL013PA1, 
HL053PA1) had no inhibitory zone (0 cm) with clindamycin 1%, indicating resistance to clindamycin. However, when 
these 6 strains were exposed to fixed-dose formulations of clindamycin/BPO, enhanced antibacterial activity was 
observed, with inhibitory zones ranging from 0.8 to 2.2 cm (Figure 4B).

Part 3: Effect of Clindamycin + BPO on C. acnes Inhibition
The combination of clindamycin and BPO resulted in an additive effect for 4 of 7 acne-associated strains tested (FICI: 1) 
and had no interaction for 3 strains (FICI: 2; Supplemental Table 4). Microscopic images from separate in vitro 
experiments confirmed this finding (Figure 5). SEM, which produces three-dimensional images of the cell surface,35 

showed that clindamycin+BPO resulted in massive cell leakage, as well as cytoplasmic leakage with intracellular debris, 

Table 1 Antibiotic Susceptibility of C. acnes 
Strains Using an E-Test

μg/mL MIC Range MIC50 MIC90

Minocycline 0.023–3 0.094 1

Erythromycin <0.016 – >256 0.023 >256

Doxycycline 0.023–6 0.094 3
Clindamycin <0.016 – >256 0.047 16

Abbreviations: E-test, Epsilometer test; MIC, minimum inhi-
bitory concentration.

Figure 4 C. acnes sensitivity to clindamycin compared with clindamycin/BPO. (A) Formulated antimicrobials possessed similar activity against most C. acnes strains. 
(B) Formulations containing BPO had enhanced activity against those strains that had no inhibitory zone with clindamycin alone. 
Notes: aRefer to Supplemental Table 1 for a full list of strains tested. bAll drugs are branded formulations. cStrains that had a 0 cm zone of inhibition to clindamycin alone: 
HL005PA1, HL056PA1, HL045PA1, HL043PA1, HL013PA1, HL053PA1. 
Abbreviations ADAP, adapalene; BPO, benzoyl peroxide; CLIN, clindamycin phosphate; ERY, erythromycin.
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Figure 5 Scanning and transmission electron microscopy of clindamycin + BPO. (A) Scanning electron micrographs and (B) transmission electron micrographs 
demonstrated increased cell leakage with clindamycin+BPO, suggesting combination treatment may have additive effects. Transmission electron micrographs are provided 
for 2 μg/mL clindamycin and 32 μg/mL BPO. At higher concentrations (4 μg/mL clindamycin and 64 μg/mL BPO), additive effect of drugs on C. acnes was not discernable as 
the effects of individual drugs on C. acnes morphology was maximal (data not shown). 
Abbreviations: BPO, benzoyl peroxide; CLIN, clindamycin phosphate.
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while the untreated control showed a high cell density of normal, bacillus shaped cells (Figure 5A). TEM, which 
produces two-dimensional images of cell interiors,35 showed profound effects of clindamycin+BPO on the morphology 
of C. acnes, including thinning, translucent cell walls with loss of integrity, decrease in the density and amount of 
cytoplasm, and evidence of cell leakage, while untreated control cells demonstrated intact, well-defined cell walls and 
plasma membranes, with a dense cytoplasm (Figure 5B).

Part 4: Preventing Antibiotic Resistance with BPO
Repeated exposure to clindamycin alone led to the development of resistance in 3 C. acnes strains tested, as indicated by 
a ≥3-fold increase in MIC over repeated passages. However, the same C. acnes strains had no change in MIC over 
repeated passages when exposed to a combination of clindamycin with BPO, suggesting the inclusion of BPO prevents 
the development of resistance to clindamycin (Figure 6).

Discussion
In this in vitro study, all tested antibiotics possessed generally similar activity against most C. acnes strains, though 
antibiotic susceptibility pattern was highly strain dependent. The combination of clindamycin and BPO resulted in an 
additive effect for over half of acne-associated strains tested. Further, formulations with BPO enhanced activity against 
strains less susceptible to clindamycin and prevented the development of resistance during repeated exposure to 
clindamycin.

MIC ranges for clindamycin and erythromycin (<0.016–>256 μg/mL, each) reported in this study are comparable 
with other in vitro studies (clindamycin: ≤0.125–500; erythromycin: ≤0.25–>1000).36,37 However, a comparison of 
antibiotic MICs across studies is challenging as values can vary with study design, including the C. acnes isolates used 
(clinical isolates versus bacterial cultures from the American Type Culture Collection) and bacterial growing conditions 

Figure 6 Development of antibiotic resistance to clindamycin compared with clindamycin/BPO. Inclusion of BPO with clindamycin prevented the development of resistance 
in C. acnes cultures repeatedly exposed to clindamycin. 
Notes: aRepresentative acne-associated strains that were highly susceptible to clindamycin. bMeaningful increase in MIC indicated by ≥3-fold increase from the first passage. 
Abbreviations: BPO, benzoyl peroxide; MIC, minimum inhibitory concentration.
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(growth media, etc.). Further, rising antibiotic resistance may be reflected in increased MIC against C. acnes isolates in 
more recent versus older studies, especially if clinical isolates are evaluated.

Some limitations of this study must be considered in the interpretation of these data. While each part of this 4-part 
study tested between 3 and 31 strains of C. acnes, many more strains, each with unique genetic elements, are associated 
with both healthy and acne skin.30,38 This strain selection may limit the generalizability of these study findings. 
Nevertheless, the C. acnes strains tested in this study did encompass a variety of neutral, acne-associated, and healthy 
types. Other limitations are inherent to the in vitro nature of this study. While studies have repeatedly confirmed the 
potent bactericidal activity of BPO in vivo, its in vitro activity is seemingly less robust, as evidenced by high MIC values 
against C. acnes strains across several studies (31.25–9375 μg/mL).36,37,39–45 Therefore, the effect of combining 
clindamycin with BPO may have been underestimated in this study. Additionally, many skin-related bacteria can form 
biofilms, rendering them resistant to antimicrobial therapies.36,46 As such, in vitro studies are limited in their ability to 
assess how biofilm-forming bacteria respond to antibiotics with or without BPO.

Despite these limitations, this in vitro study’s finding that the combination of BPO with clindamycin prevented the 
development of antibiotic resistance during repeated exposure to clindamycin is in line with clinical findings in patients 
with acne. In a 16-week study of patients with mild to moderate acne, counts of clindamycin-resistant C. acnes remained 
at or below baseline values with clindamycin phosphate 1%/BPO 5% gel treatment but increased to >1600% of baseline 
values with clindamycin 1% gel monotherapy (P=0.018 versus combination gel).47 Similarly, a combination of BPO with 
the antibiotic erythromycin, but not erythromycin alone, was associated with a significant reduction from baseline in 
erythromycin-resistant C. acnes in patients with mild to moderate acne after 6 weeks of use.48 Although the efficacy of 
combination therapy against resistant C. acnes strains may vary from one patient to the next, results from these in vitro 
and in vivo studies support treatment guidelines that recommend BPO be added when long-term topical antibiotic use is 
necessary for the treatment of acne.3,49

Antibiotic stewardship encourages both the judicious use of antibiotics and a focus on potential alternative, non- 
antibiotic treatment options when suitable.50,51 However, antibiotics are still an important and effective treatment option 
for dermatologic disorders like acne. The inclusion of BPO with clindamycin prevented the development of resistance in 
C. acnes cultures repeatedly exposed to clindamycin in this study; this finding aligns with and promotes antibiotic 
stewardship. In fact, though acne treatment guidelines from the American Academy of Dermatology recommend against 
the use of antibiotics as monotherapy, fixed-dose combinations of BPO and a topical antibiotic are recommended for acne 
treatment.3 While BPO and clindamycin may be prescribed as monotherapies for concomitant use by the patient, low 
adherence rates typical of oral or topical acne treatments may be exacerbated by complex regimens that require the 
layering of multiple products.52,53 As such, the risk of antibiotic resistance may be increased due to sub-optimal patient 
adherence to 2 separate acne treatments.53

Combining treatments in an easy-to-use, fixed-dose formulation reduces treatment regimen complexity, potentially 
circumventing these pitfalls of combining monotherapies.52,54 Fixed-dose dual-combination treatments approved by the 
US Food and Drug Administration (FDA) include clindamycin/BPO (4 products)23,25,27,28 and erythromycin/BPO (2 
products).24,26 Notably, FDA approval of the only fixed-dose, triple-combination topical acne treatment—clindamycin 
phosphate 1.2%/adapalene 0.15%/BPO 3.1% gel (CAB; Cabtreo®; Ortho Dermatologics)29—adds to the existing 
armamentarium of clindamycin/BPO fixed-combination products.55,56

Finally, while the findings of this study have been discussed in the context of acne and its treatment, it bears noting 
that C. acnes has been implicated in other pathological states like sarcoidosis, infective endocarditis, prostate cancer, and 
infection involving prosthetic devices such as prosthetic joints and cardiac implantable devices.57,58 Therefore, both the 
successful treatment of antibiotic-resistant C. acnes and the prevention of antibiotic resistance development are of 
concern to multiple therapeutic areas outside of acne.

Conclusion
The antibiotic compounds tested in this study possessed similar activity against most C. acnes strains, with formulations 
containing BPO having enhanced activity against strains less susceptible to clindamycin. The combination of clindamy-
cin and BPO resulted in an additive effect for over half of the acne-associated strains tested. Further, the inclusion of 
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BPO with clindamycin prevented the development of resistance in C. acnes cultures repeatedly exposed to clindamycin. 
While its generalizability may be impacted by the C. acnes strains tested, findings from this in vitro study suggest that 
adding BPO to an antibiotic may improve antimicrobial activity against less susceptible C. acnes strains and may limit 
the development of resistance.
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Acknowledgments
The abstract and data presented here have previously been presented in poster form at: AAD Annual Meeting, 17–20 
March 2023, New Orleans, LA, USA; Fall Clinical Dermatology Conference, 19–22 October 2023, Las Vegas, NV, USA; 
ODAC Dermatology, Aesthetics and Surgical Conference, 11–14 January 2024, Orlando, FL, USA; Maui Derm 
Caribbean, 10–13 January 2024, Palm Beach, Aruba. The abstract and poster presented at the Fall Clinical 
Dermatology Conference were published in the January 2024 supplement of Skin (https://skin.dermsquared.com/skin/ 
article/view/2409).59

Funding
The study was funded by Ortho Dermatologics. Medical writing support was provided by Kavitha Abiraman, PhD, and 
Jacqueline Benjamin, PhD, from Prescott Medical Communications Group, a Citrus Health Group, Inc., company 
(Chicago, Illinois) with financial support from Ortho Dermatologics. Ortho Dermatologics is a division of Bausch 
Health US, LLC.

Disclosure
Mahmoud Ghannoum has acted as a consultant or received contracts from Scynexis, Inc, Bausch & Lomb, Pfizer, and 
Mycovia. James Q. Del Rosso has served as a consultant, investigator, and/or speaker for Ortho Dermatologics, AbbVie, 
Almirall, Amgen, Arcutis, Bausch Health, Biofrontera, Cassiopea, Cutera, Dermavant, EPI Heath, Evommune, 
Galderma, Incyte, JEM Health, Journey, La Roche-Posay, LEO Pharma, Lilly, L’Oreal, MC2 Therapeutics, Mayne 
Pharma, Novan, Nutrafol, Pfizer, Sente, Strata, Sun Pharma, UCB and Vyne. Linda Stein Gold has served as investigator/ 
consultant or speaker for Ortho Dermatologics, Galderma, LEO Pharma, Dermavant, Incyte, Novartis, AbbVie, Pfizer, 
Sun Pharma, UCB, Arcutis, and Lilly. Leon H. Kircik has served as either a consultant, speaker, advisor or an 
investigator for Allergan, Almirall, Epi Health, Galderma, Novartis, Ortho Dermatologics, and Sun Pharma. Julie C. 
Harper has received honoraria from Almirall, Galderma, LaRoche-Posay, Ortho Dermatologics, Journey, and Sun 
Pharma. Other authors report there are no competing interests to declare.

References
1. Jesitus J. Dermatologists contribute to overuse of antibiotics. 2013. Accessed September 26, 2023. https://www.dermatologytimes.com/view/ 

dermatologists-contribute-overuse-antibiotics.
2. Nast A, Dréno B, Bettoli V, et al. European evidence-based (S3) guideline for the treatment of acne - update 2016 - short versions. J Eur Acad 

Dermatol Venereol. 2016;30(8):1261–1268. doi:10.1111/jdv.13776
3. Reynolds RV, Yeung H, Cheng CE, et al. Guidelines of care for the management of acne vulgaris. J Am Acad Dermatol. 2024;90(5):1006.e1001– 

1006.e1030. doi:10.1016/j.jaad.2023.12.017
4. Crawford WW, Crawford IP, Stoughton RB, Cornell RC. Laboratory induction and clinical occurrence of combined clindamycin and erythromycin 

resistance in Corynebacterium acnes. J Invest Dermatol. 1979;72(4):187–190. doi:10.1111/1523-1747.ep12676385
5. Thiboutot D, Gollnick H, Bettoli V, et al. New insights into the management of acne: an update from the Global Alliance to Improve Outcomes in 

Acne group. J Am Acad Dermatol. 2009;60(5 Suppl):S1–50. doi:10.1016/j.jaad.2009.01.019
6. Walsh TR, Efthimiou J, Dreno B. Systematic review of antibiotic resistance in acne: an increasing topical and oral threat. Lancet Infect Dis. 2016;16 

(3):e23–33. doi:10.1016/S1473-3099(15)00527-7
7. Karadag AS, Kayıran M A, Wu CY, Chen W, Parish LC. Antibiotic resistance in acne: changes, consequences and concerns. J Eur Acad Dermatol 

Venereol. 2021;35(1):73–78. doi:10.1111/jdv.16686
8. Simonart T, Dramaix M. Treatment of acne with topical antibiotics: lessons from clinical studies. Br J Dermatol. 2005;153(2):395–403. doi:10.1111/ 

j.1365-2133.2005.06614.x

https://doi.org/10.2147/CCID.S506254                                                                                                                                                                                                                                                                                                                                                                                                                     Clinical, Cosmetic and Investigational Dermatology 2025:18 764

Ghannoum et al                                                                                                                                                                    

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://skin.dermsquared.com/skin/article/view/2409
https://skin.dermsquared.com/skin/article/view/2409
https://www.dermatologytimes.com/view/dermatologists-contribute-overuse-antibiotics
https://www.dermatologytimes.com/view/dermatologists-contribute-overuse-antibiotics
https://doi.org/10.1111/jdv.13776
https://doi.org/10.1016/j.jaad.2023.12.017
https://doi.org/10.1111/1523-1747.ep12676385
https://doi.org/10.1016/j.jaad.2009.01.019
https://doi.org/10.1016/S1473-3099(15)00527-7
https://doi.org/10.1111/jdv.16686
https://doi.org/10.1111/j.1365-2133.2005.06614.x
https://doi.org/10.1111/j.1365-2133.2005.06614.x


9. Group A strep infection. Centers for Disease Control and Prevention. 2022. Accessed October 11, 2023. Available from: https://www.cdc.gov/ 
group-a-strep/about/.

10. Levy RM, Huang EY, Roling D, Leyden JJ, Margolis DJ. Effect of antibiotics on the oropharyngeal flora in patients with acne. Arch Dermatol. 
2003;139(4):467–471. doi:10.1001/archderm.139.4.467

11. Harkaway KS, McGinley KJ, Foglia AN, et al. Antibiotic resistance patterns in coagulase-negative staphylococci after treatment with topical 
erythromycin, benzoyl peroxide, and combination therapy. Br J Dermatol. 1992;126(6):586–590. doi:10.1111/j.1365-2133.1992.tb00104.x

12. Mills Jr O, Thornsberry C, Cardin CW, Smiles KA, Leyden JJ. Bacterial resistance and therapeutic outcome following three months of topical acne 
therapy with 2% erythromycin gel versus its vehicle. Acta Derm Venereol. 2002;82(4):260–265. doi:10.1080/000155502320323216

13. Vowels BR, Feingold DS, Sloughfy C, et al. Effects of topical erythromycin on ecology of aerobic cutaneous bacterial flora. Antimicrob Agents 
Chemother. 1996;40(11):2598–2604. doi:10.1128/aac.40.11.2598

14. Humphrey S. Antibiotic resistance in acne treatment. Skin Therapy Letter. 2012. Accessed October 11, 2023. Available from: https://www. 
skintherapyletter.com/acne/antibiotic-resistance/.

15. Antimicrobial resistance. Centers for Disease Control and Prevention. 2021. Accessed September 26, 2023. Available from: https://www.cdc.gov/ 
antimicrobial-resistance/programs/AR-actions-events.html.

16. Del Rosso JQ, Webster GF, Rosen T, et al. Status report from the Scientific Panel on Antibiotic Use in Dermatology of the American Acne and 
Rosacea Society: part 1: antibiotic prescribing patterns, sources of antibiotic exposure, antibiotic consumption and emergence of antibiotic 
resistance, impact of alterations in antibiotic prescribing, and clinical sequelae of antibiotic use. J Clin Aesthet Dermatol. 2016;9(4):18–24.

17. Del Rosso JQ, Rosen T, Thiboutot D, et al. Status report from the Scientific Panel on Antibiotic Use in Dermatology of the American Acne and 
Rosacea Society: part 3: current perspectives on skin and soft tissue infections with emphasis on methicillin-resistant Staphylococcus aureus, 
commonly encountered scenarios when antibiotic use may not be needed, and concluding remarks on rational use of antibiotics in dermatology. J 
Clin Aesthet Dermatol. 2016;9(6):17–24.

18. Harper JC. Benzoyl peroxide development, pharmacology, formulation and clinical uses in topical fixed-combinations. J Drugs Dermatol. 2010;9 
(5):482–487.

19. Huang CY, Chang IJ, Bolick N, et al. Comparative efficacy of pharmacological treatments for acne vulgaris: a network meta-analysis of 221 
randomized controlled trials. Ann Fam Med. 2023;21(4):358–369. doi:10.1370/afm.2995

20. Leyden JJ, Hickman JG, Jarratt MT, Stewart DM, Levy SF. The efficacy and safety of a combination benzoyl peroxide/clindamycin topical gel 
compared with benzoyl peroxide alone and a benzoyl peroxide/erythromycin combination product. J Cutan Med Surg. 2001;5(1):37–42. 
doi:10.1177/120347540100500109

21. Tschen EH, Katz HI, Jones TM, et al. A combination benzoyl peroxide and clindamycin topical gel compared with benzoyl peroxide, clindamycin 
phosphate, and vehicle in the treatment of acne vulgaris. Cutis. 2001;67(2):165–169.

22. Stuart B, Maund E, Wilcox C, et al. Topical preparations for the treatment of mild-to-moderate acne vulgaris: systematic review and network meta- 
analysis. Br J Dermatol. 2021;185(3):512–525. doi:10.1111/bjd.20080

23. Bausch Health Companies Inc. Acanya. Bausch Health Companies Inc. 2008.
24. Aventis Pharmaceuticals Inc. Benzamycin. Berwyn, PA: Aventis Pharmaceuticals Inc.; 2003.
25. Sanofi-Aventis US LLC. BenzaClin. Bridgewater, NJ: Sanofi-Aventis US LLC; 2009.
26. Dermarc, LLC, a subsidiary of Cutanea Life Sciences, Inc. Aktipak. Wayne, PA: Dermarc, LLC, a subsidiary of Cutanea Life Sciences, Inc; 2018.
27. Stiefel Laboratories Inc. Duac. Research Triangle Park, NC: Stiefel Laboratories Inc; 2015.
28. Bausch Health Companies Inc. Onexton. Laval, Quebec, Canada: Bausch Health Companies Inc; 2020.
29. Bausch Health US. Cabtreo. Bridgewater, NJ: Bausch Health US, LLC; 2023.
30. Fitz-Gibbon S, Tomida S, Chiu BH, et al. Propionibacterium acnes strain populations in the human skin microbiome associated with acne. J Invest 

Dermatol. 2013;133(9):2152–2160. doi:10.1038/jid.2013.21
31. Bellio P, Fagnani L, Nazzicone L, Celenza G. New and simplified method for drug combination studies by checkerboard assay. MethodsX. 

2021;8:101543. doi:10.1016/j.mex.2021.101543
32. Chandra J, Mukherjee PK, Ghannoum MA. In vitro growth and analysis of Candida biofilms. Nat Protoc. 2008;3(12):1909–1924. doi:10.1038/ 

nprot.2008.192
33. Ghannoum MA, Elteen KA, Ellabib M, Whittaker PA. Antimycotic effects of octenidine and pirtenidine. J Antimicrob Chemother. 1990;25(2):237– 

245. doi:10.1093/jac/25.2.237
34. Clinical and Laboratory Standards Institute (CLSI). Performance Standards for Antimicrobial Susceptibility Testing; Twenty First Informational 

Supplement. CLSI Document M100-S2. Wayne, PA: CLSI; 2011.
35. Stadtländer C. Scanning electron microscopy and transmission electron microscopy of mollicutes: challenges and opportunities. Modern Research 

Educat Top Microscopy. 2007;1:122–131.
36. Blaskovich MAT, Elliott AG, Kavanagh AM, Ramu S, Cooper MA. In vitro antimicrobial activity of acne drugs against skin-associated bacteria. 

Sci Rep. 2019;9(1):14658. doi:10.1038/s41598-019-50746-4
37. Pannu J, McCarthy A, Martin A, et al. In vitro antibacterial activity of NB-003 against Propionibacterium acnes. Antimicrob Agents Chemother. 

2011;55(9):4211–4217. doi:10.1128/AAC.00561-11
38. Barnard E, Shi B, Kang D, Craft N, Li H. The balance of metagenomic elements shapes the skin microbiome in acne and health. Sci Rep. 2016;6 

(1):39491. doi:10.1038/srep39491
39. Boonchaya P, Rojhirunsakool S, Kamanamool N, et al. Minimum contact time of 1.25%, 2.5%, 5%, and 10% benzoyl peroxide for a bactericidal 

effect against Cutibacterium acnes. Clin Cosmet Invest Dermatol. 2022;15:403–409. doi:10.2147/CCID.S359055
40. De Canha MN, Komarnytsky S, Langhansova L, Lall N. Exploring the anti-acne potential of Impepho [Helichrysum odoratissimum (L.) Sweet] to 

combat Cutibacterium acnes virulence. Front Pharmacol. 2019;10:1559. doi:10.3389/fphar.2019.01559
41. Decker LC, Deuel DM, Sedlock DM. Role of lipids in augmenting the antibacterial activity of benzoyl peroxide against Propionibacterium acnes. 

Antimicrob Agents Chemother. 1989;33(3):326–330. doi:10.1128/AAC.33.3.326
42. Eady EA, Farmery MR, Ross JI, Cove JH, Cunliffe WJ. Effects of benzoyl peroxide and erythromycin alone and in combination against antibiotic- 

sensitive and -resistant skin bacteria from acne patients. Br J Dermatol. 1994;131(3):331–336. doi:10.1111/j.1365-2133.1994.tb08519.x

Clinical, Cosmetic and Investigational Dermatology 2025:18                                                                  https://doi.org/10.2147/CCID.S506254                                                                                                                                                                                                                                                                                                                                                                                                    765

Ghannoum et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.cdc.gov/group-a-strep/about/
https://www.cdc.gov/group-a-strep/about/
https://doi.org/10.1001/archderm.139.4.467
https://doi.org/10.1111/j.1365-2133.1992.tb00104.x
https://doi.org/10.1080/000155502320323216
https://doi.org/10.1128/aac.40.11.2598
https://www.skintherapyletter.com/acne/antibiotic-resistance/
https://www.skintherapyletter.com/acne/antibiotic-resistance/
https://www.cdc.gov/antimicrobial-resistance/programs/AR-actions-events.html
https://www.cdc.gov/antimicrobial-resistance/programs/AR-actions-events.html
https://doi.org/10.1370/afm.2995
https://doi.org/10.1177/120347540100500109
https://doi.org/10.1111/bjd.20080
https://doi.org/10.1038/jid.2013.21
https://doi.org/10.1016/j.mex.2021.101543
https://doi.org/10.1038/nprot.2008.192
https://doi.org/10.1038/nprot.2008.192
https://doi.org/10.1093/jac/25.2.237
https://doi.org/10.1038/s41598-019-50746-4
https://doi.org/10.1128/AAC.00561-11
https://doi.org/10.1038/srep39491
https://doi.org/10.2147/CCID.S359055
https://doi.org/10.3389/fphar.2019.01559
https://doi.org/10.1128/AAC.33.3.326
https://doi.org/10.1111/j.1365-2133.1994.tb08519.x


43. Farmery M, Jones C, Eady E, Cove J, Cunliffe W. In vitro activity of azelaic acid, benzoyl peroxide and zinc acetate against antibiotic-resistant 
propionibacteria from acne patients. J Dermatological Treat. 1994;5(2):63–65. doi:10.3109/09546639409084531

44. Nakatsuji T, Kao MC, Fang JY, et al. Antimicrobial property of lauric acid against Propionibacterium acnes: its therapeutic potential for 
inflammatory acne vulgaris. J Invest Dermatol. 2009;129(10):2480–2488. doi:10.1038/jid.2009.93

45. Okamoto K, Ikeda F, Kanayama S, et al. In vitro antimicrobial activity of benzoyl peroxide against Propionibacterium acnes assessed by a novel 
susceptibility testing method. J Infect Chemother. 2016;22(6):426–429. doi:10.1016/j.jiac.2015.12.010

46. Coenye T, Spittaels KJ, Achermann Y. The role of biofilm formation in the pathogenesis and antimicrobial susceptibility of Cutibacterium acnes. 
Biofilm. 2022;4:100063. doi:10.1016/j.bioflm.2021.100063

47. Cunliffe WJ, Holland KT, Bojar R, Levy SF. A randomized, double-blind comparison of a clindamycin phosphate/benzoyl peroxide gel formulation 
and a matching clindamycin gel with respect to microbiologic activity and clinical efficacy in the topical treatment of acne vulgaris. Clin Ther. 
2002;24(7):1117–1133. doi:10.1016/s0149-2918(02)80023-6

48. Eady EA, Bojar RA, Jones CE, Cove JH, Holland KT, Cunliffe WJ. The effects of acne treatment with a combination of benzoyl peroxide and 
erythromycin on skin carriage of erythromycin-resistant propionibacteria. Br J Dermatol. 1996;134(1):107–113. doi:10.1046/j.1365-2133.1996. 
d01-733.x

49. Andriessen A, Lynde CW. Antibiotic resistance: shifting the paradigm in topical acne treatment. J Drugs Dermatol. 2014;13(11):1358–1364.
50. Core elements of outpatient antibiotic stewardship. Centers for Disease Control and Prevention. 2021. Accessed October 17, 2023. Available from: 

https://www.cdc.gov/antibiotic-use/core-elements/outpatient.html.
51. MacGibeny MA, Jo JH, Kong HH. Antibiotic stewardship in dermatology-reducing the risk of prolonged antimicrobial resistance in skin. JAMA 

Dermatol. 2022;158(9):989–991. doi:10.1001/jamadermatol.2022.3168
52. Brown MT, Bussell JK. Medication adherence: WHO cares? Mayo Clin Proc. 2011;86(4):304–314. doi:10.4065/mcp.2010.0575
53. Moradi Tuchayi S, Alexander TM, Nadkarni A, Feldman SR. Interventions to increase adherence to acne treatment. Patient Prefer Adherence. 

2016;10:2091–2096. doi:10.2147/PPA.S117437
54. Yentzer BA, Ade RA, Fountain JM, et al. Simplifying regimens promotes greater adherence and outcomes with topical acne medications: a 

randomized controlled trial. Cutis. 2010;86(2):103–108.
55. Stein Gold L, Baldwin H, Kircik LH, et al. Efficacy and safety of a fixed-dose clindamycin phosphate 1.2%, benzoyl peroxide 3.1%, and adapalene 

0.15% gel for moderate-to-severe acne: a randomized Phase II study of the first triple-combination drug. Am J Clin Dermatol. 2022;23(1):93–104. 
doi:10.1007/s40257-021-00650-3

56. Stein Gold L, Lain E, Del Rosso JQ, et al. Clindamycin phosphate 1.2%/adapalene 0.15%/benzoyl peroxide 3.1% gel for moderate-to-severe acne: 
efficacy and safety results from two randomized phase 3 trials. J Am Acad Dermatol. 2023;89(5):927–935. doi:10.1016/j.jaad.2022.08.069

57. Platsidaki E, Dessinioti C. Recent advances in understanding Propionibacterium acnes (Cutibacterium acnes) in acne. F1000Res. 2018;7:15659. 
doi:10.12688/f1000research.15659.1

58. Leheste JR, Ruvolo KE, Chrostowski JE, et al. P. acnes-driven disease pathology: current knowledge and future directions. Front Cell Infect 
Microbiol. 2017;7:81. doi:10.3389/fcimb.2017.00081

59. Ghannoum M, Gamal A, Kadry A, et al. Avoiding the danger of rising resistance in Cutibacterium acnes: criticality of benzoyl peroxide and 
antibiotic fixed combinations. SKIN J Cutaneous Med. 2024;8(1):s354. doi:10.25251/skin.8.supp.354

Clinical, Cosmetic and Investigational Dermatology                                                                    

Publish your work in this journal 
Clinical, Cosmetic and Investigational Dermatology is an international, peer-reviewed, open access, online journal that focuses on the latest 
clinical and experimental research in all aspects of skin disease and cosmetic interventions. This journal is indexed on CAS. The manuscript 
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www. 
dovepress.com/testimonials.php to read real quotes from published authors.  

Submit your manuscript here: https://www.dovepress.com/clinical-cosmetic-and-investigational-dermatology-journal

Clinical, Cosmetic and Investigational Dermatology 2025:18 766

Ghannoum et al                                                                                                                                                                    

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://doi.org/10.3109/09546639409084531
https://doi.org/10.1038/jid.2009.93
https://doi.org/10.1016/j.jiac.2015.12.010
https://doi.org/10.1016/j.bioflm.2021.100063
https://doi.org/10.1016/s0149-2918(02)80023-6
https://doi.org/10.1046/j.1365-2133.1996.d01-733.x
https://doi.org/10.1046/j.1365-2133.1996.d01-733.x
https://www.cdc.gov/antibiotic-use/core-elements/outpatient.html
https://doi.org/10.1001/jamadermatol.2022.3168
https://doi.org/10.4065/mcp.2010.0575
https://doi.org/10.2147/PPA.S117437
https://doi.org/10.1007/s40257-021-00650-3
https://doi.org/10.1016/j.jaad.2022.08.069
https://doi.org/10.12688/f1000research.15659.1
https://doi.org/10.3389/fcimb.2017.00081
https://doi.org/10.25251/skin.8.supp.354
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress

	Introduction
	Materials and Methods
	Part 1: C. acnes Susceptibility to Antibiotics
	Part 2: C. acnes Susceptibility to Antibiotic Formulations ± BPO
	Part 3: Effect of Clindamycin + BPO on C. acnes Inhibition
	Scanning Electron Microscopy of Clindamycin + BPO
	Transmission Electron Microscopy of Clindamycin + BPO

	Part 4: Preventing Antibiotic Resistance with BPO

	Results
	Part 1: C. acnes Susceptibility to Antibiotics
	Part 2: C. acnes Susceptibility to Antibiotic Formulations ± BPO
	Part 3: Effect of Clindamycin + BPO on C. acnes Inhibition
	Part 4: Preventing Antibiotic Resistance with BPO

	Discussion
	Conclusion
	Data Sharing Statement
	Acknowledgments
	Funding
	Disclosure

