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ABSTRACT 31 

Background: The aim of this study was to evaluate the clinical efficacy of a combination 32 

therapy of clindamycin (CLDM) and benzoyl peroxide (BPO) for treating acne vulgaris. We 33 

assessed the antimicrobial susceptibility of Cutibacterium acnes isolates obtained from these 34 

patients. Additionally, the potential risk of C. acnes developing resistance to CLDM and BPO 35 

following exposure was investigated in vitro. 36 

Methods: We analyzed 182 C. acnes isolates from patients with acne to evaluate susceptibility 37 

and resistance determinants of CLDM and to examine the association between topical CLDM 38 

use and resistance. We also tested resistance frequency in C. acnes under CLDM monotherapy 39 

and CLDM/BPO combination conditions in vitro. 40 

Results: The CLDM resistance rates were 22.9% and 46.7% in the CLDM/BPO combination 41 

group and the CLDM monotherapy group, respectively. The combination group showed a 42 

significantly lower rate (P < 0.05). Under CLDM monotherapy, resistant strains emerged at a 43 

frequency of 8.1×10-8 to 8.7×10-8, whereas no resistant strains were detected under CLDM/BPO 44 

combination conditions. 45 

Conclusions: The combination of CLDM and BPO was effective in suppressing the emergence 46 

of CLDM-resistant C. acnes. 47 

 48 

Keywords: Cutibacterium acnes, antibiotic resistance, clindamycin, benzoyl peroxide   49 
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1. INTRODUCTION 50 

Cutibacterium acnes is particularly abundant in the sebaceous areas of the skin. Its abnormal 51 

proliferation in occluded follicles induces inflammation and exacerbates acne vulgaris [1,2]. 52 

Treatment depends on the severity of inflammatory lesions and the presence of comedones and 53 

involves the use of oral and/or topical antibiotics. Benzoyl peroxide (BPO) has keratolytic 54 

properties and bactericidal effects. It generates free radicals during decomposition, which 55 

reduces the emergence of antimicrobial-resistant bacteria [3]. Topical antibiotics are commonly 56 

used to treat mild acne, and clindamycin (CLDM) is one of the most frequently prescribed 57 

antibiotics. However, the prevalence of CLDM-resistant C. acnes among acne patients has 58 

increased remarkably in recent years, becoming a significant clinical problem [4-6]. 59 

The mechanisms of macrolide and lincosamide resistance in C. acnes have been attributed 60 

to mutations in the 23S rRNA gene and the acquisition of exogenous resistance genes [7-11]. 61 

In contrast, BPO poses a low risk of selecting resistant strains, and none have been reported to 62 

our knowledge. Therefore, combination formulations of CLDM and BPO (CLDM/BPO) have 63 

been reported to exhibit synergistic bactericidal effects against C. acnes and high efficacy 64 

against resistant strains in Western countries [12]. Combination therapy may reduce the risk of 65 

resistant strains emerging during prolonged monotherapy. However, data on the current use of 66 

topical agents for acne vulgaris and their association with CLDM-resistant C. acnes remains 67 

limited in Japan. 68 

 This study aimed to clarify the current use of topical agents for treating acne vulgaris, as well 69 
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as their relationship with antimicrobial resistance in C. acnes. Additionally, the study sought to 70 

evaluate the impact of CLDM monotherapy and CLDM/BPO therapy on the emergence of 71 

CLDM-resistant strains in vitro. 72 

 73 

2. MATERIALS & METHODS 74 

2.1. Patients, sample collection, and questionnaire survey 75 

From 2014 to 2023, a questionnaire survey regarding treatment history was administered to 76 

182 patients who sought acne vulgaris treatment at 26 medical facilities in Japan. Of these 77 

patients, 117 had used BPO monotherapy, 30 had used CLDM monotherapy, and 35 had used 78 

a CLDM/BPO combination therapy. A total of 182 C. acnes isolates were obtained from patients 79 

who had used one of the three agents and were included in the analysis. 80 

 81 

2.2. Antimicrobial susceptibility testing and detection of resistance determinants 82 

Antimicrobial susceptibility testing was performed according to Clinical and Laboratory 83 

Standards Institute (CLSI) guidelines for anaerobes using the twofold agar dilution method. 84 

The minimum inhibitory concentration (MIC) was determined as an indicator of susceptibility 85 

[13,14]. Clindamycin hydrochloride (Tokyo Chemical Industry, Tokyo, Japan) was used as the 86 

test antibiotic. CLSI breakpoints were used for resistance interpretation [15]. We detected 87 

macrolide resistance genes [erm(X) and erm(50)] and analyzed mutations in the 23S rRNA gene 88 

by PCR and sequencing, using methods previously described [15-17]. 89 
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 90 

2.3. Frequency of emergence of resistant strains 91 

We determined the frequency of CLDM-resistant mutants using C. acnes reference strains 92 

ATCC 6919 and ATCC 11828. Modified GAM agar (AcuDia™, Shimadzu) containing either 93 

CLDM (8 µg/mL) or CLDM (8 µg/mL) in combination with BPO (256 µg/mL) was used. The 94 

CLDM concentration was determined according to the CLSI breakpoint, and the BPO 95 

concentration was set at its solubility limit in GAM agar. Each strain was cultured anaerobically 96 

at 37 °C for 48 h, concentrated tenfold, spread onto plates, and incubated for 48 h to determine 97 

colony forming unit (CFU)/mL and calculate the frequency of resistant mutants. 98 

 99 

2.4. Ethical approval and patient consent 100 

This study was approved by the Ethics Committee of the Tokyo University of Pharmacy and 101 

Life Sciences (approval no. HN- D-2023-016). Written informed consent was obtained from all 102 

patients prior to sample collection. 103 

 104 

2.5. Statistical analysis 105 

Statistical analyses were performed using the chi-square (χ²) test and the t-test. P value of 106 

<0.05 was considered statistically significant. 107 

 108 

3. RESULTS 109 
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3.1. Association between drug use history, CLDM resistance rate, and resistance 110 

determinants 111 

CLDM resistance rates differed significantly among the three treatment groups (P < 0.05) 112 

(Tables 1 and S1). The CLDM monotherapy group (n=30) exhibited the highest resistance 113 

rate (46.7%, n=14). The 23S rRNA mutations were detected in 20.0% (6/30 cases), and 114 

erm(X) and erm(50) were detected in 13.3% (4/30 cases), respectively. In the CLDM/BPO 115 

combination group (n=35), the resistance rate was 22.9% (n = 8). erm(50) detected in 17.1% 116 

(n=6) and 23S rRNA mutations were detected in 5.7% (n=2). erm(X) was not detected. In 117 

contrast, the resistance rate was lowest in the BPO monotherapy group (n=117), at 9.4% 118 

(n=11). Of these, 6.8% (n=8) had 23S rRNA mutations and 2.6% (n=3) had erm(50); erm(X) 119 

was undetected. The frequencies of 23S rRNA mutations and erm(50) genes differed 120 

significantly between the CLDM and BPO monotherapy groups (P < 0.05). 121 

 122 

3.2. Frequency of emergence of resistant strains 123 

C. acnes reference strains were exposed to modified GAM agar plates containing either 124 

CLDM alone or a CLDM/BPO (Fig. 1). The frequency of CLDM-resistant mutants ranged from 125 

4.9×10-8 to 1.5×10-7 CFU/mL for ATCC 6919 and from 6.0×10-8 to 1.2×10-7 CFU/mL for ATCC 126 

11828 in the CLDM-alone group. All of the obtained resistant isolates harbored mutations in 127 

the 23S rRNA gene. In contrast, no resistant colonies were detected in either ATCC 6919 or 128 

ATCC 11828 in the CLDM/BPO group, remaining below the detection limit. These results 129 



8 
 

indicate that the frequency of resistance emergence was significantly lower in the CLDM/BPO 130 

group than in the CLDM-alone group (P < 0.05). 131 

 132 

4. DISCUSSION 133 

This study investigated the relationship between the use of topical agents (CLDM, BPO, and 134 

CLDM/BPO) and the susceptibility of C. acnes isolates obtained from patients with acne 135 

vulgaris to elucidate the efficacy of CLDM/BPO. Additionally, we evaluate the frequency of 136 

CLDM-resistant mutants in vitro after exposure to these agents to assess the potential risk of 137 

resistance development during long-term use. 138 

We assessed the association between drug use history and CLDM resistance using patient 139 

questionnaires. The CLDM resistance rate was highest in the CLDM monotherapy group. This 140 

was followed by the CLDM/BPO and BPO monotherapy groups. These was a statistically 141 

significant difference among the groups (Table 1) (P < 0.05). Therefore, using CLDM 142 

monotherapy appears to contribute to the development of CLDM resistance. The CLDM/BPO 143 

combination is considered beneficial for treating acne due to its synergistic antibacterial effect 144 

and the anti-inflammatory activity of CLDM. However, according to the 2023 Guidelines for 145 

the Treatment of Acne Vulgaris and Rosacea, prolonged use of CLDM is not recommended due 146 

to the potential risk of developing resistance [4]. Furthermore, patients with a history of CLDM 147 

use exhibited a higher frequency of resistant isolates. Recent studies have also indicated an 148 

increasing prevalence of CLDM-resistant C. acnes strains in Japan [18]. Thus, we evaluated 149 
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how often resistant mutants emerged in vitro after C. acnes exposed to CLDM or the 150 

CLDM/BPO. Colonies resistant to CLDM were observed after exposure to CLDM. However, 151 

no resistant colonies were detected following exposure to CLDM/BPO. These findings strongly 152 

suggest that adding BPO suppresses the emergence of CLDM-resistant mutants. 153 

Overall, this study demonstrated that monotherapy with CLDM is strongly associated with 154 

the emergence of CLDM-resistant C. acnes, whereas the use of CLDM/BPO may effectively 155 

suppress the development of resistance. Therefore, the concomitant use of BPO is strongly 156 

recommended for topical acne therapy in order to maintain antimicrobial efficacy against C. 157 

acnes. These findings support the current Japanese treatment guidelines, which emphasize 158 

combination therapy with topical agents. However, further large-scale clinical studies and 159 

comprehensive molecular epidemiological analyses are needed to strengthen the existing 160 

evidence. 161 

 162 
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Figure legend 224 

Fig. 1. Frequency of occurrence of CLDM-resistant mutant in C.acnes. 225 

Standard susceptible strains of C. acnes (ATCC 6919 and ATCC 11828) were inoculated onto 226 

agar plates containing CLDM alone or CLDM/BPO and cultured for 48 hours. Colony-forming 227 

units (CFU/mL) were counted to evaluate the frequency of resistance emergence. Data 228 

represents the mean ± standard deviation from three independent experiments (n = 3). Statistical 229 

analysis was performed using Student's t-test, with * p< 0.05 considered significant. 230 
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Drugs Number of users (n) Resistance (n, %) 
Resistant factor (n, %) 

23S rRNA mutation erm(X) erm(50) 

BPO  117         11 ( 9.4)＊＊        8 ( 6.8%)＊ 0  3 ( 2.6%)＊ 

CLDM  ii30        14 (46.7)           6 (20.0%) 4 (13.3%) 4 (13.3%) 

CLDM/BPO ii35         8 (22.9)＊ 2 ( 5.7%) 0 6 (17.1%) 

Table 1. History of Topical Antibbiotics Use in Acne Patients and the Rate of CLDM Resistance and Resistance Factors in 
C. acnes Isolated from Patients.  

Based on a questionnaire survey of 182 acne patients from multiple clinical sites, topical antibiotic use was categorized into three 
groups: benzoyl peroxide (BPO) monotherapy, clindamycin (CLDM) monotherapy, and CLDM/BPO combination. The number of 
patients and corresponding C. acnes isolates in each group is shown. *p<0.05, **p<0.01 vs CLDM group. 



 

           

Year Drugs 
Number of users 

(n) 
Resistance 

(n, %) 

Resistant factor (n, %) 

23S rRNA 
mutation 

erm(X) erm(50) 

2014 
BPO 1 0 (0) 0 0 0 

CLDM 0 0 (0) 0 0 0 
CLDM/BPO 0 0 (0) 0 0 0 

2015 
BPO 0 0 (0) 0 0 0 

CLDM 0 0 (0) 0 0 0 
CLDM/BPO 0 0 (0) 0 0 0 

2016 
BPO 28 5 (17.9) 4 (14.2) 0 1 (3.6) 

CLDM 10 4 (40.0) 4 (40.0) 0 0 
CLDM/BPO 9 0 (0) 0 0 0 

2017 
BPO 36 5 (13.9) 4 (11.1) 0 1 (2.8) 

CLDM 14 6 (42.9) 2 (14.3) 3 (21.4) 1 (7.1) 
CLDM/BPO 18 7 (38.9) 2 (11.1) 0 5 (27.7) 

2018 
BPO 0 0 (0) 0 0 0 

CLDM 0 0 (0) 0 0 0 
CLDM/BPO 0 0 (0) 0 0 0 

2019 
BPO 2 0 (0) 0 0 0 

CLDM 0 0 (0) 0 0 0 
CLDM/BPO 0 0 (0) 0 0 0 

2020 
BPO 6 0 (0) 0 0 0 

CLDM 0 0 (0) 0 0 0 
CLDM/BPO 1 0 (0) 0 0 0 

2021 
BPO 0 0 (0) 0 0 0 

CLDM 2 2 (100) 0 0 2 (100) 
CLDM/BPO 0 0 (0) 0 0 0 

2022 
BPO 7 0 (0) 0 0 0 

CLDM 1 0 (0) 0 0 0 
CLDM/BPO 1 0 (0) 0 0 0 

2023 

BPO 37 1 (2.7) 0 0 1 

CLDM 3 2 (66.7) 0 1 (33.3) 1 (33.3) 

CLDM/BPO 6 1 (16.7) 0 0 1 (16.7) 

Supplement Table 1. Annual Detail of Topical Antibiotic use, CLDM Resistance Rates, and 
Resistance Factors in C. acnes from Acne Patients. 
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