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Background: Cutibacterium acnes (C. acnes) is closely related to the 
pathogenesis of acne, and studies related to the antibiotic resistance rates of 
C. acnes have been reported worldwide; however, relevant systematic reviews 
and meta-analyses are still lacking. The aim of this study was to systematically 
evaluate the resistance in C. acnes to relevant antibiotics, that this information 
may be used to provide a rational basis for the antibiotic treatment of acne.

Methods: Relevant studies in PubMed, the Cochrane Library, EMBASE, Web of 
Science, China National Knowledge Infrastructure (CNKI) and Wanfang Data 
were systematically searched from January 1, 2005, to April 1, 2025, and the 
resistance rates of C. acnes isolates to quinolones, macrolides, tetracyclines, 
and other relevant antibiotics were collected. The combined resistance rate was 
calculated via the R language program package 4.3.2, with subgroup analyses 
based on different years, continents, countries, provinces in China and different 
drug susceptibility testing methods.

Results: A total of 8,846 studies were systematically retrieved and 23 studies 
were included, corresponding to 2,046 isolates of C. acnes, which have shown 
antibiotic resistance rates ranging from high to low: 48.17% (95% CI: 41.16–
55.24%) for roxithromycin, 45.64% (95% CI: 20.49–73.22%) for clarithromycin, 
43.33% (95% CI: 27.81–60.29%) for azithromycin, 29.20% (95% CI: 22.14–37.43%) 
for erythromycin, 22.38% (95% CI: 14.69–32.56%) for clindamycin, 5.93% (95% 
CI: 2.91–11.69%) for levofloxacin, 2.44% (95% CI: 0.99–5.89%) for doxycycline, 
1.47% (95% CI: 0.00–85.72%) for trimethoprim-sulfamethoxazole (TMP–SMX), 
1.31% (95% CI: 0.45–3.70%) for tetracycline, 0.28% (95% CI: 0.04–1.94%) for 
chloramphenicol, 0.22% (95% CI: 0.03–1.89%) for minocycline. Subgroup 
analysis revealed that, compared with those in other regions, the resistance 
rates to macrolides and clindamycin were higher in China. In addition, the 
levofloxacin, erythromycin, and clindamycin resistance rates were progressively 
increasing over time.

Conclusion: In certain regions, the relatively high antibiotic resistance rates 
(e.g., 77% (95% CI: 62–87%) for clarithromycin in China) in C. acnes isolates may 
be attributed to the overuse of antibiotics in acne treatment. The resistance rates 
in C. acnes to tetracyclines, such as 2.44% (95% CI: 0.99–5.89%) for doxycycline, 
remain relatively low, which allows tetracyclines to continue serving as first-line 
antibiotics for acne treatment. In addition, the resistance rates to levofloxacin, 
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erythromycin, and clindamycin markedly increased over time (p < 0.05). This 
emphasizes the significance of rational use of the antibiotics in acne treatment.
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Introduction

Acne is a chronic inflammatory skin disease involving hair 
follicles and sebaceous glands. The main sites of acne are the face, 
chest and back, where papules, nodules, and pustules appear, and 
some patients also experience scarring (Xu and Li, 2019). Owing to its 
long duration, easy recurrence and the possibility of severe scarring, 
acne seriously affects the physical and mental health of patients, and 
some patients may suffer from anxiety, depression or even suicidal 
tendencies (Samuels et al., 2020).

The exact etiology and pathogenesis of acne are still unclear, and 
current studies have shown that it is associated mainly with hormone 
levels, increased sebum secretion, abnormal keratinization of follicular 
sebaceous gland ducts, and microbial colonization (Habeshian and 
Cohen, 2020). Cutibacterium acnes (C. acnes) plays an integral role in 
the pathogenesis of acne and is considered the most dominant flora 
within the follicular sebaceous glands of acne patients (Dreno et al., 
2018; Platsidaki and Dessinioti, 2018). C. acnes belongs to the genus 
Cutibacterium, which currently comprises five recognized species: 
C. acnes, Cutibacterium avidum (C. avidum), Cutibacterium 
granulosum (C. granulosum), Cutibacterium modestum (C. modestum), 
and Cutibacterium namnetense (C. namnetense) (Dekio et al., 2021). 
As the most prevalent species, C. acnes is associated not only with acne 
but also with various deep-seated infections, including prosthetic joint 
infections (PJIs) (Kusejko et al., 2021) and pulp infections (Alvarez-
Munoz et al., 2025). Additionally, C. acnes has been implicated in 
SAPHO syndrome (Corbisiero et al., 2023). C. avidum predominantly 
colonizes moist skin areas and it linked to implant-associated 
infections, such as PJIs and gluteal implant infections (Boni et al., 
2018; Isabel Cristina and Diego, 2025). The clinical isolation rate of 
C. granulosum is relatively low, with associations primarily noted in 
surgical site infections and skin and soft tissue infections (Broly et al., 
2020). C. modestum is a recently identified species, with its first 
clinically documented case associated with vertebral osteomyelitis 
(Koyama et  al., 2022). C. namnetense, a novel species, remains 
clinically understudied but has been reported in liver abscesses 
(Yasutomi et al., 2021). C. acnes contributes to disease progression 
through multiple mechanisms. It activates keratinocytes and 
monocytes through toll-like receptors (TLRs), triggering the release 
of pro-inflammatory factors, including IL-1β, IL-8, IL-12, and TNF-α, 
which drive perifollicular inflammation (Dreno et  al., 2020). 
Additionally, C. acnes promotes the differentiation of CD4 + naive T 
cells into T helper (Th)17 cells, promoting IL-17 secretion and 
exacerbating hair follicle inflammation and abnormal keratinization 
(Mias et al., 2023). Christy-Atkins-Munch-Petersen factors, encoded 
in the C. acnes genome, function as membrane-forming pore toxins 
and host tissue-degrading enzymes. These secreted proteins exhibit 
cytotoxic effects on keratinocytes and macrophages, potentially 
amplifying skin inflammation (Achermann et  al., 2014). Biofilm 
formation further enhances C. acnes pathogenicity. It can establish 
biofilms within hair follicles, reducing antimicrobial susceptibility via 

physical barriers and fostering chronic infection (Poudel et al., 2021; 
Ruffier D'Epenoux et al., 2024).

Antimicrobial therapies for C. acnes mainly include topical 
erythromycin and clindamycin, as well as oral tetracyclines (Adler 
et al., 2017). Due to the high prevalence of acne, the widespread use 
of antibiotics and the long course of the disease, a gradual increase in 
the resistance rates of relevant antibiotics against C. acnes has been 
observed (Karadag et al., 2021). Some C. acnes isolates exhibited cross-
resistance to macrolide-lincosamide (ML), macrolide-lincosamide-
streptomycin (MLS), or tetracyclines and relatively high minimum 
inhibitory concentration (MIC) (Abdel Fattah and Darwish, 2013; 
Sheffer-Levi et al., 2020). Although meta-analyses of the resistance 
rate of C. acnes have been conducted (Alvarez-Sanchez et al., 2016; 
Beig et al., 2024), however, considerable time has passed since the 
publication of these studies, and there are some differences in the 
types of antibiotics studied and subgroup analyses. Therefore, the 
primary objective of this study was to assess the antibiotic resistance 
rates in C. acnes in a timely manner, as well as the spatial and temporal 
variations in resistance rates, thereby promoting more rational 
antibiotic use in acne treatment.

Methods

Search strategy

By searching PubMed, the Cochrane Library, EMBASE, Web of 
Science, China National Knowledge Infrastructure (CNKI) and Wanfang 
Data, studies on antibiotic resistance in C. acnes from January 1, 2005, to 
April 1, 2025, the types of studies included were cross-sectional studies. 
The specific keywords used for the search are shown in 
Supplementary Table S1, with a focus on the title/abstract/keyword fields. 
The study protocol was registered with the Prospective Register of 
Systematic Reviews (https://www.crd.york.ac.uk/PROSPERO/) (ID: 
CRD42024618176), and systematic evaluation and meta-analysis were 
performed according to the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines (Shamseer et al., 2015).

Inclusion and exclusion criteria

The following criteria were included in the included studies: (1) 
The subject of these studies was the resistance rate of C. acnes. (2) The 
bacterial samples were from skin acne isolates. (3) Complete data from 
the studies are provided (including first author, sample collection 
time, region, number of isolated strains, experimental methodology, 
resistance criteria and number of antibiotic-resistant strains isolated). 
(4) The studies are original. (5) Replicates are selected from the most 
recently published studies. (6) High-quality studies with a score of 4 
or more according to the Joanna Briggs Institute (JBI) tailored tool for 
epidemiology (Munn et al., 2015) and its adapted version (Savoldi 
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et al., 2018). (7) The resistance criteria are required to be adopted as 
the criteria specified for the Clinical and Laboratory Standards 
Institute (CLSI) (Clinical and Laboratory Standards Institute 
Performance Standards for Antimicrobial Susceptibility Testing, 
2018), which is known as the National Committee for Clinical 
Laboratory Standards (NCCLS) (National Committee for Clinical 
Laboratory Standards Methods for Antimicrobial Susceptibility 
Testing of Anaerobic Bacteria, 2004) until 2005 or the European 
Committee on Antimicrobial Susceptibility Testing (EUCAST) 
(European Committee on Antimicrobial Susceptibility Testing 
Breakpoint Tables for Interpretation of MICs and Zone Diameters, 
2019). (8) Drug susceptibility tests include the broth microdilution 
method, the agar dilution method, or gradient tests (E-test, spiral 
gradient test).

The exclusion criteria were as follows: (1) Samples from unknown 
sources as well as non-dermal samples. (2) Studies providing 
incomplete data. (3) Reviews, meta-analyses, case reports, and 
commentaries. (4) Studies with low quality assessment scores. (5) 
Ambiguous resistance criteria as well as nonCLSI or EUCAST criteria. 
(6) Studies employing the disk diffusion method.

Data extraction and quality assessment

Studies were extracted independently by two authors (C-XZ and 
B-ZW) and screened according to the inclusion and exclusion criteria. 
Cohen Kappa coefficient was used to evaluate the consistency of the 
studies extracted by the two authors (C-XZ and B-ZW). Cohen 
proposed that the kappa coefficient be interpreted as follows: values ≤ 
0 indicate no agreement, 0.01–0.20 indicate no to slight agreement, 
0.21–0.40 indicate fair agreement, 0.41–0.60 indicate moderate 
agreement, 0.61–0.80 indicate substantial agreement, and 0.81–1.00 
indicate almost perfect agreement (McHugh, 2012). When there were 
differences of opinion, they were resolved through discussion or with 
the assistance of a third investigator (Y L). The following data were 
extracted from the articles: first author, year of publication, duration 
of the experiment, region, number of patients, number of C. acnes 
strains, resistance rates to different antibiotics, resistance criteria, 
experimental methods, other factors that may be  associated with 
resistance rates, and other important results.

The included studies were independently assessed by two authors 
(C-XZ and B-ZW) via the JBI tailored tool for epidemiology (Munn 
et al., 2015) and its adapted version (Savoldi et al., 2018), with scores 
ranging from 0 to 8, with a score of 6 or more being considered high 
quality, 4–5 being considered moderate quality, and 3 or less being 
considered low quality. The results of the quality assessment for each 
study are shown in Supplementary Table S2.

Data analysis

The extracted data were analyzed via the R language package 4.3.2 
and combined to calculate the drug resistance rate of C. acnes. A p 
value less than 0.05 was considered statistically significant in all 
analyses. Pooled estimates and 95% confidence intervals (CIs) were 
calculated via the fixed-effect model of the Mantel–Haenszel method 
and the random-effect model of the DerSimonian–Laird method 
(DerSimonian and Laird, 1986; Kuritz et al., 1988). The heterogeneity 

between studies was evaluated via Cochran’s Q test and the inverse 
variance index (I2). The I2 statistic, which is employed to quantify 
inconsistency, was utilized to assess the degree of variation across 
studies, thereby reflecting the extent of heterogeneity (von Hippel, 
2015). The assumptions that I2 is less than 25%, between 25 and 75%, 
and greater than 75% indicate low, moderate, and high degrees of inter-
study heterogeneity, respectively (Higgins et  al., 2003). Given that 
antibiotic resistance rates can vary widely across the globe, random 
effects models are considered more appropriate (Borenstein et  al., 
2010). The results of fixed effects models are also presented to make the 
results more comprehensive and robust.

To investigate potential sources of variability, subgroup analyses 
were conducted. Differences in the prevalence of resistance rates in 
different regions were analyzed by subgrouping resistance rates 
across different continents, countries, and different provinces in 
China. Subgroup analyses were also conducted for various 
susceptibility testing methods to evaluate discrepancies in drug 
resistance rates. Changes in resistance rates with year were studied 
by meta-regression analysis, and for studies across years, the year in 
which isolation of C. acnes strains was first initiated in the article 
was used.

Sensitivity analyses of the included studies were performed to 
assess the presence of publication bias via funnel plots (Stuck et al., 
1998), and significance was assessed via Egger’s test (Egger et  al., 
1997). The results of the funnel plots of the studies and the Egger test 
are shown in Supplementary Figure S1.

Results

Summary statistics

A total of 8,846 articles were retrieved. One hundred and four 
articles were first included by excluding duplicates and reviews, meta-
analyses, case reports, commentaries, and reading titles and abstracts 
of non-C. acnes resistance studies, and 80 articles were excluded by 
reading the full texts of the articles (52 articles with incomplete data, 
12 articles with unclear criteria for resistance or nonCLSI or EUCAST 
criteria, 9 articles with noncutaneous samples, and 7 articles by the 
disk diffusion method). The remaining 24 articles were evaluated for 
quality, and 1 article with a quality score of less than 4 was excluded. 
A total of 23 articles were ultimately included, containing a total of 
2,046 C. acnes samples. The inter-rater reliability of the included 
studies between the two authors (C-XZ and B-ZW) was assessed 
prior to final inclusion. The Cohen Kappa coefficient was 0.83, 
indicating a high degree of consistency between the studies included 
by the two authors (C-XZ and B-ZW). The flow chart is shown in 
Figure  1, and the detailed results of each study are shown in 
Supplementary Table S3.

Resistance rates of Cutibacterium acnes to 
various antibiotics

Quinolone resistance rates in Cutibacterium 
acnes

Four studies (corresponding to 308 strains) reported resistance 
rates to levofloxacin in C. acnes. The results have shown a prevalence 
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of levofloxacin- resistance was 5.93% (95% CI: 2.91–11.69%). No 
heterogeneity was observed in the levofloxacin group (I2 = 0%) 
(Figures 2, 3A).

The regression analysis revealed a significant positive correlation 
between the resistance rates to levofloxacin and time (R = 0.98, 
p < 0.05). The resistance rates of levofloxacin gradually increased from 
0% in 2008 to 11% in 2023 (Figure 3B).

Macrolide resistance rates in Cutibacterium acnes
Twenty studies (corresponding to 1783 strains), 2 studies 

(corresponding to 191 strains), 5 studies (corresponding to 695 strains) 
and 5 studies (corresponding to 470 strains) reported resistance rates in 
C. acnes to erythromycin, roxithromycin, azithromycin and 
clarithromycin, respectively. The results have shown a prevalence of 
erythromycin- resistance was 29.20% (95% CI: 22.14–37.43%), that of 
roxithromycin- resistance was 48.17% (95% CI: 41.16–55.24%), that of 
azithromycin- resistance was 43.33% (95% CI: 27.81–60.29%), and that 
of clarithromycin- resistance was 45.64% (95% CI: 20.49–73.22%). High 
heterogeneity was observed in the erythromycin, azithromycin and 
clarithromycin groups (I2 > 75%), and moderate heterogeneity was 
observed in the roxithromycin group (I2 = 27%) (Figure 2).

In the subgroup analyses according to different continents, a 
significant difference in the resistance rates of azithromycin was 
observed across continents (p < 0.01). The resistance rates of 
azithromycin ranged from 18% (95% CI: 11–27%) in Europe to 55% 
(95% CI: 43–67%) in Asia (Supplementary Figure S2A). The resistance 
rates of erythromycin did not differ significantly across continents 
(p = 0.44) (Supplementary Figure S2B).

In the subgroup analyses according to different countries, a 
significant difference in the resistance rates of erythromycin, 
azithromycin and clarithromycin was observed across countries 
(p < 0.01). The resistance rates of erythromycin ranged from 0% (95% 
CI: 0–11%) in South Korea to 39% (95% CI: 32–45%) in China 
(Figure 4A). The resistance rates of azithromycin ranged from 18% 
(95% CI: 11–27%) in Malta to 55% (95% CI: 43–67%) in China 
(Figure 4B). The resistance rates of clarithromycin ranged from 26% 
(95% CI: 11–50%) in Japan to 77% (95% CI: 62–87%) in China 
(Figure 4C).

In the subgroup analyses according to different provinces in 
China, a significant difference in the resistance rates to erythromycin 
was observed across provinces (p < 0.01). The resistance rates of 
erythromycin ranged from 21% (95% CI: 13–31%) in Hong Kong to 
57% (95% CI: 43–70%) in Sichuan (Figure 4D). The resistance rates of 
azithromycin did not differ significantly across provinces (p = 0.07) 
(Figure 4E).

In the subgroup analyses according to different methods of drug 
susceptibility test, a significant difference in the resistance rates of 
azithromycin was observed (p < 0.01). The resistance rate of 
azithromycin determined by the agar−dilution method was 51% (95% 
CI: 39–63%), which was higher than the 18% (95% CI: 11–27%) 
resistance rate obtained via the E-test method 
(Supplementary Figure S2C). The resistance rates to erythromycin did 
not differ significantly between the two methods of drug susceptibility 
test (p = 0.17) (Supplementary Figure S2D).

The regression analysis revealed a significant positive correlation 
between the resistance rates to erythromycin and time (R = 0.69, 

FIGURE 1

Flow diagram of the study selection process.
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p < 0.05). The resistance rates of erythromycin gradually increased 
from 10% (95% CI: 3–23%) in 2008 to 44% (95% CI: 33–54%) in 2024 
(Figure 4F). No significant correlation was detected for the resistance 
rates of azithromycin and clarithromycin over time (p > 0.05) 
(Figures 4G,H).

Lincosamide resistance rates in Cutibacterium 
acnes

Eighteen of the included studies (corresponding to 1,369 strains) 
reported resistance rates to clindamycin. The results have shown a 
prevalence of erythromycin resistance was 22.38% (95% CI: 

FIGURE 2

Pooled proportions of antibiotic resistance in C. acnes.
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14.69–32.56%). High heterogeneity was observed in the clindamycin 
group (I2 = 85%) (Figure 2).

In the subgroup analyses according to different continents, no 
significant difference in the resistance rates to clindamycin was 
observed across continents (p = 0.08) (Supplementary Figure S3A).

In the subgroup analyses according to different countries, a 
significant difference in the resistance rates to clindamycin was 
observed across countries (p < 0.01). The resistance rates of 
clindamycin ranged from 0% (95% CI: 0–5%) in India to 39% (95% 
CI: 31–48%) in China (Figure 5A).

In the subgroup analyses according to different provinces in 
China, a significant difference in the resistance rates to 
clindamycin was observed across provinces (p < 0.01). The 
resistance rates of clindamycin ranged from 29% (95% CI: 
22–37%) in Guangdong to 53% (95% CI: 42–64%) in Hong Kong 
(Figure 5B).

In the subgroup analyses according to different methods of drug 
susceptibility test, the resistance rates to clindamycin did not differ 
significantly between the two methods of drug susceptibility test 
(p = 0.08) (Supplementary Figure S3B).

The regression analysis revealed a significant positive correlation 
between the resistance rates to clindamycin and time (R = 0.54, 
p < 0.05). The resistance rates of clindamycin gradually increased from 
8% (95% CI: 2–20%) in 2008 to 42% (95% CI: 30–55%) in 2023 
(Figure 5C).

Tetracycline resistance rates in Cutibacterium 
acnes

Fifteen studies (corresponding to 1,363 strains), 14 studies 
(corresponding to 1,424 strains), and 14 studies (corresponding to 
1,337 strains) reported resistance rates to tetracycline, doxycycline, 
and minocycline, respectively. The results have shown a prevalence of 
tetracycline resistance was 1.31% (95% CI: 0.45–3.70%), that of 
doxycycline resistance was 2.44% (95% CI: 0.99–5.89%), and that of 
minocycline resistance was 0.22% (95% CI: 0.03–1.89%). Moderate 
heterogeneity was observed in the tetracycline, doxycycline, and 
minocycline groups (25% < I2 < 75%) (Figure 2).

In the subgroup analyses according to different continents, no 
significant difference in the resistance rates to tetracyclines was 
observed across continents (p > 0.05) (Supplementary Figures S4A–C).

In the subgroup analysis according to different countries, 
significant differences in the rates of resistance to doxycycline and 
minocycline were observed across countries (p < 0.05). The resistance 
rates of doxycycline ranged from 0% (95% CI, 0–5%) in Chile to 19% 
(95% CI, 8–36%) in Israel (Figure  6A). The resistance rates to 

minocycline ranged from 0% (95% CI, 0–4%) in Malta to 11% (95% 
CI: 3–26%) in Israel (Figure  6B). No significant difference in the 
resistance rates to tetracycline was observed across countries (p = 0.66) 
(Figure 6C).

In the subgroup analyses according to different methods of drug 
susceptibility test, the resistance rates to tetracyclines did not differ 
significantly between the two methods of drug susceptibility test 
(p > 0.05) (Supplementary Figures S4D–F).

No significant correlation was detected for the resistance rates to 
tetracyclines over time (p > 0.05) (Figures 6D–F).

Chloramphenicol resistance rates in 
Cutibacterium acnes

Two studies (corresponding to 360 strains) reported resistance 
rates to chloramphenicol. The results have shown a prevalence of 
chloramphenicol resistance was 0.28% (95% CI: 0.04–1.94%). No 
heterogeneity was observed in the chloramphenicol group (I2 = 0%) 
(Figure 2).

In the subgroup analyses according to different countries, no 
significant difference in the resistance rates to chloramphenicol was 
observed across countries (p > 0.05) (Supplementary Figure S5A).

In the subgroup analyses according to different provinces in 
China, no significant difference in the resistance rates to 
chloramphenicol was observed across provinces (p > 0.05) 
(Supplementary Figure S5B).

TMP-SMX resistance rates in Cutibacterium acnes
Two studies (corresponding to 180 strains) reported the resistance 

rates of TMP-SMX. The results have shown a prevalence of TMP-SMX 
resistance was 1.47% (95% CI: 0.00–85.72%) (Supplementary Figure S6A). 
No heterogeneity was observed in the TMP-SMX group (I2 = 0%) 
(Figure 2).

In the subgroup analyses according to different countries, no 
significant difference in the resistance rates of TMP-SMX was 
observed across countries (p > 0.05) (Supplementary Figure S6A).

In the subgroup analyses according to different methods of drug 
susceptibility test, no statistically significant differences were observed 
in the rates of resistance to TMP-SMX (p > 0.05) 
(Supplementary Figure S6B).

Publication bias
The presence of publication bias was assessed via funnel plots and 

tested for significance via Egger’s test, with a p value < 0.05 considered 
significant, and Egger’s test was applicable only to studies containing 
more than 10 items. The p values for the erythromycin, clindamycin 

FIGURE 3

Forest plots and meta-regression analysis plots of levofloxacin resistance rates in C. acnes. (A) Forest plot of levofloxacin resistance rates in Japan. 
(B) Meta-regression analysis of the temporal trends in the proportion of levofloxacin resistance.
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FIGURE 4

Forest plots and meta-regression analysis plots of macrolide resistance rates in C. acnes. (A) Forest plot of erythromycin resistance rates in different 
countries. (B) Forest plot of azithromycin resistance rates in different countries. (C) Forest plot of clarithromycin resistance rates in different countries. 
(D) Forest plot of erythromycin resistance rates in different provinces of China. (E) Forest plot of azithromycin resistance rates in different provinces of 
China. (F) Meta-regression analysis of the temporal trends in the proportion of erythromycin resistance. (G) Meta-regression analysis of the temporal 
trends in the proportion of azithromycin resistance. (H) Meta-regression analysis of the temporal trends in the proportion of clarithromycin resistance.
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and tetracyclines egger’s tests were less than 0.05, which were 
significant. Funnel plots and Egger’s test results are shown in the 
Supplementary Figure S1.

Discussion

Acne is a chronic inflammatory disease that affects mainly 
adolescents and is most often characterized by pimples, papules, 
pustules, and nodules. Acne is a multifactorial disease caused by 
the interaction of environmental and genetic factors (Dall'Oglio 
et  al., 2020), and its pathogenesis is closely related to the 
colonization of C. acnes, which is considered the most likely 
causative pathogen, as it was first observed in acne lesions by Unna 
(1896) and was subsequently isolated by Lee et al. (2019). Previous 
studies have shown that C. acnes can produce inflammatory factors 
such as IL-1, IL-6, and IL-8 through the activation of toll-like 
receptors on keratinocytes, which in turn activate the MAPK and 
NF-kB pathways, subsequently inducing inflammation (Nagy et al., 
2005). In addition, the recognition of C. acnes by TLR-2 receptors 
on sebocytes can also activate the NF-kB pathway, leading to 
inflammation (Cong et al., 2019). A range of immune responses 
associated with C. acnes also involve CD4 + T lymphocytes, 
especially Th1 and Th17 cells (Agak et al., 2014).

Currently, antibiotic therapy may be used as a first-line treatment 
to manage moderate-to-severe acne (Thiboutot et al., 2020); however, 
owing to the widespread use of antibiotics in the clinical practice in 
human medicine, especially macrolides and tetracyclines, a 

year-to-year increase in resistance to C. acnes has been reported in 
some countries and regions (Yang et al., 2018; Zhu et al., 2019), and 
with the emergence of cross-resistance, timely assessment of the 
prevalence of C. acnes drug resistance and the emergence of cross-
resistance is urgently needed.

In this study, C. acnes presented a greater prevalence of resistance 
to macrolides in comparison to other antibiotics. The resistance 
mechanisms responsible for macrolide resistance in bacterial 
pathogens may involve genetic mutations and modifications of the 23S 
rRNA, macrolide efflux systems, as well as inactivation of macrolides 
by phosphotransferases and esterases (Ogawara, 2019). In addition, 
mutations in the 23S rRNA gene may also contribute to clindamycin 
resistance (Kulczycka-Mierzejewska et al., 2018). In vitro induction 
experiments revealed a potential association between 23S rRNA 
mutations and antibiotic exposure. Consequently, prolonged use of a 
single antibiotic may be a contributing factor to the prevalence of 
resistant strains (Nakase et  al., 2018). The resistance rates to 
erythromycin, clarithromycin, and azithromycin in China were 
notably higher than those reported in other countries, which is in line 
with the results previously reported by Zhu et al. (2019). In addition, 
the resistance rate of erythromycin in Sichuan Province was 
significantly higher than that in other regions of China. Acne 
treatment in China has long relied on macrolides and clindamycin as 
topical antibiotics, especially for mild to moderate acne, local 
antibiotic monotherapy is overused, which may lead to an increase in 
the resistance rate of macrolides (Ma et  al., 2016). In addition, 
regression analyses of erythromycin revealed a positive correlation 
between resistance rates and the elapse of time (in years), which aligns 

FIGURE 5

Forest plots and meta-regression analysis plots of lincosamide resistance rates in C. acnes. (A) Forest plot of clindamycin resistance rates in different 
countries. (B) Forest plot of clindamycin resistance rates in different provinces of China. (C) Meta-regression analysis of the temporal trends in the 
proportion of clindamycin resistance.
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with prior research findings (Beig et al., 2024). Consequently, it is 
crucial to closely monitor macrolide resistance rates and avoid the 
prolonged use of a single antibiotic in acne treatment.

Resistance to lincomycin-based drugs in C. acnes is of similar 
concern, with studies including only studies on clindamycin. The rate 
of resistance to clindamycin was also high in comparison to antibiotics 
other than macrolides, which is consistent with the results of a 

previous Jordanian study of 100 individuals (Alkhawaja et al., 2020). 
This study revealed that the resistance rate to clindamycin was 
significantly higher in China than in other regions, especially Hong 
Kong. In addition, the regression analysis revealed a statistically 
significant correlation between the increase in the clindamycin 
resistance rate and time. A prior study conducted in Japan reported a 
similar upwards trend in clindamycin resistance rates (Nakase et al., 

FIGURE 6

Forest plots and meta-regression analysis plots of tetracycline resistance rates in C. acnes. (A) Forest plot of doxycycline resistance rates in different 
countries. (B) Forest plot of minocycline resistance rates in different countries. (C) Forest plot of tetracycline resistance rates in different countries. 
(D) Meta-regression analysis of the temporal trends in the proportion of doxycycline resistance. (E) Meta-regression analysis of the temporal trends in 
the proportion of minocycline resistance. (F) Meta-regression analysis of the temporal trends in the proportion of tetracycline resistance.
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2017a,b). Previous studies have shown that the erm(X) gene may play 
a role in antibiotic resistance in C. acnes. The enzymatic methylation 
of adenosine in the 23S rRNA ribosomal subunit is encoded by genes 
belonging to the erm family, which confer antibiotic resistance 
(Szemraj et al., 2018). In addition, the erm(X) gene, located on the 
transposon Tn5432, is considered to be transmitted among C. acnes 
strains by conjugation (Aoki et al., 2019). Another study also reported 
the erm(X) gene on a transferable line plasmid (pTP-CU411). This 
mechanism may play a significant role in the emergence and 
dissemination of clindamycin-resistant C. acnes among acne patients 
(Koizumi et al., 2022).

The resistance rate of C. acnes to quinolones was relatively low, 
and the C. acnes isolates included in this study were all from Japan. 
Consistently low resistance rates were reported in a previous trial of 
quinolone resistance in C. acnes (Nenoff et al., 2004). The Japanese 
acne treatment guidelines recommend doxycycline and minocycline 
as first-line agents, with roxithromycin and faropenem as subsequent 
options, and levofloxacin as a later-stage choice (Hayashi et al., 2018). 
Despite the low rate of levofloxacin resistance, regression analysis 
revealed a positive correlation between the rate of levofloxacin 
resistance and the yearly increase. In vitro experiments have 
demonstrated that C. acnes can develop resistance via progressive 
exposure to levofloxacin (Nakase et al., 2016). Therefore, the long-
term use of levofloxacin may be the cause of the increased resistance 
rate in Japan.

The U. S. guidelines for the treatment of common acne state that 
tetracyclines (especially doxycycline and minocycline) are often 
recommended as first-line therapeutic agents for acne (Reynolds 
et al., 2024), which, in addition to their own antibacterial effects, 
may also have anti-inflammatory effects through the inhibition of 
neutrophil chemotaxis and the reduction of inflammatory cytokines 
(Perret and Tait, 2014). This study revealed that the resistance rates 
of C. acnes to tetracyclines were relatively low, with minocycline 
exhibiting a particularly low resistance rate. These findings are 
consistent with the results reported in a previous study conducted 
in Colombia (Castellanos Lorduy et al., 2021). Regression analysis 
also did not reveal a correlation between tetracyclines resistance 
and the yearly increase in prevalence. However, in one of the 
included studies, there was an increase in the prevalence of 
doxycycline-resistant strains, with yearly increases in prevalence 
(Aoki et  al., 2021). The resistance mechanism of C. acnes to 
tetracyclines may be attributed to the following factors. Previous 
studies have shown that 16S rRNA is an important component of 
the 30S subunit of bacterial ribosomes and that tetracycline 
antibiotics may inhibit the initiation phase of protein synthesis by 
binding to a specific region of 16S rRNA (Barrenechea et al., 2021). 
Some strains of C. acnes were found to have 16S rRNA mutations. 
When the 16S rRNA gene is mutated, it may interfere with the 
ability of tetracycline to bind to the ribosome, thereby reducing 
drug susceptibility (Aoki et  al., 2021). In addition, amino acid 
substitutions in the S10 protein may enable C. acnes to develop 
resistance to tetracyclines. The S10 protein is encoded by the rpsJ 
gene and is a structural protein of the 30S subunit of the ribosome. 
Amino acid substitutions in the S10 protein may compromise the 
ability of tetracyclines to bind to 16S rRNA, thereby reducing drug 
sensitivity (Sutcliffe et  al., 2020). Furthermore, the amino acid 
substitution in the S10 protein may precede the mutation in the 16S 
rRNA. Certain strains acquire additional 16S rRNA mutations 

following S10 mutation, resulting in a significant increase in the 
MIC (Nakase et  al., 2017a,b). Tet(W) belongs to the ribosome 
protective protein (RPP) gene family, which encodes Tet(W) 
proteins that may mediate drug resistance by binding to ribosomes 
and unblocking tetracycline (Connell et al., 2003). A prior study 
revealed that some C. acnes strains harbor the foreign resistance 
gene tet(W), and these strains exhibit varying levels of sensitivity to 
doxycycline depending on the expression level of tet(W) (Aoki 
et  al., 2021). Since tetracycline antibiotics serve as first-line 
treatments for acne in many countries, closely monitoring trends in 
tetracycline resistance rates is crucial.

Notably, first, chloramphenicol was included in relatively few 
studies, and there may be bias, but only one strain of C. acnes was 
resistant to chloramphenicol in the included studies (360 strains in 
total), which suggests that C. acnes may be  less resistant to 
chloramphenicol at the present time. Second, although the resistance 
rate of C. acnes to TMP-SMX was relatively low in this study, prior 
research has indicated that C. acnes is highly resistant to sulfonamides 
(Fan et al., 2016; Nagy et al., 2018). Given the limited number of 
studies included in the TMP-SMX group, this result needs to 
be viewed with great caution.

This study also compared the differences in drug resistance rates 
measured via the agar-dilution method and the E-test method. The 
results indicated that a significant difference in the drug resistance rate 
was observed only for azithromycin, whereas no significant differences 
were noted for the other antibiotics. Both of these methods are 
applicable for evaluating the susceptibility of anaerobic bacteria 
(Gajdacs et al., 2017).

Cross-resistance to different antibiotics was found in some of the 
included and excluded studies, with most studies finding cross-
resistance to ML (Ishida et al., 2008; Abdel Fattah and Darwish, 2013; 
Luk et al., 2013; Mendoza et al., 2013; Schafer et al., 2013; Fan et al., 
2016; Ma et  al., 2016; Nakase et  al., 2020). The mechanisms of 
resistance to ML in C. acnes are likely mediated by 23S rRNA 
mutations and methylation of 23S rRNA via the ribosomal methylase 
gene erm(X) (Ross et al., 2002; Ross et al., 2003). This is consistent 
with the high rate of resistance found for both macrolides and 
clindamycin in the results of this study. The presence of cross-
resistance was also found for tetracyclines (Abdel Fattah and Darwish, 
2013; Luk et al., 2013; Mendoza et al., 2013; Sheffer-Levi et al., 2020). 
In addition, some studies have shown that cross-resistance also occurs 
between ML and tetracyclines (Abdel Fattah and Darwish, 2013; Luk 
et al., 2013; Sheffer-Levi et al., 2020). Aoki et al. identified the presence 
of a plasmid DNA designated pTZC1, which carries the novel ML 
resistance gene erm(50) and the tetracycline resistance gene tet(W). 
This plasmid, pTZC1, is likely capable of horizontal transfer among 
C. acnes strains, conferring resistance to ML and tetracyclines (Aoki 
et al., 2020). In addition to the gene mutations mentioned above and 
the acquisition of new genes, the activation of efflux pumps can 
concurrently expel a variety of antibiotics with diverse structures. A 
previous study has demonstrated that the overexpression of efflux 
pumps in tetracycline-resistant strains not only decreases the 
intracellular concentration of tetracycline compounds but also may 
impact the efficacy of other antibiotics that depend on proton 
gradients for cellular entry (Nakase et al., 2017a,b; Zhang et al., 2017). 
In addition, biofilms formed by drug-resistant strains may enhance 
bacterial adaptive resistance through mechanisms such as restricting 
antibiotic penetration, inducing the formation of dormant bacterial 
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populations (Jahns et al., 2016). The inappropriate and excessive use 
of antibiotics can contribute to the emergence and spread of 
multidrug-resistant bacteria (Di Lodovico et al., 2022).

The included studies also examined the effect of treatment history 
on the MIC/resistance rate of C. acnes, and some of the studies 
reported a correlation between antimicrobial use and the MIC/
resistance rate (Dumont-Wallon et al., 2010; Song et al., 2011; Schafer 
et al., 2013; Fan et al., 2016; Karadag et al., 2021), as evidenced by the 
findings that there was a correlation between a history of tetracycline 
use and the MIC/resistance rate (Dumont-Wallon et al., 2010; Song 
et al., 2011; Fan et al., 2016; Nakase et al., 2020) and that there was a 
correlation between a history of ML use and the MIC/resistance rates 
(Dumont-Wallon et al., 2010; Schafer et al., 2013; Nakase et al., 2020). 
The results of this study revealed that Asia presented higher rates of 
antibiotic resistance in the ML class than did the other continents. 
China presented higher rates of antibiotic resistance in the ML class 
than did the other countries did, and a previous study investigated the 
correlation between rates of antibiotic resistance and reported sales of 
antimicrobial medicines in the eight European countries for which 
these data were reported. In European Union countries, MLS 
antibiotic resistance rates are correlated with the sales of their drugs 
(Oprica and Nord, 2005); thus, the abovementioned regions with 
higher resistance rates may be due to the misuse of such antibiotics in 
the region, but some studies have reported no correlation between 
antibiotic use history and MIC/resistance rates (Sheffer-Levi et al., 
2020; Koyanagi et al., 2023). In addition, a study reported significant 
differences in the percentage of resistance to oral versus topical 
antibiotics, with higher rates of resistance observed for topical 
antibiotics (Toyne et al., 2012).

Our study has several limitations. First, the majority of included 
studies originated from Asian regions, particularly China, which 
may introduce publication bias. Second, upon meta-analysis of 
pooled data, substantial heterogeneity was observed that could not 
be  fully explained by regional differences or variations in drug 
susceptibility testing methods. This heterogeneity may 
be influenced by patient-specific factors such as age, sex, medication 
history, and disease duration; however, insufficient data were 
available to assess these contributions definitively. Third, certain 
regions were underrepresented in the study, potentially 
exacerbating publication bias and introducing regional 
heterogeneity that was not fully captured. Future studies should 
prioritize larger, more geographically diverse datasets to address 
these limitations.

The novelties of this study are as follows: we  minimized the 
heterogeneity of the studies through more rational inclusion and 
exclusion criteria, including limited resistance criteria and methods of 
drug susceptibility test, conducted a more detailed regional breakdown 
of the subgroup analyses, performed regression analyses of the 
resistance rate of each antibiotic with respect to the year, and further 
generalized the relationship between cross-resistance and history of 
antibiotic use and the antibiotic resistance rate.

In summary, this research revealed differences in the resistance 
rates of different antibiotics, the diversity of the prevalence of 
antibiotic resistance in different regions, and the increase in some 
antibiotic resistance rates annually. This study highlights the complex 
prevalence of antibiotic resistance, which reflects the necessity of 
continuous monitoring of antibiotic resistance rates. The present study 
improves the systematic review and meta-analysis of resistance rates 

of C. acnes and provides a basis for the further rational use of 
antibiotics for the treatment of acne.

Conclusion

This study aimed to systematically assess the antibiotic 
resistance rates of C. acnes isolates from patients with acne through 
a meta-analysis approach, thereby providing a rational basis for 
optimizing antibiotic treatment strategies in acne management. 
Key findings revealed significantly elevated resistance rates of 
C. acnes to macrolides and clindamycin, particularly in China, 
which were notably higher compared to other regions. This 
disparity is likely attributable to the overuse of these antibiotics in 
clinical practice. Conversely, resistance rates to tetracyclines 
remain relatively low, supporting their continued use as first-line 
therapeutic options. Furthermore, temporal analysis revealed 
increasing resistance rates to levofloxacin, erythromycin, and 
clindamycin, underscoring the critical importance of prudent 
antibiotic stewardship. The regional variation in resistance rates 
highlights the necessity of implementing region-specific 
surveillance systems and tailoring antibiotic guidelines accordingly. 
These findings emphasize the urgent need to refine current 
antibiotic usage strategies and explore alternative treatment 
modalities to mitigate the spread of antimicrobial resistance. 
Future study should prioritize the analysis of larger, more 
geographically diverse datasets to elucidate the underlying factors 
contributing to variations in resistance rates. In summary, this 
study underscores the complex and regionally heterogeneous 
nature of C. acnes antibiotic resistance, advocating for continuous 
monitoring and evidence-based antibiotic prescribing practices to 
ensure effective acne management while minimizing resistance risk.

Data availability statement

The data that support the findings of this study are available from 
the corresponding author upon reasonable request.

Author contributions

CZ: Writing – original draft, Writing – review & editing. BW: 
Writing – review & editing. YL: Writing – review & editing. CW: 
Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

https://doi.org/10.3389/fmicb.2025.1565111
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org


Zhu et al. 10.3389/fmicb.2025.1565111

Frontiers in Microbiology 12 frontiersin.org

Generative AI statement

The authors declare that no Gen AI was used in the creation of 
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 

or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fmicb.2025.1565111/
full#supplementary-material

References
Abdel Fattah, N. S. A., and Darwish, Y. W. (2013). In vitro antibiotic susceptibility 

patterns of Propionibacterium acnes isolated from acne patients: an Egyptian university 
hospital-based study. J. Eur. Acad. Dermatol. Venereol. 27, 1546–1551. doi: 
10.1111/jdv.12057

Achermann, Y., Goldstein, E. J. C., Coenye, T., and Shirtliff, M. E. (2014). 
Propionibacterium acnes: from commensal to opportunistic biofilm-associated implant 
pathogen. Clin. Microbiol. Rev. 27, 419–440. doi: 10.1128/CMR.00092-13

Adler, B. L., Kornmehl, H., and Armstrong, A. W. (2017). Antibiotic resistance in acne 
treatment. JAMA Dermatol. 153, 810–811. doi: 10.1001/jamadermatol.2017.1297

Agak, G. W., Qin, M., Nobe, J., Kim, M., Krutzik, S. R., Tristan, G. R., et al. (2014). 
Propionibacterium acnes induces an IL-17 response in acne vulgaris that is regulated 
by vitamin a and vitamin D. J. Invest. Dermatol. 134, 366–373. doi: 
10.1038/jid.2013.334

Alkhawaja, E., Hammadi, S., Abdelmalek, M., Mahasneh, N., Alkhawaja, B., and 
Abdelmalek, S. M. (2020). Antibiotic resistant Cutibacterium acnes among acne patients 
in Jordan: a cross sectional study. BMC Dermatol. 20:17. doi: 
10.1186/s12895-020-00108-9

Alvarez-Munoz, M., Jerez-Olate, C., Opazo-Capurro, A., Alcantara-Dufeu, R., 
Bello-Toledo, H., Gonzalez-Rocha, G., et al. (2025). Whole-genome sequencing analysis 
of Cutibacterium spp. recovered from health care-associated endodontic infections. 
Arch. Oral Biol. 173:106207. doi: 10.1016/j.archoralbio.2025.106207

Alvarez-Sanchez, M., Rodriguez-Ayala, E., Ponce-Olivera, R. M., Tirado-Sanchez, A., 
and Arellano-Mendoza, M. I. (2016). Bacterial resistance in acne? A meta-analysis of 
the controversy. Cir. Cir. 84, 190–195. doi: 10.1016/j.circir.2015.08.005

Aoki, S., Nakase, K., Hayashi, N., Nakaminami, H., and Noguchi, N. (2021). Increased 
prevalence of doxycycline low-susceptible Cutibacterium acnes isolated from acne 
patients in Japan caused by antimicrobial use and diversification of tetracycline 
resistance factors. J. Dermatol. 48, 1365–1371. doi: 10.1111/1346-8138.15940

Aoki, S., Nakase, K., Hayashi, N., and Noguchi, N. (2019). Transconjugation of erm(X) 
conferring high-level resistance of clindamycin for Cutibacterium acnes. J. Med. 
Microbiol. 68, 26–30. doi: 10.1099/jmm.0.000875

Aoki, S., Nakase, K., Nakaminami, H., Wajima, T., Hayashi, N., and Noguchi, N. 
(2020). Transferable multidrug-resistance plasmid carrying a novel macrolide-
clindamycin resistance gene, erm(50), in Cutibacterium acnes. Antimicrob. Agents 
Chemother. 64:e01810-19. doi: 10.1128/AAC.01810-19

Barrenechea, V., Vargas-Reyes, M., Quiliano, M., and Milon, P. (2021). A 
complementary mechanism of bacterial mRNA translation inhibition by tetracyclines. 
Front. Microbiol. 12:682682. doi: 10.3389/fmicb.2021.682682

Beig, M., Shirazi, O., Ebrahimi, E., Banadkouki, A. Z., Golab, N., and Sholeh, M. 
(2024). Prevalence of antibiotic-resistant Cutibacterium acnes (formerly 
Propionibacterium acnes) isolates, a systematic review and meta-analysis. J. Glob. 
Antimicrob. Resist. 39, 82–91. doi: 10.1016/j.jgar.2024.07.005

Boni, L., Kuster, S. P., Bartik, B., Zbinden, R., Zingg, P. O., and Achermann, Y. (2018). 
Association of Cutibacterium avidum colonization in the groin with obesity: a potential 
risk factor for hip periprosthetic joint infection. Clin. Infect. Dis. 67, 1878–1882. doi: 
10.1093/cid/ciy379

Borenstein, M., Hedges, L. V., Higgins, J. P. T., and Rothstein, H. R. (2010). A basic 
introduction to fixed-effect and random-effects models for meta-analysis. Res. Synth. 
Methods 1, 97–111. doi: 10.1002/jrsm.12

Broly, M., Ruffier D'Epenoux, L., Guillouzouic, A., Le Gargasson, G., Juvin, M., 
Leroy, A. G., et al. (2020). Propionibacterium/Cutibacterium species-related positive 
samples, identification, clinical and resistance features: a 10-year survey in a French 
hospital. Eur. J. Clin. Microbiol. Infect. Dis. 39, 1357–1364. doi: 
10.1007/s10096-020-03852-5

Castellanos Lorduy, H. J., Perez Cely, H. C., Casadiego Rincon, E. J., Henao 
Riveros, S. C., and Colorado, C. L. (2021). Cutibacterium acnes tetracycline resistance 
profile in patients with acne vulgaris, in a Colombian dermatologic center. Actas 
Dermosifiliogr. (Engl. Ed.). 112, 873–880. doi: 10.1016/j.ad.2021.05.004

Clinical and Laboratory Standards Institute Performance Standards for Antimicrobial 
Susceptibility Testing (2018). 28th informational supplement. CLSI M100-S28. Wayne, 
PA: Clinical and Laboratory Standards Institute.

Cong, T., Hao, D., Wen, X., Li, X., He, G., and Jiang, X. (2019). From pathogenesis of 
acne vulgaris to anti-acne agents. Arch. Dermatol. Res. 311, 337–349. doi: 
10.1007/s00403-019-01908-x

Connell, S. R., Tracz, D. M., Nierhaus, K. H., and Taylor, D. E. (2003). Ribosomal 
protection proteins and their mechanism of tetracycline resistance. Antimicrob. Agents 
Chemother. 47, 3675–3681. doi: 10.1128/AAC.47.12.3675-3681.2003

Corbisiero, M. F., Batta, N., Kyllo, H., Smyth, A., Allen, L., and Franco-Paredes, C. 
(2023). Clinical spectrum of Cutibacterium acnes infections: the SAPHO syndrome. 
Idcases 32:e1784. doi: 10.1016/j.idcr.2023.e01784

Dall'Oglio, F., Puglisi, D. F., Nasca, M. R., and Micali, G. (2020). Acne fulminans. G. 
Ital. Dermatol. Venereol. 155, 711–718. doi: 10.23736/S0392-0488.20.06711-5

Dekio, I., Asahina, A., and Shah, H. N. (2021). Unravelling the eco-specificity and 
pathophysiological properties of Cutibacterium species in the light of recent taxonomic 
changes. Anaerobe 71:102411. doi: 10.1016/j.anaerobe.2021.102411

DerSimonian, R., and Laird, N. (1986). Meta-analysis in clinical trials. Control. Clin. 
Trials 7, 177–188. doi: 10.1016/0197-2456(86)90046-2

Di Lodovico, S., Fasciana, T., Di Giulio, M., Cellini, L., Giammanco, A., 
Rossolini, G. M., et al. (2022). Spread of multidrug-resistant microorganisms. 
Antibiotics-Basel 11:832. doi: 10.3390/antibiotics11070832

Dreno, B., Dagnelie, M. A., Khammari, A., and Corvec, S. (2020). The skin 
microbiome: a new actor in inflammatory acne. Am. J. Clin. Dermatol. 21, 18–24. doi: 
10.1007/s40257-020-00531-1

Dreno, B., Pecastaings, S., Corvec, S., Veraldi, S., Khammari, A., and Roques, C. 
(2018). Cutibacterium acnes (Propionibacterium acnes) and acne vulgaris: a brief look 
at the latest updates. J. Eur. Acad. Dermatol. Venereol. 32, 5–14. doi: 10.1111/jdv.15043

Dumont-Wallon, G., Moyse, D., Blouin, E., and Dreno, B. (2010). Bacterial resistance 
in French acne patients. Int. J. Dermatol. 49, 283–288. doi: 
10.1111/j.1365-4632.2009.04270.x

Egger, M., Davey Smith, G., Schneider, M., and Minder, C. (1997). Bias in meta-
analysis detected by a simple, graphical test. BMJ 315, 629–634. doi: 
10.1136/bmj.315.7109.629

European Committee on Antimicrobial Susceptibility Testing Breakpoint Tables for 
Interpretation of MICs and Zone Diameters, (2019). European committee on 
antimicrobial susceptibility testing breakpoint tables for interpretation of MICs and zone 
diameters. Version 9.0.

Fan, Y., Hao, F., Wang, W., Lu, Y., He, L., Wang, G., et al. (2016). Multicenter cross-
sectional observational study of antibiotic resistance and the genotypes of 
Propionibacterium acnes isolated from Chinese patients with acne vulgaris. J. Dermatol. 
43, 406–413. doi: 10.1111/1346-8138.13149

Gajdacs, M., Spengler, G., and Urban, E. (2017). Identification and antimicrobial 
susceptibility testing of anaerobic bacteria: Rubik's cube of clinical microbiology? 
Antibiotics-Basel 6:25. doi: 10.3390/antibiotics6040025

Habeshian, K. A., and Cohen, B. A. (2020). Current issues in the treatment of acne 
vulgaris. Pediatrics 145, S225–S230. doi: 10.1542/peds.2019-2056L

Hayashi, N., Akamatsu, H., Iwatsuki, K., Shimada-Omori, R., Kaminaka, C., 
Kurokawa, I., et al. (2018). Japanese dermatological association guidelines: guidelines 
for the treatment of acne vulgaris 2017. J. Dermatol. 45, 898–935. doi: 
10.1111/1346-8138.14355

Higgins, J. P. T., Thompson, S. G., Deeks, J. J., and Altman, D. G. (2003). 
Measuring inconsistency in meta-analyses. BMJ 327, 557–560. doi: 
10.1136/bmj.327.7414.557

Isabel Cristina, R., and Diego, P. (2025). Cutibacterium avidum: a virulent pathogen 
in esthetic surgery infection, a case series. Anaerobe 92:102944. doi: 10.1016/j. 
anaerobe.2025.102944

https://doi.org/10.3389/fmicb.2025.1565111
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1565111/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fmicb.2025.1565111/full#supplementary-material
https://doi.org/10.1111/jdv.12057
https://doi.org/10.1128/CMR.00092-13
https://doi.org/10.1001/jamadermatol.2017.1297
https://doi.org/10.1038/jid.2013.334
https://doi.org/10.1186/s12895-020-00108-9
https://doi.org/10.1016/j.archoralbio.2025.106207
https://doi.org/10.1016/j.circir.2015.08.005
https://doi.org/10.1111/1346-8138.15940
https://doi.org/10.1099/jmm.0.000875
https://doi.org/10.1128/AAC.01810-19
https://doi.org/10.3389/fmicb.2021.682682
https://doi.org/10.1016/j.jgar.2024.07.005
https://doi.org/10.1093/cid/ciy379
https://doi.org/10.1002/jrsm.12
https://doi.org/10.1007/s10096-020-03852-5
https://doi.org/10.1016/j.ad.2021.05.004
https://doi.org/10.1007/s00403-019-01908-x
https://doi.org/10.1128/AAC.47.12.3675-3681.2003
https://doi.org/10.1016/j.idcr.2023.e01784
https://doi.org/10.23736/S0392-0488.20.06711-5
https://doi.org/10.1016/j.anaerobe.2021.102411
https://doi.org/10.1016/0197-2456(86)90046-2
https://doi.org/10.3390/antibiotics11070832
https://doi.org/10.1007/s40257-020-00531-1
https://doi.org/10.1111/jdv.15043
https://doi.org/10.1111/j.1365-4632.2009.04270.x
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1111/1346-8138.13149
https://doi.org/10.3390/antibiotics6040025
https://doi.org/10.1542/peds.2019-2056L
https://doi.org/10.1111/1346-8138.14355
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1016/j.anaerobe.2025.102944
https://doi.org/10.1016/j.anaerobe.2025.102944


Zhu et al. 10.3389/fmicb.2025.1565111

Frontiers in Microbiology 13 frontiersin.org

Ishida, N., Nakaminami, H., Noguchi, N., Kurokawa, I., Nishijima, S., and Sasatsu, M. 
(2008). Antimicrobial susceptibilities of Propionibacterium acnes isolated from patients 
with acne vulgaris. Microbiol. Immunol. 52, 621–624. doi: 10.1111/j. 
1348-0421.2008.00081.x

Jahns, A. C., Eilers, H., and Alexeyev, O. A. (2016). Transcriptomic analysis of 
Propionibacterium acnes biofilms in  vitro. Anaerobe 42, 111–118. doi: 
10.1016/j.anaerobe.2016.10.001

Karadag, A. S., Aslan Kayiran, M., Wu, C., Chen, W., and Parish, L. C. (2021). 
Antibiotic resistance in acne: changes, consequences and concerns. J. Eur. Acad. 
Dermatol. Venereol. 35, 73–78. doi: 10.1111/jdv.16686

Koizumi, J., Nakase, K., and Nakaminami, H. (2022). Identification of a transferable 
linear plasmid carrying the macrolide-clindamycin resistance gene erm(X) in a 
Cutibacterium acnes isolate from a patient with acne vulgaris in Japan. Microbiol. Resour. 
Announc. 11:e9422. doi: 10.1128/mra.00094-22

Koyama, T., Ohji, G., Nishida, M., Nishimura, S., Shirasugi, I., Ohnuma, K., et al. 
(2022). A case report of native vertebral osteomyelitis caused by Cutibacterium 
modestum. BMC Infect. Dis. 22:367. doi: 10.1186/s12879-022-07341-2

Koyanagi, S., Koizumi, J., Nakase, K., Hayashi, N., Horiuchi, Y., Watanabe, K., et al. 
(2023). Increased frequency of clindamycin-resistant Cutibacterium acnes strains 
isolated from Japanese patients with acne vulgaris caused by the prevalence of exogenous 
resistance genes. J. Dermatol. 50, 793–799. doi: 10.1111/1346-8138.16757

Kulczycka-Mierzejewska, K., Sadlej, J., and Trylska, J. (2018). Molecular dynamics 
simulations suggest why the A2058G mutation in 23S RNA results in bacterial resistance 
against clindamycin. J. Mol. Model. 24:191. doi: 10.1007/s00894-018-3689-5

Kuritz, S. J., Landis, J. R., and Koch, G. G. (1988). A general overview of mantel-
Haenszel methods: applications and recent developments. Annu. Rev. Public Health 9, 
123–160. doi: 10.1146/annurev.pu.09.050188.001011

Kusejko, K., Aunon, A., Jost, B., Natividad, B., Strahm, C., Thurnheer, C., et al. (2021). 
The impact of surgical strategy and rifampin on treatment outcome in Cutibacterium 
periprosthetic joint infections. Clin. Infect. Dis. 72, e1064–e1073. doi: 10.1093/ 
cid/ciaa1839

Lee, Y. B., Byun, E. J., and Kim, H. S. (2019). Potential role of the microbiome in acne: 
a comprehensive review. J. Clin. Med. 8:987. doi:10.3390/jcm8070987

Luk, N. T., Hui, M., Lee, H. S., Fu, L. H., Liu, Z. H., Lam, L. Y., et al. (2013). Antibiotic-
resistant Propionibacterium acnes among acne patients in a regional skin Centre in Hong 
Kong. J. Eur. Acad. Dermatol. Venereol. 27, 31–36. doi: 10.1111/j.1468-3083.2011.04351.x

Ma, Y., Zhang, N., Wu, S., Huang, H., and Cao, Y. (2016). Antimicrobial activity of 
topical agents against Propionibacterium acnes: an in vitro study of clinical isolates from 
a hospital in Shanghai, China. Front. Med. 10, 517–521. doi: 10.1007/s11684-016-0480-9

McHugh, M. L. (2012). Interrater reliability: the kappa statistic. J. Clin. Densitom. 22, 
276–282. doi: 10.1016/j.jocd.2012.03.005

Mendoza, N., Hernandez, P. O., Tyring, S. K., Haitz, K. A., and Motta, A. (2013). 
Antimicrobial susceptibility of Propionibacterium acnes isolates from acne patients in 
Colombia. Int. J. Dermatol. 52, 688–692. doi: 10.1111/j.1365-4632.2011.05403.x

Mias, C., Chansard, N., Maitre, M., Galliano, M. F., Garidou, L., Mengeaud, V., et al. 
(2023). Myrtus communis and Celastrol enriched plant cell culture extracts control 
together the pivotal role of Cutibacterium acnes and inflammatory pathways in acne. J. 
Eur. Acad. Dermatol. Venereol. 37, 12–19. doi: 10.1111/jdv.18793

Munn, Z., Moola, S., Lisy, K., Riitano, D., and Tufanaru, C. (2015). Methodological 
guidance for systematic reviews of observational epidemiological studies reporting 
prevalence and cumulative incidence data. Int. J. Evid. Based Healthc. 13, 147–153. doi: 
10.1097/XEB.0000000000000054

Nagy, E., Boyanova, L., and Justesen, U. S. (2018). How to isolate, identify and 
determine antimicrobial susceptibility of anaerobic bacteria in routine laboratories. Clin. 
Microbiol. Infect. 24, 1139–1148. doi: 10.1016/j.cmi.2018.02.008

Nagy, I., Pivarcsi, A., Koreck, A., Szell, M., Urban, E., and Kemeny, L. (2005). Distinct 
strains of Propionibacterium acnes induce selective human beta-defensin-2 and 
interleukin-8 expression in human keratinocytes through toll-like receptors. J. Invest. 
Dermatol. 124, 931–938. doi: 10.1111/j.0022-202X.2005.23705.x

Nakase, K., Aoki, S., Sei, S., Fukumoto, S., Horiuchi, Y., Yasuda, T., et al. (2020). 
Characterization of acne patients carrying clindamycin-resistant Cutibacterium 
acnes: a Japanese multicenter study. J. Dermatol. 47, 863–869. doi: 
10.1111/1346-8138.15397

Nakase, K., Hayashi, N., Akiyama, Y., Aoki, S., and Noguchi, N. (2017a). Antimicrobial 
susceptibility and phylogenetic analysis of Propionibacterium acnes isolated from acne 
patients in Japan between 2013 and 2015. J. Dermatol. 44, 1248–1254. doi: 
10.1111/1346-8138.13913

Nakase, K., Nakaminami, H., Takenaka, Y., Hayashi, N., Kawashima, M., and 
Noguchi, N. (2017b). Propionibacterium acnes is developing gradual increase in 
resistance to oral tetracyclines. J. Med. Microbiol. 66, 8–12. doi: 
10.1099/jmm.0.000392

Nakase, K., Okamoto, Y., Aoki, S., and Noguchi, N. (2018). Long-term administration 
of oral macrolides for acne treatment increases macrolide-resistant Propionibacterium 
acnes. J. Dermatol. 45, 340–343. doi: 10.1111/1346-8138.14178

Nakase, K., Sakuma, Y., Nakaminami, H., and Noguchi, N. (2016). Emergence of 
fluoroquinolone-resistant Propionibacterium acnes caused by amino acid substitutions 

of DNA gyrase but not DNA topoisomerase IV. Anaerobe 42, 166–171. doi: 
10.1016/j.anaerobe.2016.10.012

National Committee for Clinical Laboratory Standards Methods for Antimicrobial 
Susceptibility Testing of Anaerobic Bacteria (2004). Approved standards. 6th Edn. 
NCCLS M11-A6. Wayne, PA: Clinical and Laboratory Standards Institute.

Nenoff, P., Haustein, U., and Hittel, N. (2004). Activity of nadifloxacin (OPC-7251) and 
seven other antimicrobial agents against aerobic and anaerobic gram-positive bacteria 
isolated from bacterial skin infections. Chemotherapy 50, 196–201. doi: 10.1159/000081032

Ogawara, H. (2019). Comparison of antibiotic resistance mechanisms in antibiotic-
producing and pathogenic bacteria. Molecules 24:3430. doi: 10.3390/molecules24193430

Oprica, C., and Nord, C. E. (2005). European surveillance study on the antibiotic 
susceptibility of Propionibacterium acnes. Clin. Microbiol. Infect. 11, 204–213. doi: 
10.1111/j.1469-0691.2004.01055.x

Perret, L. J., and Tait, C. P. (2014). Non-antibiotic properties of tetracyclines and their 
clinical application in dermatology. Australas. J. Dermatol. 55, 111–118. doi: 
10.1111/ajd.12075

Platsidaki, E., and Dessinioti, C. (2018). Recent advances in understanding 
Propionibacterium acnes (Cutibacterium acnes) in acne. F1000Res 7:1953. doi: 
10.12688/f1000research.15659.1

Poudel, A., Oludiran, A., Sozer, E. B., Casciola, M., Purcell, E. B., and Muratori, C. 
(2021). Growth in a biofilm sensitizes Cutibacterium acnes to nanosecond pulsed electric 
fields. Bioelectrochemistry 140:107797. doi: 10.1016/j.bioelechem.2021.107797

Reynolds, R. V., Yeung, H., Cheng, C. E., Cook-Bolden, F., Desai, S. R., Druby, K. M., 
et al. (2024). Guidelines of care for the management of acne vulgaris. J. Am. Acad. 
Dermatol. 90, 1006.e1–1006.e30. doi: 10.1016/j.jaad.2023.12.017

Ross, J. I., Eady, E. A., Carnegie, E., and Cove, J. H. (2002). Detection of transposon 
Tn5432-mediated macrolide-lincosamide-streptogramin B (MLSB) resistance in 
cutaneous propionibacteria from six European cities. J. Antimicrob. Chemother. 49, 
165–168. doi: 10.1093/jac/49.1.165

Ross, J. I., Snelling, A. M., Carnegie, E., Coates, P., Cunliffe, W. J., Bettoli, V., et al. 
(2003). Antibiotic-resistant acne: lessons from Europe. Br. J. Dermatol. 148, 467–478. 
doi: 10.1046/j.1365-2133.2003.05067.x

Ruffier D'Epenoux, L., Fayoux, E., Veziers, J., Dagnelie, M., Khammari, A., Dreno, B., 
et al. (2024). Biofilm of Cutibacterium acnes: a target of different active substances. Int. 
J. Dermatol. 63, 1541–1550. doi: 10.1111/ijd.17194

Samuels, D. V., Rosenthal, R., Lin, R., Chaudhari, S., and Natsuaki, M. N. (2020). Acne 
vulgaris and risk of depression and anxiety: a meta-analytic review. J. Am. Acad. 
Dermatol. 83, 532–541. doi: 10.1016/j.jaad.2020.02.040

Savoldi, A., Carrara, E., Graham, D. Y., Conti, M., and Tacconelli, E. (2018). Prevalence 
of antibiotic resistance in Helicobacter pylori: a systematic review and meta-analysis in 
World Health Organization regions. Gastroenterology 155, 1372–1382.e17. doi: 
10.1053/j.gastro.2018.07.007

Schafer, F., Fich, F., Lam, M., Garate, C., Wozniak, A., and Garcia, P. (2013). Antimicrobial 
susceptibility and genetic characteristics of Propionibacterium acnes isolated from patients 
with acne. Int. J. Dermatol. 52, 418–425. doi: 10.1111/j.1365-4632.2011.05371.x

Shamseer, L., Moher, D., Clarke, M., Ghersi, D., Liberati, A., Petticrew, M., et al. 
(2015). Preferred reporting items for systematic review and meta-analysis protocols 
(PRISMA-P) 2015: elaboration and explanation. BMJ 349:g7647. doi: 10.1136/bmj.g7647

Sheffer-Levi, S., Rimon, A., Lerer, V., Shlomov, T., Coppenhagen-Glazer, S., Rakov, C., 
et al. (2020). Antibiotic susceptibility of Cutibacterium acnes strains isolated from Israeli 
acne patients. Acta Derm. Venereol. 100:adv00295. doi: 10.2340/00015555-3654

Song, M., Seo, S., Ko, H., Oh, C., Kwon, K., Chang, C. L., et al. (2011). Antibiotic 
susceptibility of Propionibacterium acnes isolated from acne vulgaris in Korea. J. 
Dermatol. 38, 667–673. doi: 10.1111/j.1346-8138.2010.01109.x

Stuck, A. E., Rubenstein, L. Z., and Wieland, D. (1998). Bias in meta-analysis detected 
by a simple, graphical test. asymmetry detected in funnel plot was probably due to true 
heterogeneity. BMJ 316, 469, 470–471.

Sutcliffe, J., McLaughlin, R., Webster, G., Read, A. F., Drlica, K., Elliott, R., et al. (2020). 
Susceptibility of Cutibacterium acnes to topical minocycline foam. Anaerobe 62:102169. 
doi: 10.1016/j.anaerobe.2020.102169

Szemraj, M., Kwaszewska, A., and Szewczyk, E. M. (2018). New gene responsible for 
resistance of clinical Corynebacteria to macrolide, lincosamide and streptogramin B. Pol. 
J. Microbiol. 67, 237–240. doi: 10.21307/pjm-2018-028

Thiboutot, D., Dreno, B., Sanders, V., Rueda, M. J., and Gollnick, H. (2020). Changes 
in the management of acne: 2009-2019. J. Am. Acad. Dermatol. 82, 1268–1269. doi: 
10.1016/j.jaad.2019.04.012

Toyne, H., Webber, C., Collignon, P., Dwan, K., and Kljakovic, M. (2012). 
Propionibacterium acnes (P. acnes) resistance and antibiotic use in patients attending 
Australian general practice. Australas. J. Dermatol. 53, 106–111. doi: 
10.1111/j.1440-0960.2011.00867.x

von Hippel, P. T. (2015). The heterogeneity statistic I2 can be biased in small meta-
analyses. BMC Med. Res. Methodol. 15:35. doi: 10.1186/s12874-015-0024-z

Xu, H., and Li, H. (2019). Acne, the skin microbiome, and antibiotic treatment. Am. 
J. Clin. Dermatol. 20, 335–344. doi: 10.1007/s40257-018-00417-3

https://doi.org/10.3389/fmicb.2025.1565111
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1111/j.1348-0421.2008.00081.x
https://doi.org/10.1111/j.1348-0421.2008.00081.x
https://doi.org/10.1016/j.anaerobe.2016.10.001
https://doi.org/10.1111/jdv.16686
https://doi.org/10.1128/mra.00094-22
https://doi.org/10.1186/s12879-022-07341-2
https://doi.org/10.1111/1346-8138.16757
https://doi.org/10.1007/s00894-018-3689-5
https://doi.org/10.1146/annurev.pu.09.050188.001011
https://doi.org/10.1093/cid/ciaa1839
https://doi.org/10.1093/cid/ciaa1839
https://doi.org/10.3390/jcm8070987
https://doi.org/10.1111/j.1468-3083.2011.04351.x
https://doi.org/10.1007/s11684-016-0480-9
https://doi.org/10.1016/j.jocd.2012.03.005
https://doi.org/10.1111/j.1365-4632.2011.05403.x
https://doi.org/10.1111/jdv.18793
https://doi.org/10.1097/XEB.0000000000000054
https://doi.org/10.1016/j.cmi.2018.02.008
https://doi.org/10.1111/j.0022-202X.2005.23705.x
https://doi.org/10.1111/1346-8138.15397
https://doi.org/10.1111/1346-8138.13913
https://doi.org/10.1099/jmm.0.000392
https://doi.org/10.1111/1346-8138.14178
https://doi.org/10.1016/j.anaerobe.2016.10.012
https://doi.org/10.1159/000081032
https://doi.org/10.3390/molecules24193430
https://doi.org/10.1111/j.1469-0691.2004.01055.x
https://doi.org/10.1111/ajd.12075
https://doi.org/10.12688/f1000research.15659.1
https://doi.org/10.1016/j.bioelechem.2021.107797
https://doi.org/10.1016/j.jaad.2023.12.017
https://doi.org/10.1093/jac/49.1.165
https://doi.org/10.1046/j.1365-2133.2003.05067.x
https://doi.org/10.1111/ijd.17194
https://doi.org/10.1016/j.jaad.2020.02.040
https://doi.org/10.1053/j.gastro.2018.07.007
https://doi.org/10.1111/j.1365-4632.2011.05371.x
https://doi.org/10.1136/bmj.g7647
https://doi.org/10.2340/00015555-3654
https://doi.org/10.1111/j.1346-8138.2010.01109.x
https://doi.org/10.1016/j.anaerobe.2020.102169
https://doi.org/10.21307/pjm-2018-028
https://doi.org/10.1016/j.jaad.2019.04.012
https://doi.org/10.1111/j.1440-0960.2011.00867.x
https://doi.org/10.1186/s12874-015-0024-z
https://doi.org/10.1007/s40257-018-00417-3


Zhu et al. 10.3389/fmicb.2025.1565111

Frontiers in Microbiology 14 frontiersin.org

Yang, S. S., Long, V., Liau, M. M., Lee, S. H., Toh, M., Teo, J., et al. (2018). A profile of 
Propionibacterium acnes resistance and sensitivity at a tertiary dermatological Centre in 
Singapore. Br. J. Dermatol. 179, 200–201. doi: 10.1111/bjd.16380

Yasutomi, E., Ueda, Y., Asaji, N., Yamamoto, A., Yoshida, R., Hatazawa, Y., et al. (2021). 
Liver abscess caused by Cutibacterium namnetense after transarterial chemoembolization 
for hepatocellular carcinoma. Clin. J. Gastroenterol. 14, 246–250. doi: 
10.1007/s12328-020-01283-5

Zhang, N., Lu, Z., and Ma, Y. (2017). Draft genome sequences of three multidrug-
resistant Cutibacterium (formerly Propionibacterium) acnes strains isolated from acne 
patients, China. J. Glob. Antimicrob. Resist. 11, 114–115. doi: 10.1016/j.jgar.2017.10.008

Zhu, T., Zhu, W., Wang, Q., He, L., Wu, W., Liu, J., et al. (2019). Antibiotic susceptibility 
of Propionibacterium acnes isolated from patients with acne in a public hospital in 
Southwest China: prospective cross-sectional study. BMJ Open 9:e22938. doi: 
10.1136/bmjopen-2018-022938

https://doi.org/10.3389/fmicb.2025.1565111
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org
https://doi.org/10.1111/bjd.16380
https://doi.org/10.1007/s12328-020-01283-5
https://doi.org/10.1016/j.jgar.2017.10.008
https://doi.org/10.1136/bmjopen-2018-022938

	Antibiotic resistance rates in Cutibacterium acnes isolated from patients with acne vulgaris: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategy
	Inclusion and exclusion criteria
	Data extraction and quality assessment
	Data analysis

	Results
	Summary statistics
	Resistance rates of Cutibacterium acnes to various antibiotics
	Quinolone resistance rates in Cutibacterium acnes
	Macrolide resistance rates in Cutibacterium acnes
	Lincosamide resistance rates in Cutibacterium acnes
	Tetracycline resistance rates in Cutibacterium acnes
	Chloramphenicol resistance rates in Cutibacterium acnes
	TMP-SMX resistance rates in Cutibacterium acnes
	Publication bias

	Discussion
	Conclusion

	References

