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Introduction

The skin, like the gut and other body tissues, is colonized 
by a dense symbiotic microbial community, which form 
numerous communities and occupy different cutaneous 
environmental niches (1). Skin microorganisms have 
essential roles in protecting against invading pathogens, 
educating the immune system and breaking down natural 
products (2). They vary depending on the individual, body 

site, age, and disease status (3). Many common skin diseases, 
including acne vulgaris, are related to changes in the 
microbiota, known as dysbiosis (4), which are often driven 
by common commensal species (2).

Acne vulgaris (commonly called acne) is a chronic 
recurrent inflammatory skin disease that typically starts in 
early puberty. It entails increased facial sebum production 
resulting in the formation of mid-facial comedones and 
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subsequently, inflammatory lesions (5). Broadly, acne affects 
85% of adolescents and young adults, and approximately 
20% of cases are reported to be moderate or severe (6). 
There are 4 main factors that contribute to the pathogenesis 
of acne: increased sebum production, inflammatory 
mediators in the skin, alterations in the keratinization 
process, and follicular colonization by Propionibacterium 
acnes (P. acnes).

Although the association between P. acnes and acne 
vulgaris has been confirmed, few studies have investigated 
the entire facial skin microbiota of acne patients. Hence, 
the relationship between skin microorganisms and acne has 
yet to be fully elucidated. Different from some previous 
reports (7,8), our research focuses on the population in east 
of China. The present study aimed to detect the differences 
in the bacterial microbiota of patients with acne and 
healthy controls (HCs). We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://dx.doi.org/10.21037/apm-21-1482).

Methods 

Study participants

This study included 16 patients diagnosed with acne 
vulgaris (11 males and 5 females) and 5 HCs (3 males 
and 2 females). All participants were recruited from the 
Second Affiliated Hospital of Nantong University. Mild, 
moderate, and severe acne were defined as S1, S2, and 
S3, respectively, in line with the criteria of the Japanese 
Acne Study Group (9). The participants ranged in age 
from 16 to 30 years old. All participants included in this 
study were treatment-naïve, having never received any oral 
medicine for their condition (e.g., antibiotics, isotretinoin, 
herbs). Written informed consent was obtained from each 
participant before enrolment. All procedures performed in 
this study involving human participants were in accordance 
with the Declaration of Helsinki. The study was approved 
by the ethics committee of the Second Affiliated Hospital 
of Nantong University (No: 2019YKS059) and informed 
consent was taken from all the patients.

Microbiota sampling

Participants avoided cleansing the skin, deodorants, make-
up, and applying ointment within 24 hours before sampling. 
And the operator wore sterile gloves during performing 
the sampling process. Depending on the location of the 

acne lesions, skin microbiota samples were collected from 
the cheeks, brow, forehead, neck, chin, or chest of the 
participants with sterile cotton swabs. The sampling site 
was scrubbed 20 times with the cotton swab: 10 times in 1 
direction and 10 times perpendicular to the first direction. 
The swabs were placed on a phosphate buffered saline 
solution and stored immediately at –20 ℃ ahead of DNA 
extraction.

DNA extraction, PCR amplification, and sequencing.

DNA was extracted from the samples using the DNeasy 
PowerSoil Kit (QIAGEN, # 12888-100) following the 
manufacturer’s instructions. The V3-V4 region of the 16S 
ribosomal RNA (rRNA) gene was amplified by PCR using 
forward primer 343F and reverse primer 798R (10). After 
purification and recovery, PCR products were barcoded and 
quantified with a QuantiFluor-ST Fluorometer (Promega, 
USA) and then mixed for sequencing. Sequencing was 
obtained on the Illumina®MiSeq sequencer (Illumina, 
San Diego, CA, USA) by OE Biotech Co, Ltd. (Shanghai, 
China).

Sequence data analysis

QIIME 1.9.1 was used to process the resulting sequence 
data (11). Briefly, high quality (quality value >25) 
sequence data derived from the sequencing process were 
demultiplexed. Operational taxonomic units (OTUs) with 
97% sequence similarity were obtained with USEARCH. 
All representative reads were annotated and blasted against 
Greengens using the RDP Classifier. Principle component 
analysis (PCA) was conducted to assess the variation 
between the experimental groups. The alpha diversity of all 
samples was calculated. Analysis of similarities (ANOSIM) 
and Pearson’s correlation analysis were conducted with R.

Statistical analysis

Data were expressed as mean ± standard deviation  
(SD) (12). Differences in the OTUs of patients with 
acne and HCs were used by the Wilcoxon test (P<0.05). 
Probability values <0.05 were taken to indicate statistical 
s igni f icance .  Al l  ana lyses  were  performed us ing 
GraphPad Prism version 7.0(GraphPad Software Co, 
USA). Statistically significant differences (P<0.05) in the 
component of skin microbial community between patients 
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with acne and HCs were determined using the non-
parametric statistical test ANOSIM.

Results

Background characteristics of study cohort

This study included 16 patients with acne and 5 HCs, 
whose background characteristics are shown in Table 1. The 
study participants ranged in age from 16 to 30 years old; the 
average age was 22.5 and 22.4 years old in the acne and HC 
groups, respectively. In the patient group, there were 4, 8, 
and 4 cases of mild, moderate, and severe acne, respectively. 
Sample collection sites included the cheek (n=7), forehead 
(n=9), brow (n=1), neck (n=2), chest (n=1), and chin (n=1) 
(Table S1). All skin samples met the standard for analysis. 
No participants withdrew from the study, and there were no 
missing data. 

Patients with acne have increased gut microbiota diversity

Sequencing of 16S rRNA genes from variable regions 

V3-V4 of the skin samples was performed using Illumina 
MiSeq platforms. A total of 1,372,031 clean reads were 
obtained, with an average of 65,335±3,769 reads per sample 
after removing unqualified sequences. Shannon index 
analysis showed that the depth of sequencing covered rare 
new phylotypes and most microbial diversity (Figure 1A). 
Compared with the HC group, the acne group exhibited 
significantly increased microbial diversity, as calculated by 
the Shannon diversity index (P<0.001, Figure 1B).

Bacterial taxa differences between patients with acne and 
HCs

PCA analysis was employed to obtain a comprehensive 
insight into the microbiota of patients with acne. The 
results of the acne and HC groups were mainly distributed 
in 2 clusters (Figure 2A). The clustering of the microbiota 
composition of the acne group was different from that of 
the HC group, suggesting distinct community constitutions 
between two groups. ARISA-based ANOSIM of the  
2 groups further confirmed that the intergroup disparities 
were more remarkable (R=0.8123, P<0.001) than intragroup 
disparities, indicating a significant difference in the skin 
microbiota of the acne group and HC group. Other 
factors were also included in the PCA analysis, including 
sampling sites (Figure 2B), sex (Figure 2C), and acne severity  
(Figure 2D); however, a lack of distinct clustering between 
groups and only a small degree of difference in the 
ANOSIM results (Table S2) indicated that these factors 

Table 1 Background characteristics of patients with acne and 
healthy controls

Factors Normal Acne P value

Sex (F/M) 5 (2/3) 16 (5/11)

Age, years, mean ± SD 22.4±5.55 22.50±4.34 0.97

Figure 1 Shannon diversity indexes of acne and HC samples. (A) Shannon diversity curve. (B) Box plot of Simpson diversity index between 
the acne and HC groups. HC, healthy control.
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did not have a major influence on the skin microbiota 
composition of participants in this study.

To further investigate the differences in bacterial 
composition between the groups, the bacterial taxa in the 
phylum and genus levels of samples were plotted (Figure 3). 
Compared with the HC group, the abundance of Firmicutes 
was increased and that of Proteobacteria was reduced in the 
acne group. Furthermore, at the genus level, Acinetobacter 
showed a sharp reduction and many other species showed 
considerable turbulence in the acne group.

OTU-level analysis of the skin microbiota of patients with 
acne and HCs

A total of 7303 OTUs were detected in the samples from 
the patients with acne and HCs. By comparing the OTUs 
between samples from the 2 groups, we found 2458 shared 
OTUs, 3833 OTUs which were unique to acne samples, 
and 1011 OTUs which were unique to HC samples  
(Figure 4A). OTU535601 (Lachnospiraceae), OTU4460604 
(C los t r id i a l e s ) ,  OTU3217705  (Moraxe l l a ceae ) , 
OTU1066814 (Prevotella), and OTU455671 (Lactococcus 

Figure 2 PCA analysis of microbiota between samples. (A) PCA plot between the acne and HC samples. (B) PCA plot between body parts. 
(C) PCA plot between female and male participants. (D) PCA plot of acne samples classified by disease severity. PCA, principal component 
analysis; HC, healthy control.
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Figure 3 Bacterial community composition of samples. (A) Bacterial community composition at the phylum level. (B) Bacterial community 
composition at the genus level.
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garvieae) were the top 5 most abundant species in the acne 
group but were not found in the HC samples. OTU423327 
(Achromobacter), OTU4423360 (Stenotrophomonas), 
OTU993127 (Porphyromonas), OTU677680 (Prevotella), 
and OTU269901 (Pseudomonas) were the top 5 most 
abundant species in the HC group but were not found in 
samples from the acne group (Figure 4B). To distinguish 
the specific characteristic bacteria in the 2 groups, high-
quality sequence data were analyzed with the Statistical 
Analyses of Metagenomic Profiles (STAMP) software 
(Python 2.6.4). Compared with HC samples, samples from 
patients with acne exhibited 148 markedly altered OTUs 
(P<0.05), of which 69 were increased and 79 were decreased  
(Figure 4C ) .  The samples from the acne and HC 

groups could be accurately distinguished based on the 
characteristics of the differentially expressed OTUs  
(Figure 4D).

Discussion

The treatments of acne include topical drugs, oral 
drugs and physical therapy. Different treatments are 
selected according to the different grades of acne and the 
manifestations of different skin lesions. At present, topical 
antibacterial preparations and oral antibacterial drugs, 
such as benzoyl peroxide, fusidic acid, and tetracyclines, 
still have a prominent position in the treatment of acne. 
In physical therapy, the red/blue light and photodynamic 

Figure 4 OUT-level analysis of the skin microbiota of patients with acne and HCs. (A) Venn analysis of bacterial OTU composition 
between acne and HC samples. (B) Top 5 most unique OTUs in the skin microbiota of patients with acne and HCs. (C) Volcano plot of 
differentially expressed OTUs. Red indicates upregulated OTUs in the acne group; blue indicates downregulated OTUs in the acne group; 
and black indicates OTUs with no differences between the acne and HC groups. (D) Heatmap showing the abundance of significantly 
differential OTUs between the acne group and HC group. OTU, operational taxonomic unit; HC, healthy control.
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therapy can treat and prevent acne by killing P. acnes. The 
skin microbiome is critical to skin health, and any change in 
the abundance or activities of skin microbiota in response 
to environmental variations in the host can potentially 
result in diseases (2,13). In recent years, high-throughput 
sequencing (next-generation sequencing) technologies, such 
as denaturing gradient gel electrophoresis, temperature 
gradient gel electrophoresis, and 16S rRNA have been 
widely used to analyze the diversity of microorganisms from 
different sources. The use of these technologies has helped 
to fill the research gap of microorganisms that cannot be 
cultured in traditional laboratories, and solve the problems 
posed by low accuracy, operative complexity, and other 
issues (14,15). Next-generation sequencing has expanded the 
use of microbial resources, and also constitutes an effective 
tool for studying interactions between microorganisms.

In the present study, the skin microbiota composition 
of patients with acne and HCs were assessed by 16S rRNA 
gene sequencing on the Illumina platform, with primers 
directed against the variable regions V3-V4. The 16S rRNA 
gene has widely served as a mainstay of sequence-based 
bacterial analysis for decades (16). Shannon index analyses 
indicated that the sequencing depth covered rare new 
phylotypes and most of the microbial diversity. Moreover, 
the Shannon diversity index suggested that microbial 
diversity was notably increased in the acne group compared 
to the HC group. Subsequently, to gain a comprehensive 
insight into the microbiota composition of patients with 
acne, bacterial taxa differences between the acne and HC 
groups were investigated through PCA analysis. The results 
suggested that the microbial community constitutions of 
patients with acne and HCs were remarkably   different. 
Interestingly, sampling sites, sex, and acne severity had no 
significant influence on the composition of skin microbiota 
in our study.

To further investigate the differences in bacterial 
composition between the 2 groups, bacterial taxa of 
samples at the phylum and genus levels were plotted. 
Our findings revealed that in patients with acne, the 
abundance of Firmicutes was increased and that of 
Proteobacteria was decreased; further, at the genus level, 
Acinetobacter showed a sharp reduction, while many 
other species showed considerable turbulence. Next, we 
focused on skin microbiota at the OTU level, and found 
2458 OTUs that were shared between the acne and HC 
samples, and 3833 and 1011 OTUs that were unique to 
acne samples and HC samples, respectively. OTU535601 
(Lachnospiraceae) ,  OTU4460604 (Clostridiales) , 

OTU3217705 (Moraxellaceae), OTU1066814 (Prevotella), 
and OTU455671 (Lactococcus garvieae) were the top 5 
most abundant species in patients with acne but were not 
found in the HC samples. Enrichment of Lachnospiraceae 
and Clostridiales has been reported under   ultraviolet-B 
radiation exposure (17), while Moraxellaceae have been 
found to contribute to mucosal inflammation (18). In a 
previous study, significant enrichment of Prevotella was 
observed in the skin microbiota in patients with atopic 
dermatitis (19). Zhang et al. reported Lactococcus garvieae 
to be a potential pathogenic cause of skin ulceration 
syndrome outbreak (20). Based on this evidence, the 
top 5 most abundant species found on the skin of the 
patients in our study may be key bacterial factors for the 
development of acne vulgaris. Additionally, OTU423327 
(Achromobacter), OTU4423360 (Stenotrophomonas), 
OTU993127 (Porphyromonas), OTU677680 (Prevotella), 
and OTU269901 (Pseudomonas) were the top 5 most 
abundant species in the HC group but were not found in 
samples from the acne group. Further analysis of high-
quality sequence data demonstrated that the samples from 
the acne group had 148 markedly altered OTUs (P<0.05), of 
which 69 were increased and 79 were decreased, compared 
with the HC group samples. Taken together, our findings 
show that the diversity and abundance of microorganisms, 
and the characteristics of the main pathogenic bacteria in 
patients with acne differ from those in healthy individuals. 
Due to time limitations, the number of samples can be 
increased in future studies.

Conclusions

This study has demonstrated that the composition of the 
microbial community on the skin of patients with acne 
differs significantly from that in HCs. Patients with acne 
vulgaris exhibit increased diversity of skin microbiota and 
an increased abundance of Lactococcus garvieae compared to 
healthy individuals. 
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Supplementary

Table S1 Sample collection sites information

ID Sampling site

N1 cheek

N2 cheek

N3 cheek

N4 forehead

N5 forehead

V1 cheek

V2 forehead

V3 neck

V4 forehead

V5 cheek

V6 cheek

V7 forehead

V8 forehead

V9 brow

V10 forehead

V11 forehead

V12 cheek

V13 neck

V14 forehead

V15 chin

V16 chest

Table S2 ANOSIM results

ANOSIM results R P

Group (normal/acne) 0.812 0.001

Sex (male/female) 0.063 0.214

Body parts -0.068 0.692

Disease severity -0.060 0.686


