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Analysis of hair follicle microbiota in non-lesional areas of patients with moderate-to-
severe acne vulgaris: a single-center cross-sectional study
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Department of Dermatology, Renji Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai 200127, China

[Abstract] Objective*To study the differences in the structure and load of hair follicle microbiota in non-lesional areas among
patients with moderate-to-severe acne vulgaris and healthy individuals, and to explore the relationship between microorganisms and
the severity of acne vulgaris. Method- A cross-sectional study was used. Patients with moderate or severe acne vulgaris (referred to
as acne) and healthy volunteers who visited the Department of Dermatology, Renji Hospital, Shanghai Jiao Tong University School
of Medicine, from August 2022 to August 2023. 16S rRNA high-throughput sequencing and quantitative real-time polymerase chain
reaction (qQPCR) were performed on the follicular contents from the non-lesional areas of the faces of patients with moderate or
severe acne and healthy volunteers to analyze the diversity, species composition, and microbial load differences in hair follicle
bacteria in patients with different severity of acne. Results- Ten patients with moderate acne, eleven patients with severe acne, and
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eleven healthy volunteers were included. There were no statistically differences in general data such as age and gender ratio among

the three groups. Bacterial a-diversity was significantly lower in both the moderate and severe acne groups compared to the healthy
group (P=0.020, P=0.013). The principal coordinates analysis (PCoA) plot showed that the sample distribution of the healthy group
was relatively concentrated, with small differences within the group, and the distribution of samples in the moderate and severe acne

groups exhibited a certain trend but was relatively scattered, with differences between the groups. There were differences in the

trend distribution of the three sample groups, and there were differences in the microbial community structure between the groups.

The results of similarity analysis showed significant differences in B-diversity and low similarity in species composition between the
healthy and moderate acne groups (P=0.027) and between the healthy and severe acne groups (P=0.017), and high species similarity
between the moderate acne and severe acne groups (P=0.160). The dominant bacterial groups at the phylum level were

Actinobacteria, Firmicutes, Proteobacteria, and Bacteroidetes. At the genus level, the dominant bacteria in the healthy group were

Propionibacterium and unclassified Actinomycetales, and the dominant bacteria in both acne groups were Staphylococcus and

Propionibacterium. Compared to the healthy group, the relative abundance of Staphylococcus species in the hair follicles in non-
lesional areas of the moderate and severe acne groups was significantly increased (P=0.010, P=0.019). Compared with the healthy

control group, the hair follicle microbiota load in non-lesional areas of both the moderate and severe acne groups was significantly

increased (both P=0.001). Compared with the moderate acne group, the bacterial load in the hair follicle samples of the severe acne

group was significantly increased (P=0.017). Conclusion-The microbial community structure of hair follicles in non-lesional areas

of patients with moderate or severe acne is different from that of healthy individuals, and the microbial diversity in the acne group is
significantly reduced. The relative abundance of Staphylococcus species in the hair follicles in non-lesional areas of the moderate or

severe acne groups is significantly increased compared to the healthy group. As the severity of acne increases, the bacterial load in

hair follicles in non-lesional areas significantly increases. This research suggests that the occurrence and severity of acne may be

related to the community structure and load of hair follicle microbiota.
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Tab2 qPCR absolute quantification program

Step Program
Step 1 95°C30s
Step 2 (40 cycles) 95°C 55;55°C30s;72°C30s

Step 3 (dissociation stage) 94 °C 30 s; 70 °C 1.5 min; 94 °C 10 s
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Tab 3 General characteristics of the three groups
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Characteristic C group (n=11) M group (n=10) S group (n=11) H/y? value P value
Gender/n(%) 0.182 0.913
Male 5 (45.5) 5(50.0) 6 (54.5)
Female 6 (54.5) 5(50.0) 5(45.5)
Age/year 24.64+1.63 21.90+2.88 23.18+5.42 3.827 0.252
Ethnic group/n(%) 1.971 0.373
Han 10 (90.9) 10 (100.0) 11 (100.0)
Bai 1(9.1) 0 (0) 0(0)
Education/n(%) 2.676 0.262
Senior high school/technical secondary school 4(36.4) 2 (20.0) 6 (54.5)
Junior college and above 7 (63.6) 8 (80.0) 5(45.5)
Work/n(%) 1.703 0.427
In service 3(27.3) 2 (20.0) 5(45.5)
Not in service 8 (72.7) 8 (80.0) 6 (54.5)
Habitual residence/n(%) 2.147 0.342
Shanghai 11 (100.0) 9 (90.0) 9 (81.8)
Others 0 (0) 1 (10.0) 2(18.2)
A B C
400 F
C M
1000 1 Group
236 (0‘(1).(;)) 74 =[¢
300 (0.1%) (0%) 5 300 BM
e es
361 5
g o0 76 O23%) 54 g o0
:% 400 (0.1%) (0.3%) o i
T
200 {H] 130
L (0.1%) o . .
O 1 1 1 1 1 1 1
0 5 10 15 20 25 30 N M s
Site S Group
Note: A. Species accumulation curve. B. Venn diagrams of the OTU numbers of the three groups. C. Box plots of Chaol index of the three groups.
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Fig 1 o diversity analysis of follicular microbiome of the three groups
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Note: PCoA scatter plot based on B diversity index between samples.
B2 3HABEREFNBSEESN
Fig2 B-diversity analysis of hair follicle microbiome of the three groups
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Tab 4 Abundance of bacterial flora at the phylum level in three
sample groups (%)

Abundance/%
Phylum
C group (n=11) M group (n=10) S group (n=11)
Actinobacteria 61.48+19.39 58.48+17.59 49.64+28.26
Firmicutes 21.94+16.10 35.42+18.37 43.90+26.42
Proteobacteria 14.84+15.23 5.2745.79 5.51+5.41
Bacteroidetes 0.86+0.88 0.27+0.29 0.59+1.13
Others 0.88+0.55 0.56+0.57 0.36+0.49

T #JB (Propionibacterium) . A 7320 i £k H &
oA OEK W )R
(Staphylococcus) . A4 A4 5 WA (unclassified
b K& 2K OF MO WO
(Caldalkalibacillus) ; M41H1 'S 41 TR REAH X = i 4 44
HIALA R E S AR e . NIRRT E . R 2R
TR . BIRFTEE (Corynebacterium) VIR A5y
K7 Z WA o FE B ™ R, N IRAT 8 A
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Bar plot
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=R (P=0.010, P=0.019).
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Tab 5 Abundance of bacterial flora at the genus level in three sample

groups (%)

Abundance/%
Genus C group M group S group
(n=11) (n=10) (n=11)
Staphylococcus 13.05+11.54 31.54+17.84 37.30+27.09
Propionibacterium 36.99+17.67 25.94+19.63 23.78+16.30
Unclassified
] 18.78+19.20 23.38+15.96 19.58+17.88
Actinomycetales
Corynebacterium 2.09+2.77 8.28+11.28 5.47+4.74
Unclassified
. 4.36+8.64 0.06+0.08 0.86+2.48
Neisseriaceae
Others 24.734+22.90 10.8049.32 13.01+22.05
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CAl A, %% Kk JE (LDA=5.50) 7£ M 4] 1
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I Planctomycetes
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I Spirochaetes
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[ SR1
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Fig3 Column diagram of relative abundance of hair follicle microbiome at the phylum level in the three groups
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Fig4 Column diagram of relative abundance of hair follicle microbiome at the genus level in the three groups
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Note: The circles radiating from the inside out represent the classification levels from phylum to genus. Each circle and its shaded range at different
classification levels represent the classification at that level, and the diameter of the circle is proportional to the relative abundance of the species. The species
represented by the English letters next to the circles are shown in the legend. The red nodes represent microbial communities with high abundance and
important roles in the red group, the green nodes represent microbial communities with important roles in the green group, and the yellow nodes represent
species with no differences between groups.
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Fig 5 LEfSe cladogram of analysis of follicular microbiome in C group and M group
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Note: The circles radiating from the inside out represent the classification levels from phylum to genus. Each circle and its shaded range at different
classification levels represent the classifications at those levels, and the diameter of the circle is proportional to the relative abundance of the species. The
species represented by the English letters next to the circles are shown in the legend. The red nodes represent microbial communities with high abundance and
important roles in the red group, the green nodes represent microbial communities with important roles in the green group, and the yellow nodes represent
species with no differences between groups.
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Fig 6 LEfSe cladogram of analysis of hair follicle microbiome in Group C and Group S
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classification levels represent the classification at that level, and the diameter of the circle is proportional to the relative abundance of the species. The species
represented by the English letters next to the circle are shown in the legend. The red nodes represent microbial communities with high abundance and important

roles in the red group, the green nodes represent microbial communities with important roles in the green group, and the yellow nodes represent species with no

differences between groups.
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