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Purpose: To investigate the composition and diversity of the microbiota on the

ocular surface of patients with blepharitis in northwestern China via 16S rDNA

amplicon sequencing.

Methods: Thirty-seven patients with blepharitis divided into groups of anterior, posterior

and mixed blepharitis and twenty healthy controls from northwestern China were enrolled

in the study. Samples were collected from the eyelid margin and conjunctival sac of

each participant. The V3–V4 region of bacterial 16S rDNA in each sample was amplified

and sequenced on the Illumina HiSeq 2500 sequencing platform, and the differences in

taxonomy and diversity among different groups were compared.

Results: The composition of the ocular surface microbiota of patients with

blepharitis was similar to that of healthy subjects, but there were differences in

the relative abundance of each bacterium. At the phylum level, the abundances

of Actinobacteria, Cyanobacteria, Verrucomicrobia, Acidobacteria, Chloroflexi, and

Atribacteria were significantly higher in the blepharitis group than in the healthy control

group, while the relative abundance of Firmicutes was significantly lower (p < 0.05,

Mann-Whitney U). At the genus level, the abundances of Lactobacillus, Ralstonia,

Bacteroides, Akkermansia, Bifidobacterium, Escherichia-Shigella, Faecalibacterium, and

Brevibacteriumwere significantly higher in the blepharitis group than in the healthy control

group, while the relative abundances of Bacillus, Staphylococcus, Streptococcus, and

Acinetobacter were significantly lower in the blepharitis group (p < 0.05, Mann-Whitney

U). The microbiota of anterior blepharitis was similar to that of mixed blepharitis

but different from that of posterior blepharitis. Lactobacillus and Bifidobacterium are

biomarkers of posterior blepharitis, and Ralstonia is a biomarker of mixed blepharitis.

There was no significant difference in the ocular surface microbiota between the eyelid

margin and conjunctival sac with or without blepharitis.

Conclusion: The ocular surface microbiota of patients with blepharitis varied among

different study groups, according to 16S rDNA amplicon sequencing analysis. The reason
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might be due to the participants being from different environments and having different

lifestyles. Lactobacillus, Bifidobacterium, Akkermansia, Ralstonia, and Bacteroides may

play important roles in the pathogenesis of blepharitis.

Keywords: blepharitis, 16S rDNA amplicon sequencing, eyelid margin, conjunctival sac, microbiota

INTRODUCTION

Blepharitis is defined as a chronic inflammatory condition of
the eyelid margin associated with various discomforts including
soreness, itching, tearing, irritation, and a burning sensation
(1, 2). Long-term serious blepharitis may cause other ocular
surface complications, such as dry eye, chalazion, eyelid ulcer,
and blepharokeratoconjunctivitis (BKC), leading to severe ocular
surface infection and even blindness (2, 3). The pathogenic
mechanism of blepharitis is still under investigation, and the
cause is generally believed to be a combination of infection
(bacterial, viral, fungal or parasitic infection), immunity and
metabolism (4–6). Bacteria are is an important etiologic factor
in blepharitis, and many studies have shown that infection by
pathogenic bacteria or destruction of the ecological balance
of bacteria on the ocular surface may trigger blepharitis
symptoms (7–9).

In past decades, several studies have investigated the ocular
surface microbiota of blepharitis using culture approaches and
found that Staphylococcus epidermidis, Staphylococcus aureus,
Corynebacterium macginleyi, and Propionibacterium acnes were
the most common species that appeared in cultures of eyelid
margin or conjunctival sac samples from either patients with
blepharitis or healthy controls (7–10). The relative differences
in the prevalence of each bacterium were remarkable among
the study groups from different parts of the world, which was
believed to be due to the effects of different climates and
environments (6, 11, 12). However, it is still doubtful whether
the results of culture, which is susceptible to the influence
of culture conditions, can reflect the true composition of the
microbiota. In recent years, as a culture-independent approach
with high sensitivity and specificity, high-throughput sequencing
technology has been considered more appropriate to analyze
the human microbiota than traditional culture methods, and
the relative abundances of tens or even hundreds of times
more bacteria can be identified (13). To date, studies of
the microbiota of the ocular surface using high-throughput
sequencing technology have been launched in eastern Asia. Lee
et al. collected eyelash and tear samples from seven patients with
blepharitis and four healthy people and analyzed the microbiota
by 16S rDNA pyrosequencing (14). Yan et al. studied the
microbiota ofDemodex blepharitis from conjunctival sac samples
by 16S rDNA pyrosequencing (15). Dong et al. investigated
the composition of the bacterial community of patients with
meibomian gland dysfunction (MGD) from conjunctival sac
samples via 16S rDNA sequencing (16). However, there were
some defects in the above studies, such as limited sample size,
unsuitable sample type or different classifications. Each study was
inadequate for a comprehensive analysis of the ocular surface
microbiota of blepharitis.

In this study, we divided patients with blepharitis into
anterior, posterior and mixed blepharitis groups and tried to
explore the microbiome of both the conjunctiva and eyelid
margin (including meibomian gland secretions) by 16S rDNA
amplicon sequencing. This study is expected to provide a
more specific reference to clarify the pathogenic mechanism
of blepharitis.

MATERIALS AND METHODS

Diagnosis of Blepharitis
The diagnosis of blepharitis was established according to the
Blepharitis Preferred Practice Pattern of the American Academy
of Ophthalmology (17). Blepharitis can be classified according
to the anatomic location or underlying cause (1, 2, 17–19).
(1) Anterior blepharitis is characterized by scabs at the eyelid
margin, erythema and scales at the root of the eyelash. (2)
Posterior blepharitis is characterized by loss of the meibomian
gland, obstruction of meibomian gland duct orifices, foam on
the eyelid margin, hypertrophy of the eyelid margin, trichiasis,
and meibomian gland cyst formation. (3) Mixed blepharitis
involves the characteristics of both the anterior and posterior
eyelid margins.

Ethics and Study Subjects
This study was approved by the Ethics Committee of Xi’an No.
1 Hospital (IRB: 2021–4) and registered on the International
Clinical Trials Registry Platform (Registration number:
ChiCTR2100042517). The study subjects were recruited from
January to April 2021 at Xi’an No.1 Hospital after registration.
In accordance with the tenets of the Declaration of Helsinki,
written informed consent was obtained from each participant.

A total of 37 subjects with blepharitis were recruited and
classified into the anterior blepharitis group (10), posterior
blepharitis group (13), and mixed blepharitis group (14).
The control group consisted of 20 subjects without any
inflammation on the ocular surface, especially the eyelid margin.
The characteristics of each group are shown in Table 1. The
participants in the anterior blepharitis group were younger than
those in any other group. There was a significant difference
in age between the anterior blepharitis group and any other
group (p < 0.05, Student’s t-test) while there were no significant
differences among the other three groups (p > 0.05, Student’s
t-test). The exclusion criteria were as follows: (1) patients who
had used topical or systemic antibiotics within 1 month; (2)
patients with a history of eye trauma or ophthalmic surgeries
within 1 year; (3) pregnant or lactating women; (4) patients with
systemic diseases affecting the ocular surface, such as Sjögren’s
syndrome or diabetes; and (5) patients with incomplete patient
medical records.
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TABLE 1 | Characteristics of the participants in each group.

Healthy Anterior Posterior Mixed

control blepharitis blepharitis blepharitis

Number 20 10 13 14

Age, (mean ± SD) 59.16 ± 16.88 23.40 ± 15.53 51.77 ± 9.42 53.21 ± 18.90

Sex (female: male) 16:4 8:2 11:2 9:5

Sample Collection
Swab samples from subjects in the blepharitis groups were taken
from one eye with confirmed blepharitis, and those from the
control group subjects were taken from one random eye. The
subjects sat down and were asked to look up. After topical
anesthesia with 0.4% oxybuprocaine hydrochloride eye drops
(Santen, Osaka, Japan), a disposable aseptic cotton swab was used
to wipe the lower conjunctival sac from the nasal to temporal side
and backwards while rotating the swab. This process was repeated
twice, avoiding sample contamination from the eyelashes or
outer eyelid skin. Then, two sterile cotton swabs were used to
squeeze the lower meibomian gland from the bottom to top both
inside and outside of the lower eyelid until the meibum was
visible at the openings, and the lower eyelid margin including the
squeezed meibum was sampled from the nasal to temporal side
and backwards. Each swab was immediately placed into a sterile
tube and stored in an ultralow-temperature freezer at −80◦C
before DNA extraction.

DNA Extraction, PCR Amplification and
16S RDNA Amplicon Sequencing
DNAwas extracted from all samples using theMNNucleoSpin 96
Soi DNA Isolation Kit (MN-MACHEREY-NAGEL, Germany).
The V3–V4 region of the 16S rRNA gene was amplified by
PCR with the primers 338F (5’-ACTCCTACGGGAGGCAGCA-
3’), and 806R (5’-GGACTACHVG GGTWTCTAAT-3’). The
amplified products were purified, quantified and homogenized
to form a sequencing library and sequenced on the Illumina
HiSeq 2500 sequencing platform (Biomarker Technologies
Corporation, Beijing, China) in PE250 mode (2 × 250 bp paired
end sequencing) (Supplementary Material).

Bioinformatics and Statistical Analysis
Bioinformatics analysis was conducted on the BMK Cloud
Platform (www.biocloud.net). The raw reads were filtered by
Trimmomatic (version 0.33), and then, Cutadapt (version 1.9.1),
FLASH (version 1.2.7) and UCHIME (version 4.2) were used to
obtain the effective reads. The effective reads with more than
97% identity were clustered into operational taxonomic units
(OTUs) by USEARCH (version 10.0), while the OTUs whose
proportions were <0.005% of the total OTUs were removed.
Taxonomy was assigned using Silva (http://www.arb-silva.de) as
the reference database, and the community composition of each
sample was calculated at various levels (phylum, class, order,
family, genus, and species). The alpha- and beta- diversities of
all groups were obtained using QIIME2 and QIIME software,
respectively. Linear discriminant analysis effect size (LEfSe) was

used to identify bacterial biomarkers of each group. Student’s t-
test was used to compare the differences in age and sex between
the patients with blepharitis and the controls. The Mann-
Whitney U-test was performed for analyses of the α-diversity
indices and the relative abundances of dominant phyla and
genera among different groups. For principle coordinate analysis
(PCoA), the permutational multivariate analysis of variance
(PERMANOVA) statistical method was used to compare the
differences. Statistical analyses were carried out with SPSS 26.0
(Chicago, IL, USA) software, and p < 0.05 was considered to be
statistically significant.

RESULTS

Bacterial Taxonomy
A total of 9,103,764 raw sequences were obtained from the 114
samples. After quality trimming and chimera checking, 8,697,646
high-quality sequences remained with an average of 76,295 high-
quality sequences per sample for downstream analysis.

Bacterial Alpha-Diversity in the Samples
The richness (Chao1 index) and diversity (Shannon index and
Simpson index) of the ocular surface microbiota within each
group were calculated and evaluated. The rarefaction curves
of the samples (Figure 1A) and the Shannon index curves
(Figure 1B) reached saturation in all of the samples, which
suggested that the species diversities discovered were adequate.
The Chao 1 and Shannon indices were significantly higher in
the blepharitis group than those in the healthy control group
(p < 0.01, Mann-Whitney U), while the Simpson index was
not significantly different between the two groups (p > 0.05,
Mann-Whitney U) (Figure 1C). The Chao 1 index revealed no
significant differences among the three subgroups of blepharitis
(p > 0.05, Mann-Whitney U), while the Shannon index and
Simpson index were significantly different between the posterior
blepharitis group and mixed blepharitis group (p < 0.01, Mann-
Whitney U) (Figure 1D). There were no significant differences
in the Chao1 index, Simpson index or Shannon index between
the eyelid margin samples and the conjunctival sac samples
in either the blepharitis or healthy control group (p > 0.05,
Mann-Whitney U) (Figures 1E,F).

Bacterial Beta-Diversity in Samples
The results of beta-diversity analysis among different groups
are shown by principal coordinate analysis (PCoA) and
permutational multivariate analysis of variance (PERMANOVA).
The PCoA indicated that the samples with high community
structure similarity clustered, while when the samples were far
from each other, a large difference in community structure was
indicated. PERMANOVA can be used to test whether there
are significant differences in beta diversity between the samples
in different groups. Most of the clustered plots of each group
indicated a significant difference in the ocular surface microbiota
between the blepharitis and healthy control groups (Figure 2A).
According to the division of the blepharitis group into three
different types, the samples from the posterior blepharitis group
were far apart from those from the anterior andmixed blepharitis
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FIGURE 1 | The α-diversity analysis of the samples. (A) Multisample rarefaction curves and (B) Shannon index curves. All rarefaction curves and Shannon index

curves of the samples reached the saturation of the platform, indicating that the sequencing data size was adequate. (C) Comparisons of α-diversity indices between

the blepharitis group (Ble) and healthy control group (H). (D) Comparisons of α-diversity indices among the anterior blepharitis group (A), posterior blepharitis group

(P), and mixed blepharitis group (M). (E) Comparisons of α-diversity indices between the eyelid margin samples (BleB) and the conjunctival sac samples of the

blepharitis group (BleC). (F) Comparisons of α-diversity indices between the eyelid margin samples (HB) and the conjunctival sac samples of the healthy control group

(HC). **P<0.01.

groups; inversely, the samples from the anterior and mixed
blepharitis groups were similar (Figure 2B). PERMANOVA
indicated significant differences in beta diversity among the
samples from the three groups (Figure 2B). Comparing the
eyelid margin samples with the conjunctival sac samples of the
blepharitis or healthy control group, most of the plots showed
similar microbiota compositions, and there was no significant
difference (Figures 2C,D).

Bacterial Taxonomy in the Microbiota
Composition of the Samples
The relative abundances of the dominant ocular surface
microbiota in the patients with blepharitis and the healthy
controls were summarized. At the phylum level (Figure 3A),
31 phyla were detected in the 57 eyes. The major phyla in
the subjects in the two groups included Firmicutes (31.67;
43.14%), Proteobacteria (21.89; 21.04%), Bacteroidetes (14.52;
15.17%), Actinobacteria (11.32; 9.00%), Cyanobacteria

(7.30; 5.54%), Verrucomicrobia (3.45; 1.26%), Acidobacteria
(3.37; 1.32%), Chloroflexi (1.29; 0.37%), Atribacteria (1.19;
0.10%), and Fusobacteria (0.81; 0.95%). At the genus level
(Figure 3B), the most predominant bacteria were Lactobacillus
(7.86; 5.22%), Ralstonia (3.63; 0.29%), Corynebacterium
(2.85; 3.26%), Bacteroides (2.71; 1.51%), Akkermansia (2.34;
1.13%), Bifidobacterium (1.91; 0.71%), Bacillus (1.61; 2.17%),
Escherichia-Shigella (1.61; 1.24%), Faecalibacterium (1.40;
0.56%), Staphylococcus (1.28; 2.98%), Streptococcus (1.18; 2.65%),
Acinetobacter (1.16; 2.81%), Brevibacterium (1.15; 0.24%), and
Sphingomonas (0.81; 0.92%).

Differences Between Blepharitis Patients
and Healthy Controls
At the phylum level (Figure 3C), the abundance of Firmicutes
(p < 0.01, Mann-Whitney U) in the blepharitis group was
significantly lower than that in the healthy control group,
while the relative abundances of Actinobacteria, Cyanobacteria,
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FIGURE 2 | The β-diversity analysis of the samples. PCoA and PERMANOVA were performed using the Bray-Curtis method. Each dot corresponds to a sample, and

each color represents a group. (A) Division of all of the samples into the blepharitis group (Ble) and healthy control group (H). (B) The samples of patients with

blepharitis were divided into the anterior blepharitis group (A), mixed blepharitis group (M) and posterior blepharitis group (P). (C) The samples of the patients with

blepharitis were divided into the eyelid margin of the blepharitis group (BleB) and the conjunctival sac of the blepharitis group (BleC). (D) The samples of the normal

subjects were divided into the eyelid margin of the healthy control group (HB) and the conjunctival sac of the healthy control group (HC).

Verrucomicrobia, Acidobacteria, Chloroflexi, and Atribacteria
(p < 0.05, Mann-Whitney U) were significantly higher.
The relative abundances of Proteobacteria, Bacteroidetes, and
Fusobacteria in the blepharitis group were not significantly
different from those in the healthy control group (p > 0.05,
Mann-Whitney U). At the genus level (Figure 3D), compared
with the healthy control group, the blepharitis group had
a significantly higher abundance of Lactobacillus, Ralstonia,
Bacteroides, Akkermansia, Bifidobacterium, Escherichia-Shigella,
Faecalibacterium, and Brevibacterium (p < 0.01, Mann-Whitney
U), and lower relative abundances of Bacillus, Staphylococcus,
Streptococcus and Acinetobacter (p < 0.05, Mann-Whitney U).
There were no significant differences in the relative abundances
of Corynebacterium and Sphingomonas between the two groups
(p > 0.05, Mann-Whitney U-test).

To determine the potential bacterial biomarkers between
the blepharitis and healthy control groups, LEfSe at the
phylum and genus levels (LDA >4, p < 0.01) was used.
The biomarkers were Bacteroidetes (phylum), Actinobacteria
(phylum), Verrucomicrobia (phylum), Acidobacteria (phylum),
Betaproteobacteriales (order), Burkholderiaceae (family),

Flavobacteriaceae (family), Lactobacillus (genus) and Ralstonia
(genus) in the blepharitis group, Firmicutes (phylum),
Proteobacteria (phylum), Clostridia (class), Bacillales
(order), Pseudomonadales (order), Erysipelotrichaceae
(family), Moraxellaceae (family), Acinetobacter (genus),
and Staphylococcus (genus) in the healthy control group
(Figures 4A,B).

Differences in Microbiota Composition
Between Anterior, Posterior and Mixed
Blepharitis
All of the participants with blepharitis were divided into anterior,
posterior andmixed groups. At the phylum level (Figure 5A), the
posterior blepharitis group had a significantly higher abundance
of Chloroflexi than the anterior blepharitis group (p < 0.05,
Mann-Whitney U) or mixed blepharitis group (p < 0.01,
Mann-Whitney U), but had a significantly lower abundance of
Atribacteria than the anterior blepharitis group (p< 0.05, Mann-
Whitney U). The mixed blepharitis group had a significantly
higher abundance of Proteobacteria than the posterior blepharitis
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FIGURE 3 | Differences in microbiota composition between the blepharitis group and healthy control group. (A, B) Each phylotype (1% average relative abundance in

groups) is indicated by a different color at the phylum and genus levels. (C, D) At the phylum or genus level, there was a significant difference in the abundance of

ocular surface microbiota between the blepharitis group (Ble) and the healthy control group (H). *P<0.05, **P<0.01, ***P<0.001.

group. At the genus level (Figure 5B), the posterior blepharitis
group had significantly higher abundances of Lactobacillus,
Bifidobacterium, and Sphingomonas than the anterior blepharitis
group or mixed blepharitis group (p < 0.05, Mann-Whitney
U), but significantly lower abundances of Corynebacterium and
Bacillus than the anterior blepharitis group or mixed blepharitis
group (p < 0.05, Mann-Whitney U). There was no difference in
the abundance of microbiota constituents between the anterior
blepharitis group and the mixed blepharitis group.

Verrucomicrobia (phylum) was the biomarker in the anterior
blepharitis group. Acidobacteria (phylum), Bacteroidetes (order),
Lactobacillus (genus), and Bifidobacterium (genus) were the
biomarkers in the posterior group. Bacteroidetes (phylum),
Betaproteobacteriales (order), Burkholderiaceae (family),
Flavobacteriaceae (family), Neisseriaceae (family), and Ralstonia
(genus) were the biomarkers in the mixed group. Firmicutes
(phylum), Pseudomonadales (order), Erysipelotrichaceae (family),
Moraxellaceae (family), Bacillaceae (family), and Acinetobacter
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FIGURE 4 | LEfSe analysis of the blepharitis group and healthy control group. (A) A cladogram of the ocular surface microbial taxa in the blepharitis (Ble) and healthy

control groups (H) showing the levels from phylum to species from outside to inside. (B) Linear discriminant analysis (LDA) scoring of biomarkers corresponding to (A),

computed by the LEfSe tool. When the score of a taxon was >4.0 with P < 0.01, it was listed in the histogram.

(genus) were the biomarkers in the healthy control group
(Figures 6A,B).

Differences in Microbiota Composition
Between the Conjunctival Sac and Eyelid
Margin
The distribution characteristics of microbiota between the eyelid
margin and conjunctival sac samples of the blepharitis group
(Figure 7A) and the healthy control group (Figure 7B) at the
genus level were also compared. There was no significant
difference in the microbiota between either of the two groups
(p > 0.05, Mann-Whitney U).

DISCUSSION

Blepharitis is a common ophthalmic disease that may be
related to alterations in the ocular surface microbiota. It is
of great clinical significance to study the composition of the
ocular surface microbiota between blepharitis patients and
healthy controls to elucidate the pathogenesis of blepharitis
and formulate suitable treatments. Based on traditional culture
methods, many studies have shown significant differences in the

ocular surface microbiota between patients with and without
blepharitis. These studies have shown that the most common
bacteria in patients with blepharitis were Staphylococcus
epidermis, Staphylococcus aureus, Corynebacterium sp.,
Acinetobacter sp., Propionibacterium acnes, and Streptococcus
viridans (7–10). However, there have also been reports of
conflicting results. For example, Groden et al. showed that
Staphylococcus aureus was more common in the normal
control group (8). Bezza et al. reported that the abundance
of Propionibacterium acnes was almost the same in the
blepharitis group and the normal control group (9). The
differences between these studies were considered to be
related to differences in environmental and culture conditions
(6, 11, 12).

With the emergence and development of high-throughput
sequencing technology, the rapid development of ocular surface
microbiota research has been promoted. This line of research
no longer limited by culture conditions, and dozens or even
hundreds of species can be detected from a small sample amount,
allowing the composition of the microbiota and the abundance
of each species to be more truly reflected. Corynebacterium,
Pseudomonas, Propionibacterium, Acinetobacter, Streptococcus,
and Anaerococcus were the most abundant genera on the ocular
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FIGURE 5 | Differences in microbiota composition in the four groups. (A, B) At the phylum and genus levels, there were significant differences in the abundances of

ocular surface microbiota among the anterior blepharitis group (A), posterior blepharitis group (P) and mixed blepharitis group (M). *P<0.05, **P<0.01, ***P<0.001.
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FIGURE 6 | LEfSe of the four groups. (A) A cladogram of the ocular surface microbial taxa in the anterior blepharitis group (A), posterior blepharitis group (P), mixed

blepharitis group (M) and the healthy control group (H). The levels from phylum to species from outside to inside. (B) Linear discriminant analysis (LDA) scoring of

biomarkers corresponding to (A), computed by the LEfSe tool. When the score of a taxon was >4.0 with p < 0.01, it was listed in the histogram.
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FIGURE 7 | Differences in microbiota composition between the conjunctival sac and eyelid margin. (A) Comparison within the blepharitis group. (B) Comparison

within the healthy control group.

surface microbiota of healthy humans. The abundances of
Staphylococcus, Propionibacterium, and Micrococcus were not as
great as those determined via culture, and some uncultured
bacteria, such as Streptophyta,Methylobacterium, Enhydrobacter,
and Veillonella were identified (11, 13, 20–24).

The study of the ocular surface microbiota of blepharitis
was started by Lee et al., who found over 24 bacterial genera in
eyelash and tear samples from seven patients and four healthy
controls. At the genus level, Propionibacterium, Staphylococcus,
Streptophyta, Corynebacterium and Enhydrobacter were
common ocular bacteria in all the samples, and subjects with
blepharitis had a lower proportion of Propionibacterium and
higher Staphylococcus, Streptophyta, Corynebacterium and,
Enhydrobacter abundances (14). Our study demonstrated that
the ocular surface microbiota of patients with blepharitis was
similar to that of healthy subjects, but there were differences
in the relative abundance of each bacterium. Regardless
of the occurrence of blepharitis, Lactobacillus, Ralstonia,
Corynebacterium, Bacteroides, Akkermansia, Bifidobacterium,
Bacillus, Escherichia-Shigella, Faecalibacterium, Staphylococcus,
Streptococcus, Acinetobacter, Brevibacterium and Sphingomonas
were the main ocular surface microbiota constituents in both
conjunctival sac and eyelid margin samples (Figure 3). As
biomarkers of the blepharitis group, Lactobacillus and Ralstonia
were significantly more abundant in patients with blepharitis,
as were some other genera such as Bacteroides, Akkermansia,
and Bifidobacterium. Lactobacillus and Bifidobacterium are
both popular gut probiotics that induce regulatory T cells and
Akkermansia, Bacteroides, and Ralstonia are all common in gut
microbiota (25–28). We hypothesized that they play a similar
important role in the mucosal tissue on the ocular surface as that

in the intestinal tract. The relative abundances of Lactobacillus
and Bifidobacterium increased in patients with blepharitis,
which may be a compensatory reaction to temporarily resist
the invasion of pathogenic bacteria (29). Akkermansia has been
found to be a mucin-engulfing bacterium that can produce
acetate and propionate in the process of mucin degradation,
which may have some anti-inflammatory effects (30–32).
Recent studies have demonstrated that Akkermansia could
enhance tight junctions and decrease intestinal epithelial layer
permeability by excreting extracellular vesicles (33). Bacteroides
is an opportunistic pathogen that can invade the submucosa
and cause infection when the mucosa is damaged. Bacteroides
can produce many metabolites such as short-chain fatty acids
(SCFAs) and polysaccharide A (PSA), to influence metabolism
(33, 34). Ralstonia is also a prevalent opportunistic pathogen
that has recently been found in polluted city water systems. It
may infect the eyelid margin during face washing and colonize
the ocular surface. (35–39) The abundances of Staphylococcus
and Acinetobacter were extremely elevated in healthy subjects,
indicating that blepharitis has an effect on the abundances of
Staphylococcus and Acinetobacter, suggesting that Staphylococcus
and Acinetobacter might be more important in maintaining the
health of the eyelid margin and conjunctival sac.

Dividing the blepharitis group into anterior, posterior and
mixed blepharitis groups, we found that the microbiota of
anterior blepharitis was similar to that of mixed blepharitis but
different from that of posterior blepharitis. The abundances of
Lactobacillus, Bifidobacterium, and Sphingomonas (especially the
first two) were significantly higher in posterior blepharitis than
in anterior or mixed blepharitis, and those of Corynebacterium
and Bacillus were significantly lower in posterior blepharitis.
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The results confirmed that the pathogenesis of anterior and
posterior blepharitis might be different, and the effects on
different bacterial genera were also different. The anterior eyelid
margin is close to the eyelid skin attached to eyelashes, while the
posterior eyelidmargin is adjacent to the conjunctiva of the eyelid
and located at the opening of the meibomian glands. Anterior
blepharitis affects the base of the eyelashes, and bacterial,
seborrheic and Demodex folliculorum factors are the most likely
causes, whereas posterior blepharitis is often associated with
composition changes inmeibum (4–6). Therefore, the differences
in the compositions of the ocular surface microbiota might
be due to different local physiological environments and relate
to different pathogenic mechanisms, which suggests that it is
necessary to strictly define different types of blepharitis for
future research on the pathogenesis. The abundance of Ralstonia
is extremely elevated in mixed blepharitis. Considering that
Ralstonia is a popular opportunistic pathogen, it might reveal the
greater severity of mixed blepharitis compared to pure anterior
or posterior blepharitis.

Although there were several studies on the ocular surface
microbiota of simple anterior (Demodex) blepharitis or posterior
blepharitis (MGD) using 16S rDNA amplicon sequencing, the
results showed both similar and contradictory compositions
and changes. For example, Dong et al. and Zhao et al. both
reported Sphingomonas as a biomarker of MGD, which was
the same as our result. However, Dong et al. found that the
abundance ofCorynebacterium significantly decreased in patients
with MGD, whereas Zhao et al. found that it increased (16, 40)
Yan et al. found Lactobacillus to be the biomarker of Demodex
blepharitis, which is different from our results (15). These
conflicting results indicate that the complexity of individual
ocular surface microbiota diversity and its influencing factors
are far beyond our knowledge. To explain the different results
among different studies, the most reasonable explanation might
be the influence of the environment, such as climate and
lifestyle. Using metagenomic analysis, Deng et al. found that
geographical differences and environmental changes shaped the
ocular surface microbiota, which is in accordance with the results
regarding the blepharitis microbiota from different parts of the
world (41). Considering that the eyelid margin is a special site
adjacent to eyelid skin and has a similar anatomical structure
and function, we could derive information from research on
the skin microbiota. The composition of skin microbiota is an
individual trait that depends on age, sex, hygiene habit, host
lifestyle, and environment, which is determined by the skin
structure, including the thickness of the skin, the depth and
location of folds and the density of follicles and glands, and
is also affected by external environmental conditions, including
temperature, humidity, and sunlight, especially UV radiation.
For example, Corynebacterium and Staphylococcus are dominant
in humid regions and the microbiotas of individuals living in
dry regions are not microbiologically diverse. Eccrine glands
prevent the colonization and proliferation of microorganisms by
water and electrolyte excretion and skin acidification, whereas the
sebum secreted by the sebaceous glands is the source of lipids
and free fatty acids, which facilitate the adhesion of bacteria
and inhibit the growth of pathogens (42, 43). The participants

in our study mainly came from northwestern China, where the
drier temperate continental climate is different from the humid
climate in coastal areas. Therefore, the results of our study
may be quite different from those of the other study groups
but are still of importance for research on the pathogenesis of
blepharitis globally.

In our study, we also compared the microbiota of the
eyelid margin and conjunctival sac. There was no significant
difference between the two sites in either the blepharitis or
healthy control group. The results revealed that the microbiota
of the eyelid margin and conjunctiva were influenced by each
other, which could explain why blepharitis tends to cause ocular
surface inflammation such as conjunctivitis, keratitis, and even
postoperative infection after inner eye surgery such as cataract
surgery. It also reminds clinicians to pay attention to the health
of eyelid margins when diagnosing and treating ocular surface
inflammation or before intraocular surgery (44–47).

Unfortunately, our 16S rDNA amplicon sequencing analysis
of blepharitis microbiota using universal primers for V3–V4
of 16S rDNA cannot identify the bacteria at the species level,
which is what we need to improve the method in future
studies. Sometimes, different species of the same genus may
play different roles in such body sites of humans, for example,
Staphylococcus aureus, Staphylococcus epidermis, Streptococcus
pneumoniae, and Streptococcus viridis. The functions of
the most important bacteria discovered in our study, such
as Lactobacillus, Ralstonia, Bacteroides, Akkermansia, and
Bifidobacterium, need to be proven at the species level. If we
could improve our culture conditions to obtain a positive
culture of such fastidious bacteria, we may acquire more
information from such special strains. Furthermore, considering
the tremendous individual diversity of the ocular microbiota,
further studies with larger sample sizes and more specific
classification designs are needed to elucidate the pathogenesis
of blepharitis.
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