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Abstract
● AIM: To elucidate the profiles of commensal bacteria on 
the ocular surfaces of patients with varying severity of dry 
eye (DE).
● METHODS: The single-center, prospective, case-control, 
observational study categorized all participants into three 
distinct groups: 1) control group (n=61), 2) mild DE group 
(n=56), and 3) moderate-to-severe DE group (n=82). 
Schirmer’s tear secretion strips were used, and the bacterial 
microbiota was analyzed using 16S ribosomal ribonucleic 
acid gene sequencing.
● RESULTS: The three groups had significant differences 
in alpha diversity: the control group had the highest 
richness (Chao1, Faith’s phylogenetic diversity), the mild 
DE group showed the highest diversity (Shannon, Simpson), 
and the moderate-to-severe DE group had the lowest of 
the above-mentioned indices. DE severity was positively 
correlated with a reduction in beta diversity of the microbial 
community, with the moderate-to-severe DE group exhibiting 
the lowest beta diversity. Linear discriminant analysis effect 
size presented distinct dominant taxa that significantly 
differed between each. Furthermore, the exacerbation of 
DE corresponded with the enrichment of certain pathogenic 
bacteria, as determined by random forest analysis.
● CONCLUSION: As DE severity worsens, microbial 

community diversity tends to decrease. DE development 
corresponds with changes in microbial constituents, 
primarily characterized by reduced microbial diversity and a 
more homogenous species composition.
● KEYWORDS: dry eye; microbiota; ocular surface; tear 
film break up time 
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INTRODUCTION 

D ry eye (DE) is a globally prevalent disease[1] that 
damages the ocular surface (OS), seriously affecting 

vision and quality of life[2]. Various components of the OS 
microenvironment maintain OS stability, whereas changes in 
components such as immune cells, matrix cells, hormones, and 
the microbiome, may lead to disruption of OS homeostasis[3]. 
OS microbiota is another key component of the OS 
microenvironment, which maintains homeostasis and immune 
tolerance and eliminates pathogenic microorganisms[4]. 
Alterations in OS microbiota can significantly affect the 
dynamic balance of OS microecology through quorum-
sensing[5]. The ocular microbiota may be disrupted under 
certain conditions, such as DE, use of contact lenses, 
antibiotic treatment, and infections; additionally, impaired 
OS integrity in patients with DE promotes the pathogenic 
role of the microflora[6-9]. Some pathogenic bacteria such as 
Staphylococcus aureus and Propionibacterium are associated 
with DE[3,10]. Hence, changes in OS microbial diversity in 
patients with DE deserve more research.
The new definition of DE includes its multifactorial nature 
with loss of tear film homeostasis central to its pathology[1]. 
Recent epidemiological surveys have shown that shortened 
tear film break-up time (TFBUT) DE is the most common 
type of DE disease in clinical practice[11-13]. Asia Dry Eye 
Society proposed DE diagnostic criteria according to DE 
symptoms and TFBUT<5s[14]. Different severities of DE may 
lead to distinct clinical manifestations and consequences; thus, 
different remedial principles may be needed[1,15]. Therefore, it 



1987

Int J Ophthalmol,    Vol. 16,    No. 12,  Dec. 18,  2023      www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

is necessary to investigate DE according to its classification. 
The general objective of DE treatment is to restore OS 
microenvironment homeostasis. Restoration of normal OS 
commensal flora should be considered an indispensable part 
of DE therapy. Changes in the OS microbiota have been 
hypothesized to be involved in DE pathophysiology. However, 
previous studies did not classify DE according to disease 
severity[7,16-17]. 

In the present study, 16S ribosomal ribonucleic acid (rRNA) 
gene sequencing was performed to analyze the OS commensal 
bacteria profiles of patients with DE having different severities 
based on TFBUT values. We aimed to gain an improved 
understanding of the relationship between disease severity and 
microbial diversity.
SUBJECTS AND METHODS
Ethical Approval  The present study adhered to the ethical 
guidelines stated in the Declaration of Helsinki, and written 
informed consent was obtained from all participants. The study 
procedure was sanctioned by the Medical Ethics Committee 
of Fengcheng Hospital, Shanghai (approval number: FCYY-
2019-TK322-1). 
This single-center study included patients who sought 
treatment for DE-related symptoms at outpatient clinics of 
Fengcheng Hospital between December 2020 and June 2021. 
Prior to the investigation, two ophthalmologists collected 
participants’ medical history and enquired about subjective 
symptoms. Subsequently, participants underwent ocular 
examination using slit lamp microscopy; thereafter, other DE 
examinations were performed.
Subjects  The study involved three groups of participants: 
1) control group (TFBUT≥5s), 2) mild DE (MDE) group 
(2s<TFBUT<5s), and 3) moderate-to-severe DE (MSDE) 
group (TFBUT≤2s). These groups had no significant 
differences in age and sex. The Asia Dry Eye Society 2016 
guidelines were used to diagnose DE, which required the 
presence of subjective symptoms of DE and TFBUT<5s[14]. 
Additionally, a cut-off value of TFBUT≤2s was applied in a 
large Norwegian cohort to investigate the severity of TFBUT 
and DE disease[18].
DE symptoms were defined as done in our previous 
studies, including dryness, foreign body sensation, 
redness, burning sensation, and sensation of heaviness in 
the eyelids. Participants who experienced one or more of 
the abovementioned symptoms often or persistently were 
categorized as positive for DE symptoms[19].
The exclusion criteria included the following ocular disorders 
which may affect tear production or quality[20-21]: 1) eyelid 
diseases: ectropion, entropion, ptosis, trichiasis, eyelid 
paralysis; 2) conjunctival disorders: palpebral fissures, 
pterygium, and conjunctivochalasis; 3) contact lenses use, 

history of ocular and periocular infection in the past three 
months, ocular or systemic antibiotic treatment within three 
months, ocular surgeries within six months, prior history of 
ocular chemical injuries, or use of ocular prescriptions or 
artificial tears; 4) systemic diseases and autoimmune diseases 
including diabetes, Parkinson’s disease, Grave’s disease, 
rheumatoid arthritis, Sjögren’s syndrome, and systemic lupus 
erythematosus. All enrolled patients were at least 18 years of 
age. 
Tear Sample Collection  DE tests were performed in all 
subjects, including TFBUT measurement, Schirmer’s test 
without the use of anesthesia, and corneal fluorescence 
staining. The strips for Schirmer’s test (Jingming, Tianjin, 
China) were applied to the external third of the conjunctival 
sac in each lower eyelid and left for 5min. After removing 
the strips from both eyes, they were collected in sterilized 
centrifuge tubes as one specimen and immediately stored at 
−80°C for subsequent investigations as previously reported[21]. 

When placing and collecting strips, sterile gloves were worn, 
and the hand that touched the strips had no contact with the 
lower eyelid skin.
Total Bacterial Deoxyribonucleic Acid Extraction  The 
OMEGA Soil DNA Kit (M5635-02; Omega Bio-Tek, 
Norcross, GA, USA) was used to extract the entire bacterial 
DNA. The quality and quantity of the extracted DNA were 
evaluated using a NanoDrop NC2000 spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA). Agarose gel 
electrophoresis was also performed to confirm the integrity of 
the DNA.
16S rRNA Gene Amplicon Sequencing  The bacterial 16S 
rRNA genes V3–V4 region was amplified by polymerase 
chain reaction (PCR) using the forward primer 338F 
(5’-ACTCCTACGGGAGGCAGCA-3’) and the reverse 
primer 806R (5’-GGACTACHVGGGTWTCTAAT-3’). For 
multiplex sequencing, the primers used for PCR amplification 
of the bacterial 16S rRNA genes V3–V4 region were modified 
to include sample-specific 7 bp barcodes. Thereafter, Vazyme 
VAHTSTM DNA Clean Beads (Vazyme, Nanjing, China) 
were used to purify PCR amplicons. The Quant-iT PicoGreen 
dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA) was 
used to quantify the purified DNA. The PCR amplicons were 
individually quantified and combined in equal amounts before 
undergoing pair-end 2×250 bp sequencing on the Illumina 
NovaSeq platform with the NovaSeq 6000 SP Reagent Kit 
(500 cycles) at Shanghai Personal Biotechnology Co., Ltd. 
(Shanghai, China).
Sequence and Bioinformatics Analyses  Microbiome 
bioinformatics analysis was conducted using Quantitative 
Insights Into Microbial Ecology software (QIIME 2). The 
raw sequence data were first demultiplexed using the demux 
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plug-in in QIIME 2. The primers were then removed from 
the demultiplexed sequences using the cut-adapt plug-in. 
The quality-filtered sequences were processed using the 
DADA2 plug-in in QIIME 2, which includes denoising, the 
merging of paired-end reads, and the removal of chimeric 
sequences. The non-singleton amplicon sequence variants 
(ASVs) were aligned using MAFFT[22], and a phylogenetic 
tree was constructed using FASTTREE2[23]. The ASVs were 
taxonomically classified using the classify-sklearn naïve Bayes 
taxonomy classifier in the feature-classifier plug-in, which was 
trained against the Greengenes_13 database. 
The alpha-diversity and beta-diversity metrics were calculated 
using the diversity plug-in in QIIME2. The rarefaction 
threshold was set at 90 278 sequences per sample. QIIME2 
software was used to determine alpha-diversity indices for 
each sample group separately, including the Chao1 index and 
Faith’s phylogenetic diversity (Faith’s PD) index for richness, 
Shannon and Simpson index for diversity, and three additional 
indices, involving Good’s coverage, Pielou’s evenness, and 
observed species. Box line plots were generated to compare 
the richness and evenness of ASVs among each sample 
group. The UniFrac distance metric was employed to analyze 
the beta diversity of microbial communities and investigate 
the differences in microbial community structures between 
groups. To examine the compositional profiles of species at the 
genus level, both principal coordinate analysis and nonmetric 
multidimensional scaling analysis were performed, which 
enable the visualization of similarities and differences in 
microbial community composition between different groups. 
Principal component analysis was used to identify patterns 
and relationships in the data along with outliers and anomalies 
at the genus level. To assess the significance of differences 
in microbial community structure between groups, analysis 
of variance using distance matrices and analysis of similarity 
were utilized. 
QIIME2 was used to obtain composition and abundance tables 
at six taxonomic levels (phylum, class, order, family, genus, 
and species) for each sample. Bar graphs were generated 
to visualize the analysis results. Permutational multivariate 
analysis of variance was employed to assess the statistical 
significance of differences in the microbial community 
structure between groups. 
QIIME2 and R packages (v3.2.0) were applied to analyze 
the sequence data. Linear discriminant analysis effect size 
(LEfSe) was exploited with default parameters to distinguish 
differentially abundant taxonomic categories among groups. 
Random forest analysis within QIIME 2 with default settings 
was utilized to develop predictive models by distinguishing 
between samples from different groups based on their 
microbial composition. Metabolic pathways and functions 

were predicted based on random forest ASV results using 
Phylogenetic Investigation of Communities by Reconstruction 
of Unobserved States (PICRUSt2).
Statistical Analysis  Clinical data analysis was conducted 
using SPSS (V.25.0, SPSS Science, Chicago, IL, USA). 
Descriptive statistics were provided for all outcome 
measurements, means and standard deviations were presented 
for continuous variables that met the normality assumption, 
and medians with Q1/Q3 were presented for continuous 
variables that did not meet this assumption. For categorical 
variables, frequencies and proportions were reported. Chi-
square tests were operated to compare categorical outcomes, 
one-way analysis of variance (ANOVA) was conducted to 
compare continuous outcomes in compliance with a normal 
distribution (based on Shapiro–Wilk test), Kruskal–Wallis test 
was used to compare continuous outcomes with non-normal 
distribution, and the Nemenyi method was conducted for 
pairwise comparisons. The level of statistical significance was 
defined as P<0.05.
RESULTS 
Population  A total of 199 individuals were divided into three 
groups: the control, MDE, and MSDE groups with 61, 56, and 
82 subjects, respectively. Table 1 displays the demographic and 
clinical characteristics of the participants. Our results revealed 
no significant differences in age and gender distribution among 
the three groups (P>0.05). The TFBUT and Schirmer’s test 
values were highest in the control group and lowest in the 
MSDE group, with a significant difference observed among the 
three groups.
Alpha Diversities  Alpha diversity is a measure of the 
diversity and richness of species within a local or uniform 
habitat, which considers indicators such as species richness, 
diversity, coverage, and evenness. Significant differences in the 
following parameters were detected among the three groups: 
richness indices: Chao1 (P<0.001), Faith’s PD (P<0.001); 
diversity indices: Shannon index (P=0.0016), Simpson index 
(P=0.0086); Good’s coverage (P=0.0013); Pielou’s evenness 
(P=0.01). The control group displayed the highest richness 
(Chao1, Faith’s PD), and the MDE group showed the highest 
diversity (Shannon, Simpson), whereas the MSDE group had 
the lowest richness and diversity among the four indices 
(Figure 1A).
Beta Diversities  Both principal coordinate analysis 
(Figure 1B) and nonmetric multidimensional scaling analysis 
(Figure 1C) showed that the MSDE group had the lowest beta 
diversity. Principal component analysis at the genus level 
revealed that patients with DE in the MDE and MSDE groups 
presented different bacterial microbiome compositions from 
healthy participants in the control group (Figure 1D). There 
was a significant difference in beta diversity among these 
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Table 1 Demographic and clinical characteristics: distribution of age, sex, TFBUT, Schirmer’s test results, and fluorescent staining

Parameters CON MDE MSDE Statistics P
Age (y) 41.80±14.15 43.04±14.31 43.07±13.87 F=0.168 0.845
Sex χ2=0.186 0.911

Male 24 (39.3) 20 (35.7) 30 (36.6)
Female 37 (60.7) 36 (64.3) 52 (63.4)

TFBUT (s) 7.60 (6.60, 8.40) 3.00 (2.50, 3.50)a 1.60 (1.50, 1.70)a,b H=175.132 <0.001
S1T (mm) 12.00 (10.00, 15.00) 7.00 (5.00, 10.00)a 4.00 (2.00, 8.00)a,b H=57.664 <0.001
FL 0.00 (0.00, 0.00) 0.00 (0.00, 0.00) 0.00 (0.00, 4.00)a,b H=44.834 <0.001

CON: Control group; MDE: Mild dry eye group; MSDE: Moderate-to-severe dry eye group; TFBUT: Tear film break-up time; S1T: 

Schirmer’s test without the use of anesthesia; FL: Corneal fluorescence staining. Statistical tests for the variables included a one-

way ANOVA for age; Chi-square test for sex; and Kruskal-Wallis test for TFBUT, S1T, and FL. aP<0.05 vs CON, bP<0.05 vs MDE.

Figure 1 Alpha diversities and beta diversities of the three groups  A: Alpha-diversity indices of the three groups. The P-values are the 

overall P-values of the Kruskal-Wallis test among the three groups; aP<0.05, bP<0.01, and cP<0.001. B–D: Beta diversity of the three groups. B: 

Principal coordinate analysis; C: Nonmetric multidimensional scaling analysis; D: Principal component analysis at the genus level; E: Difference 

exploration among the three groups via analysis of variance using distance matrices. PCo1: Principal coordinate 1; PCo2: Principal coordinate 

2; NMDS1: Nonmetric multidimensional scale 1; NMDS2: Nonmetric multidimensional scale 2; PC1: Principal component 1; PC2: Principal 

component 2; MDE: Mild dry eye; MSDE: Moderate-to-severe dry eye.
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groups (ANOVA using distance matrices, P=0.001; Figure 1E), 
and analysis of similarity demonstrated the significant effect 
of DE on the diversity between groups (Table 2).
Bacterial Composition at the Phylum, Family, and Genus 
Levels  At the phylum level, there was a gradual increase in 
Proteobacteria from the control group to the MSDE group, 
whereas Actinobacteria, Firmicutes, and Bacteroidetes 
exhibited a decrease in abundance (Figure 2A). The 
composition of the top five phyla between the three groups 
showed significant differences (Figure 2D). 
At the family level, Xanthomonadaceae, Oxalobacteraceae, 
Beijerinckiaceae, and Acetobacteraceae gradually increased 
from the control group to the MSDE group, whereas 
Corynebacteriaceae, Moraxellaceae, and Staphylococcaceae 
decreased (Figure 2B). The composition of the top nine 
families in the three groups showed significant differences 
(Figure 2E). 
At the genus level, Cupriavidus and Chelatococcus steadily 
increased from the control group to the MSDE group, whereas 
Corynebacterium, Lactobacillus, and Staphylococcaceae 
Staphylococcus decreased (Figure 2C). Enhydrobacter and 
Thermus had the highest relative abundance in the control and 
MSDE groups, respectively (Figure 2C). The composition of 
the genera with significant differences in the three groups is 
displayed in Figure 2F. 
Linear Discriminant Analysis Effect Size  Species with 
significantly different abundances in different groups were 
presented via LEfSe. The taxa which had a greater influence 
on the difference between groups are shown in the LEfSe 
cladogram (Figure 3A). The representative top five taxa in the 
three groups at the family and genus levels were as follows: 
control group: family: Corynebacteriaceae, Lactobacillus, 
Moraxellaceae, Brucellaceae, and Propionibacteriaceae; 
genus: Corynebacterium, Lactobacillus, Enhydrobacter, 
Ochrobactrum, and Propionibacterium; MDE group: family: 
Pseudomonadaceae, Micrococcaceae, Sphingomonadales, 
Comamonadaceae, and Nostocaceae; genus: Sphingomonas, 
Ar throbac ter ,  Sporosarc ina ,  Nes terenkon ia ,  and 
Dolichospermum; MSDE group: family: Xanthomonaceae, 
Oxalobacteraceae, Beijerinckiaceae, Thermaceae, and 
Acetobacteraceae, genus: Cupriavidus, Chelatococcus, 
Thermus, Chelativorans, and Allobaculum.
Identification of Species Differences and Marker Species 
using Random Forest Analysis  The results from random 
forest analysis indicated significant differences (P<0.05) among 
the three groups (Figure 3B-3D). Notably, Proteobacteria 
and Thermi exhibited higher abundances in the MSDE group. 
Spirochaetes, Cyanobacteria, Acidobacteria, and Chloroflexi 
were highly abundant in the MDE group. At the family 
level, Pseudococcidae, Xanthomonadaceae, Beijerinckiaceae, 

Acetobacteraceae, Bacillaceae, and Planococcaceae were more 
abundant in the MSDE group. Pseudomonadaceae was more 
abundant in the MDE group. At the genus level, Cupriavidus, 
Chelatococcus, Sphingopyxis, Tremblaya, Allobaculum, and 
Arthrobacter were more abundant in the MSDE group.
The ASVs were found by random forest analysis (Figure 3E). The 
10 most abundant ASV annotations in the MDE and MSDE 
groups are listed in Table 3. The ASVs were mainly classified 
into the following phyla and families: Proteobacteria: 
Pseudomonadaceae, Moraxellaceae, and Pseudococcidae. 
Predicted Metabolic Pathways and Functions based on 
Random Forest Amplicon Sequence Variants with 
PICRUSt2  Prediction of metabolic pathways and functions 
was performed based on the top 20 random forest ASV results. 
Figure 4A shows the results of the differential analysis of 
KEGG metabolic pathways at Level 1. Differential analysis 
of Level 2 metabolic pathways belonging to human disease 
and metabolism in Level 1 pathways in the KEGG database 
are presented in Figures 4B and 4C. Human disease pathways 
included infectious diseases and neurodegenerative diseases 
with significant differences between the three groups. 
Metabolism pathways representing the metabolism of cofactors 
and vitamins, carbohydrate metabolism, lipid metabolism, and 
nucleotide metabolism exhibited significant differences and 
relative abundance between the three groups.
DISCUSSION
Some studies have explored the commensal microbiota on the 
OS through various methods, including traditional microbial 
cultures and 16S rRNA gene sequencing[24-26]. The microbiota 
plays a key role in maintaining the OS microenvironment 
balance under normal physiological conditions. The microbiota 
constitution can differ under certain conditions, such as 
DE, personal habits, rubbing eyes, antibiotic usage, use of 
contact lenses, infectious conditions, systemic diseases, and 
perioperative management[7,9,10,21,27-29]. Thus, this study aims to 
investigate the OS microbiota composition of patients with DE 
having different severities based on TFBUT values via 16S 
rRNA sequencing using Schirmer’s strips. DE development 
was accompanied by corresponding changes in OS microbial 
components and abundance. These findings may indicate 
that DE development is accompanied by decreased microbial 
diversity and more homogeneous species composition.

Table 2 Analysis of similarity for diversity between groups

Group 1 Group 2 Sample size R P
All -- 199 0.173 0.001
CON MDE 117 0.143 0.001
CON MSDE 143 0.286 0.001
MDE MSDE 138 0.084 0.003

CON: Control group; MDE: Mild dry eye group; MSDE: Moderate-to-

severe dry eye group.

Ocular surface microbiota in dry eye
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Figure 2 Bacterial composition of the three groups at the phylum, family, and genus levels  A: Comparison of bacterial composition at the 

phylum level across the three groups. B: Comparison of bacterial composition at the family level in the three groups. C: Comparison of bacterial 

composition at the genus level in the three groups. D: Box plots for difference test at the phylum level in the three groups. E: Box plots for 

difference test at the family level in the three groups. F: Box plots for difference test at the genus level in the three groups. The P-values are the 

overall P-values of the Kruskal–Wallis test among three groups; aP<0.05, bP<0.01, and cP<0.001. MDE: Mild dry eye; MSDE: Moderate-to-severe 

dry eye.
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DE alters the frequency and density of specific bacterial 
groups. In this study, the MSDE group had the lowest richness 
and diversity in four indices of alpha diversity, while the 
control group had the highest richness as measured by the 
Chao1 and Faith’s PD indices. These findings share a similarity 
with Li et al’s[8] study, in that they both observed higher alpha-
diversity indices, specifically Shannon and Simpson, in the 
non-DE group compared to the DE group. In contrast, their 
study did not find any significant differences in the other two 
indices, including Chao1 and observed species, between the 
DE and non-DE groups[30]. Additionally, the beta diversity of 

the microbial community decreased with increased DE severity 
(Figure 1B, 1C). Thus, the severity may be associated with a 
distinct assembly of the ocular bacterial community. Similarly, 
Andersson et al[7] discovered reduced microbiota diversity 
among patients suffering from aqueous tear-deficient DE, and 
when compared to normal individuals, these patients exhibited 
differences in microbiota composition. Song et al[30] reported a 
significant difference in beta diversity among the three groups. 
However, in contrast to our findings, their control group 
exhibited a more centralized distribution of samples, whereas 
the samples in the two DE groups were more dispersed. The 

Table 3 Classification annotation information about the ASVs of the marker group

ASVs Phylum Class Order Family Genus Species

ASV_3611 Proteobacteria Betaproteobacteria Hemiptera Pseudococcidae Tremblaya Tremblaya_phenacola

ASV_15624 Proteobacteria Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter Acinetobacter_guillouiae

ASV_69126 Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae Unclassified 
Pseudomonadaceae

ASV_170446 Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae Unclassified 
Pseudomonadaceae

ASV_46050 Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae Unclassified 
Pseudomonadaceae

ASV_136142 Proteobacteria Gammaproteobacteria Unclassified
Gammaproteobacteria

Unclassified 
Gammaproteobacteria

ASV_39748 Proteobacteria Gammaproteobacteria Pseudomonadales Moraxellaceae Acinetobacter Unclassified Acinetobacter

ASV_198943 Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae Unclassified
Pseudomonadaceae

ASVs: Amplicon sequence variants.

Figure 3 Linear discriminant analysis and random forest analysis of the three groups  A: Linear discriminant analysis effect size cladogram 

showing the taxa with significantly different abundances between different groups. B: Random forest analysis at the phylum level. C: Random 

forest analysis at the family level. D: Random forest analysis at the genus level. E: Random forest analysis of ASVs. MDE: Mild dry eye; MSDE: 

Moderate-to-severe dry eye. ASVs: Amplicon sequence variants.

Ocular surface microbiota in dry eye
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differentiation may be caused by the difference in the DE 
classification methods used in their study and the present study. 
A study examining oral microbial diversity in individuals 
with atrophic glossitis and healthy controls revealed that the 
former group exhibited lower levels of bacterial diversity than 
the latter[31]. This study was analogous to our findings, which 
suggest a decrease in bacterial diversity in patients compared 
to healthy individuals. Therefore, it can be concluded that 
patients with more severe DE also exhibit lower levels of 
bacterial diversity. 
Alterations in bacterial composition were discovered among 
the three groups. At the phylum levels, Proteobacteria and 
Thermi abundance increased in the MSDE group compared 
with the MDE and control groups, whereas Actinobacteria 
and Firmicutes showed the opposite trend in the same 
groups. In addition, the random forest analysis at the phylum 
level was consistent with the bacterial composition, that is, 
Proteobacteria and Thermi showed significant importance in 
the MSDE group. Proteobacteria, Actinobacteria, Firmicutes, 
and Deinococcus-Thermus are reported to be representative 
clones of human conjunctiva[26]. Thermus is a widely 
distributed genus of thermophilic bacteria that can be isolated 
from both natural and man-made thermal environments[32]. 
Based on the information presented, it is possible that the 
increased proportion of core taxa, such as Proteobacteria 
and Thermi, in the MSDE group may negatively impact the 
microbiota homeostasis of the OS. Therefore, changes in the 
composition of these taxa in the OS could be closely related to 
DE development. 
The discriminating genera in the control group were mainly 
harmless normal flora. For instance, Corynebacterium is 
widely distributed in nature in the microbiota of animals and 

humans. Furthermore, they are the most common commensal 
flora that exists with their hosts due to their mostly harmless 
nature[33]. In a study by Ge et al[28], Corynebacterium exhibited 
the highest relative abundance in the OS of healthy eyes 
from the control group. Moreover, Enhydrobacter was also a 
core OS microbiota in most participants[7]. In the MDE and 
MSDE groups, multiple pathogenic bacteria were detected. 
Pseudomonadaceae showed significant importance at the 
family level in the MDE group via random forest analysis. The 
ASVs found in the current study were also mainly included in 
Pseudomonadaceae at the family level. Pseudomonadaceae 
is a family of gram-negative bacteria, including the genus 
Pseudomonas, which is pathogenic to humans[34]. Pseudomonas 
aeruginosa is a common pathogen that may induce severe 
ocular infection with possible vision loss[35-36], but the 
Pseudomonadaceae detected in this study with no classified 
information may belong to different species with dissimilar 
characteristics. Bacillaceae, which includes additional species 
with pathogenic potential, was vital at the family level in 
the MSDE group. Certain strains of Bacillus cereus have the 
potential to cause a range of infections, including localized 
wounds and ocular infections[37]. Furthermore, a differential 
analysis of Level 2 metabolic pathways indicated that the 
infectious disease pathway exhibits significant differences. 
Thus, it can be inferred that the exacerbation of DE disease is 
accompanied by the enrichment of some pathogenic bacteria. 
Further investigations of the relationship between these 
pathogenic bacteria and DE are needed. 
Some studies demonstrate that the effectiveness of 
supplementation with prebiotics or probiotics in reducing DE 
is associated with improved tear film function and restored OS 
microbiological activity in patients with DE[38-39]. This may 

Figure 4 Prediction of metabolic pathways and functions using PICRUSt2 based on random forest ASV results  A: Differential analysis of 

Level 1 metabolic pathways in the KEGG database. B: Differential analysis of Level 2 metabolic pathways belonging to human disease (Level 1) 

pathway in the KEGG database. C: Differential analysis of Level 2 metabolic pathways belonging to metabolism (Level 1) pathway in the KEGG 

database. PICRUSt: Phylogenetic investigation of communities by reconstruction of unobserved states; ASVs: Amplicon sequence variants; MDE: 

Mild dry eye; MSDE: Moderate-to-severe dry eye.
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also be an option for future DE treatment, as there have been 
studies confirming the existence of a gut-eye axis[40-41]. The OS 
microbiome is an extremely complicated issue that requires 
extensive research. Additionally, a more comprehensive 
longitudinal study may be considered for future analyses 
to examine how microbial composition changes after DE 
treatment and whether it returns to the control group level.
This study has some limitations. First, a separate group 
of subjects with TFBUT>10s was not set up; therefore, 
information about the OS microbiome of this group may have 
been missed. Second, as DE classification mainly depended 
on TFBUT values, the result does not fully reflect all types 
of DE conditions. Third, considering the geographical and 
sample size restrictions, there may be bias in the subjects that 
participated in the study. Different bacteria from other reports 
appeared in this study, and given that the OS is constantly 
exposed to bacteria from the external environment, it is highly 
probable that the microbiome present on the OS originates 
from external sources, such as water, earth, and air, as well 
as internal sources such as the body itself, including the lids, 
nasopharynx, obstetric canal, and skin[42]. Therefore, different 
species with significantly different abundances found in each 
group in this study had their own regional characteristics, and 
further investigation of OS microbiota is needed. Lastly, aside 
from the identified bacteria, additional factors beyond the 
scope of the current study may have contributed to DE. For 
instance, latent infections such as infections with Chlamydia 
trachomatis and Ureaplasma urealyticum have been observed 
in individuals with DE[43-44]. Further exploration is necessary to 
comprehensively understand the causes of the complexity of DE.
This study showed that patients with varying severities of 
DE had dissimilar bacterial diversities and OS microbial 
compositions. As DE severity worsens, microbial community 
diversity decreases, resulting in a more homogeneous ocular 
bacterial community structure that may be enriched with 
certain pathogenic bacteria. In this study, we investigated the 
microbial profile of patients with DE having different severities 
according to TFBUT values. Assessing alterations in the 
microecological OS environment across varying degrees of DE 
severity can provide valuable insights into the DE microbiome 
and potentially guide the development of effective treatment 
strategies.
ACKNOWLEDGEMENTS
The authors thank all the staff and participants of this study for 
their valuable skills and support. The authors thank Shanghai 
Personal Biotechnology Co., Ltd (Shanghai, China) for 
technical support.
Authors’ contributions: Zou XR and Zhang P are joint first 
authors. Zou XR designed this study. Zou XR and Zhang P 
analysed the data and drafted the manuscript. Zhou Y and Yin 

Y collected the data. All authors have read and approved the 
final manuscript.
Foundation: Supported by Shanghai Municipal Health 
Commission (No.201940243).
Conflicts of Interest: Zou XR, None; Zhang P, None; Zhou Y, 
None; Yin Y, None.
REFERENCES

1 Craig JP, Nichols KK, Akpek EK, Caffery B, Dua HS, Joo CK, Liu 

Z, Nelson JD, Nichols JJ, Tsubota K, Stapleton F. TFOS DEWS II 

Definition and classification report. Ocul Surf 2017;15(3):276-283.

2 Stapleton F, Alves M, Bunya VY, Jalbert I, Lekhanont K, Malet F, Na 

KS, Schaumberg D, Uchino M, Vehof J, Viso E, Vitale S, Jones L. 

TFOS DEWS II epidemiology report. Ocul Surf 2017;15(3):334-365.

3 Zhang X, M VJ, Qu Y, He X, Ou S, Bu J, Jia C, Wang J, Wu H, 

Liu Z, Li W. Dry eye management: Targeting the ocular surface 

microenvironment. Int J Mol Sci 2017;18(7):1398.

4 Aragona P, Baudouin C, Benitez Del Castillo JM, et al. The ocular 

microbiome and microbiota and their effects on ocular surface 

pathophysiology and disorders. Surv Ophthalmol 2021;66(6):907-925.

5 Striednig B, Hilbi H. Bacterial quorum sensing and phenotypic 

heterogeneity: How the collective shapes the individual. Trends 

Microbiol 2022;30(4):379-389.

6 Okonkwo A, Rimmer V, Walkden A, Brahma A, Carley F, McBain AJ, 

Radhakrishnan H. Next-generation sequencing of the ocular surface 

microbiome: In health, contact lens wear, diabetes, trachoma, and dry 

eye. Eye Contact Lens 2020;46(4):254-261.

7 Andersson J, Vogt JK, Dalgaard MD, Pedersen O, Holmgaard K, 

Heegaard S. Ocular surface microbiota in patients with aqueous tear-

deficient dry eye. Ocul Surf 2021;19:210-217.

8 Li Z, Gong Y, Chen S, Li S, Zhang Y, Zhong H, Wang Z, Chen Y, Deng 

Q, Jiang Y, Li L, Fu M, Yi G. Comparative portrayal of ocular surface 

microbe with and without dry eye. J Microbiol 2019;57(11):1025-1032.

9 Andersson J, Vogt JK, Dalgaard MD, Pedersen O, Holmgaard K, 

Heegaard S. Ocular surface microbiota in contact lens users and 

contact-lens-associated bacterial keratitis. Vision (Basel) 2021;5(2):27.

10 Jing D, Jiang X, Ren X, Su J, Huang C, Yang J, Hao R, Li X. 

Metagenomic nanopore sequencing of ocular microbiome in 

patients with meibomian gland dysfunction. Front Med (Lausanne) 

2022;9:1045990.

11 Rolando M, Merayo-Lloves J. Management strategies for 

evaporative dry eye disease and future perspective. Curr Eye Res 

2022;47(6):813-823.

12 Uchino M, Kawashima M, Uchino Y, Tsubota K, Yokoi N. Association 

between tear film break up time and blink interval in visual display 

terminal users. Int J Ophthalmol 2018;11(10):1691-1697. 

13 Eom Y, Hyon JY, Lee HK, Song JS, Kim HM. A multicenter cross-

sectional survey of dry eye clinical characteristics and practice patterns 

in Korea: The DECS-K study. Jpn J Ophthalmol 2021;65(2):261-270.

14 Tsubota K, Yokoi N, Shimazaki J, Watanabe H, Dogru M, Yamada 

M, Kinoshita S, Kim HM, Tchah HW, Hyon JY, Yoon KC, Seo KY, 

Ocular surface microbiota in dry eye



1995

Int J Ophthalmol,    Vol. 16,    No. 12,  Dec. 18,  2023      www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

Sun X, Chen W, Liang L, Li M, Liu Z, Asia Dry Eye Society. New 

perspectives on dry eye definition and diagnosis: A consensus report 

by the Asia Dry Eye Society. Ocul Surf 2017;15(1):65-76.

15 Definition and Classification Subcommittee. The definition and 

classification of dry eye disease: Report of the Definition and 

Classification Subcommittee of the International Dry Eye WorkShop 

(2007). Ocul Surf 2007;5(2):75-92.

16 Liang Q, Li J, Zou Y, et al. Metagenomic analysis reveals the 

heterogeneity of conjunctival microbiota dysbiosis in dry eye disease. 

Front Cell Dev Biol 2021;9:731867.

17 Qi Y, Wan Y, Li T, Zhang M, Song Y, Hu Y, Sun Y, Li L. Comparison 

of the ocular microbiomes of dry eye patients with and without 

autoimmune disease. Front Cell Infect Microbiol 2021;11:716867.

18 Yazdani M, Fiskådal J, Chen X, Utheim ØA, Ræder S, Vitelli V, 

Utheim TP. Tear film break-up time and dry eye disease severity in a 

large Norwegian cohort. J Clin Med 2021;10(4):884.

19 Huang X, Zhang P, Zou X, et al. Two-year incidence and associated 

factors of dry eye among residents in Shanghai communities with type 

2 diabetes mellitus. Eye Contact Lens 2020;46(Suppl 1):S42-S49.

20 Zou X, Lu L, Xu Y, et al. Prevalence and clinical characteristics of 

dry eye disease in community-based type 2 diabetic patients: the 

Beixinjing eye study. BMC Ophthalmol 2018;18(1):117.

21 Zhang Z, Zou X, Xue W, Zhang P, Wang S, Zou H. Ocular surface 

microbiota in diabetic patients with dry eye disease. Invest Ophthalmol 

Vis Sci 2021;62(12):13.

22 Katoh K, Misawa K, Kuma K, Miyata T. MAFFT: A novel method for 

rapid multiple sequence alignment based on fast Fourier transform. 

Nucleic Acids Res 2002;30(14):3059-3066.

23 Price MN, Dehal PS, Arkin AP. FastTree: computing large minimum 

evolution trees with profiles instead of a distance matrix. Mol Biol 

Evol 2009;26(7):1641-1650.

24 Capriotti JA, Pelletier JS, Shah M, Caivano DM, Ritterband DC. 

Normal ocular flora in healthy eyes from a rural population in Sierra 

Leone. Int Ophthalmol 2009;29(2):81-84.

25 Vishwakarma P, Mitra S, Beuria T, et al. Comparative profile of ocular 

surface microbiome in vernal keratoconjunctivitis patients and healthy 

subjects. Graefes Arch Clin Exp Ophthalmol 2021;259(7):1925-1933.

26 Deepthi KG, Jayasudha R, Girish RN, Manikandan P, Ram R, 

Narendran V, Prabagaran SR. Polybacterial community analysis in 

human conjunctiva through 16S rRNA gene libraries. Exp Eye Res 

2018;174:1-12.

27 Petrillo F, Pignataro D, Lavano MA, Santella B, Folliero V, Zannella 

C, Astarita C, Gagliano C, Franci G, Avitabile T, Galdiero M. Current 

evidence on the ocular surface microbiota and related diseases. 

Microorganisms 2020;8(7):1033.

28 Ge C, Wei C, Yang BX, Cheng J, Huang YS. Conjunctival microbiome 

changes associated with fungal keratitis: metagenomic analysis. Int J 

Ophthalmol 2019;12(2):194-200.

29 Hu YG, Wu Q, Li TH, Sui F, Zhang M, Zhang Z, Shi R, Hui N, Qin 

L, Li L. Effects of perioperative managements on ocular surface 

microbiota in intravitreal injection patients. Int J Ophthalmol 

2022;15(2):248-254.

30 Song H, Xiao K, Chen Z, Long Q. Analysis of conjunctival sac 

microbiome in dry eye patients with and without Sjögren’s syndrome. 

Front Med (Lausanne) 2022;9:841112.

31 Li H, Sun J, Wang X, Shi J. Oral microbial diversity analysis among 

atrophic glossitis patients and healthy individuals. J Oral Microbiol 

2021;13(1):1984063.

32 Cava F, Hidalgo A, Berenguer J. Thermus thermophilus as biological 

model. Extremophiles 2009;13(2):213-231.

33 Collins MD, Hoyles L, Foster G, Falsen E. Corynebacterium caspium 

sp. nov., from a Caspian seal (Phoca caspica). Int J Syst Evol 

Microbiol 2004;54(3):925-928.

34 Crousilles A, Maunders E, Bartlett S, Fan C, Ukor EF, Abdelhamid 

Y, Baker Y, Floto A, Spring DR, Welch M. Which microbial factors 

really are important in Pseudomonas aeruginosa infections? Future 

Microbiol 2015;10(11):1825-1836.

35 Kim DJ, Jung MY, Park JH, Pak HJ, Kim M, Chuck RS, Park CY. 

Moxifloxacin releasing intraocular implant based on a cross-linked 

hyaluronic acid membrane. Sci Rep 2021;11(1):24115.

36 Cappiello F, Verma S, Lin X, Moreno IY, Casciaro B, Dutta D, a. Novel 

peptides with dual properties for treating Pseudomonas aeruginosa 

keratitis: Antibacterial and corneal wound healing. Biomolecules 

2023;13(7):1028.

37 Ehling-Schulz M, Lereclus D, Koehler TM. The Bacillus cereus 

group: Bacillus species with pathogenic potential. Microbiol Spectr 

2019;7(3).

38 Rastmanesh RR. Aquaporin5-targeted treatment for dry eye through 

bioactive compounds and gut microbiota. J Ocul Pharmacol Ther 

2021;37(8):464-471.

39 Chisari G, Chisari EM, Borzi AM, Chisari CG. Aging eye microbiota 

in dry eye syndrome in patients treated with Enterococcus faecium and 

Saccharomyces boulardii. Curr Clin Pharmacol 2017;12(2):99-105.

40 Filippelli M, dell’Omo R, Amoruso A, Paiano I, Pane M, Napolitano 

P, Campagna G, Bartollino S, Costagliola C. Effectiveness of oral 

probiotics supplementation in the treatment of adult small chalazion. 

Int J Ophthalmol 2022;15(1):40-44.

41 Bai X, Xu Q, Zhang W, Wang C. The gut-eye axis: correlation between 

the gut microbiota and autoimmune dry eye in individuals with 

Sjögren syndrome. Eye Contact Lens 2023;49(1):1-7.

42 Ozkan J, Willcox MD. The ocular microbiome: Molecular 

characterisation of a unique and low microbial environment. Curr Eye 

Res 2019;44(7):685-694.

43 Boiko EV, Pozniak AL, Maltsev DS, Suetov AA, Nuralova IV. High 

frequency of latent conjunctival C. trachomatis, M. hominis, and 

U. urealyticum infections in young adults with dry eye disease. J 

Ophthalmol 2014;2014:154627.

44 Abdelfattah MM, Khattab RA, Mahran MH, Elborgy ES. Evaluation of 

patients with dry eye disease for conjunctival Chlamydia trachomatis 

and Ureaplasma urealyticum. Int J Ophthalmol 2016;9(10):1457-1465. 


	_Hlk138842481
	OLE_LINK119
	OLE_LINK120
	_Hlk141994889
	_Hlk149212659
	_Hlk85751328
	_Hlk149464922
	_Hlk141035055
	_Hlk141035072
	OLE_LINK3
	_Hlk149230317
	_GoBack
	OLE_LINK55
	_Hlk91268773
	_Hlk91268756
	_Hlk90061687
	_Hlk90061740
	_Hlk91271193
	_Hlk91277122
	_Hlk91277098
	_Hlk103511401
	_Hlk103509971
	_Hlk91530374
	OLE_LINK36
	OLE_LINK40
	_Hlk125143863
	_Hlk147149598
	_Hlk149230317
	OLE_LINK2
	_Hlk125124798
	_Hlk124369820
	OLE_LINK7
	_Hlk125183722
	_Hlk125190237
	_Hlk125189680
	_Hlk125190148
	OLE_LINK3
	_Hlk147147616
	_Hlk147400311
	_Hlk147400528
	_Hlk149837571
	_Hlk10105297
	OLE_LINK67
	OLE_LINK69
	_Hlk142899008
	OLE_LINK43
	OLE_LINK54
	OLE_LINK19
	_Hlk32259577
	_Hlk32259610
	_Hlk32259623
	OLE_LINK20
	OLE_LINK45
	OLE_LINK51
	OLE_LINK46
	OLE_LINK41
	OLE_LINK12
	OLE_LINK24
	OLE_LINK37
	_Hlk149230317
	OLE_LINK48
	OLE_LINK4
	OLE_LINK1
	OLE_LINK2
	OLE_LINK65
	_Hlk535998111
	OLE_LINK6
	OLE_LINK7
	OLE_LINK9
	OLE_LINK10
	OLE_LINK17
	OLE_LINK8
	_Hlk536000257
	OLE_LINK13
	OLE_LINK14
	OLE_LINK39
	OLE_LINK40
	OLE_LINK15
	OLE_LINK16
	translation_sen_id-4
	translation_sen_id-1
	translation_sen_id-3
	OLE_LINK21
	OLE_LINK35
	OLE_LINK52
	OLE_LINK56
	OLE_LINK59
	OLE_LINK62
	OLE_LINK31
	OLE_LINK3
	OLE_LINK29
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	_Hlk148605665
	PositionBeforeFormat
	OLE_LINK1
	OLE_LINK46
	OLE_LINK13
	OLE_LINK20
	OLE_LINK23
	OLE_LINK24
	OLE_LINK10
	OLE_LINK14
	OLE_LINK16
	OLE_LINK15
	OLE_LINK17
	OLE_LINK27
	OLE_LINK19
	OLE_LINK30
	OLE_LINK32
	OLE_LINK29
	OLE_LINK3
	OLE_LINK26
	OLE_LINK9
	OLE_LINK34
	OLE_LINK35
	OLE_LINK36
	OLE_LINK4
	OLE_LINK21
	OLE_LINK5
	_Hlk137221880
	OLE_LINK6
	OLE_LINK12
	OLE_LINK11
	OLE_LINK37
	OLE_LINK7
	OLE_LINK28
	OLE_LINK84
	OLE_LINK39
	OLE_LINK38
	OLE_LINK47
	OLE_LINK64
	OLE_LINK61
	OLE_LINK8
	OLE_LINK65
	OLE_LINK74
	OLE_LINK71
	OLE_LINK72
	OLE_LINK85
	OLE_LINK70
	OLE_LINK73
	OLE_LINK77
	OLE_LINK42
	OLE_LINK44
	OLE_LINK76
	OLE_LINK89
	OLE_LINK91
	OLE_LINK92
	_Hlk142676516
	_Hlk142676531
	OLE_LINK100
	OLE_LINK97
	OLE_LINK101
	OLE_LINK81
	OLE_LINK102
	OLE_LINK103
	OLE_LINK43
	OLE_LINK45
	OLE_LINK48
	OLE_LINK63
	OLE_LINK58
	OLE_LINK55
	OLE_LINK56
	OLE_LINK53
	OLE_LINK59
	OLE_LINK52
	OLE_LINK98
	OLE_LINK99
	OLE_LINK68
	OLE_LINK69
	_Hlk137221912
	_Hlk124004506
	_Hlk124004279
	_Hlk149055863
	_Hlk124016688
	OLE_LINK16
	OLE_LINK13
	_Hlk16518107
	_Hlk97195352
	_Hlk67576982
	OLE_LINK1
	_Hlk88747580
	_Hlk150440374
	_Hlk108183234
	OLE_LINK3
	OLE_LINK2
	OLE_LINK4
	_Hlk88748841
	OLE_LINK18
	OLE_LINK21
	_Hlk83730683
	_Hlk133177996
	OLE_LINK19
	_Hlk88748625
	OLE_LINK20
	OLE_LINK22
	OLE_LINK23
	OLE_LINK24
	OLE_LINK5
	Dynamic tear meniscus parameters in complete blinking: insights into dry eye assessment
	Ying-Huai Zhang1,2, Jun Feng3, Chen-Yuan Yi1,2, Xian-Yu Deng1,2, Yong-Jin Zhou1,2, Lei Tian3, Ying Jie3

	Effects of diquafosol sodium in povidone iodine-induced dry eye model
	Can Zhang1, He Wang2, Dong-Yan Chen3, Kai Zhao1, Wei Wang2, Ming-Xin Li2

	Morroniside ameliorates lipopolysaccharide-induced inflammatory damage in iris pigment epithelial cells through inhibition of TLR4/JAK2/STAT3 pathway 
	Wen-Jie Li1,2, Lin Liu2, Hong Lu1,3 

	Role of reactive oxygen species in epithelial­—mesenchymal transition and apoptosis of human lens epithelial cells
	Rui-Hua Jing1, Cong-Hui Hu2, Tian-Tian Qi2, Bo Ma2

	Electroacupuncture alleviates ciliary muscle cell apoptosis in lens-induced myopic guinea pigs through inhibiting the mitochondrial signaling pathway
	Zhao-Hui Yang1, Jia-Wen Hao1, Jin-Peng Liu1, Bo Bao1, Tu-Ling Li1, Qiu-Xin Wu2, Ming-Guang He3, Hong-Sheng Bi2,4, Da-Dong Guo4

	De novel heterozygous copy number deletion on 7q31.31-7q31.32 involving TSPAN12 gene with familial exudative vitreoretinopathy in a Chinese family
	Shuang Zhang, Hai-Ming Yong, Gang Zou, Mei-Jiao Ma, Xue Rui, Shang-Ying Yang, Xun-Lun Sheng

	A pedigree with retinitis pigmentosa and its concomitant ophthalmic diseases
	Hong-Dou Luo, Shao-Nan Pei, Ai-Jia Wang, Xue-Qing Yu, Hai-Jian Hu, Ling Zeng, Fei-Fei Wang, Ming Jin, Xu Zhang 

	Clinical significance of episcleral venous fluid wave in gonioscopy-assisted transluminal trabeculotomy
	Liu-Zhi Zeng1, Yu He1, Xiao-Qin Wang1, Yi-Ping Xian1, Han-Ying Fan1, Lin Jing1, Jing Shu1, Qin Li1, Ning-Li Wang2

	Retinal microvascular and microstructural alterations in the diagnosis of meibomian gland dysfunction in severely obese population: a new approach
	Hai Huang1, Xiao-Yu Wang2,3, Hong Wei4,5, Min Kang4,5, Jie Zou4,5, Qian Ling4,5, San-Hua Xu4,5, Hui Huang4,5, Xu Chen6, Yi-Xin Wang7, Yi Shao4,5, Yao Yu2

	Ocular surface microbiota in patients with varying degrees of dry eye severity
	Xin-Rong Zou1,2, Pei Zhang3,4, Yuan Zhou1,2, Yao Yin1,2

	Symmetrical femtosecond laser arc incision in correcting corneal astigmatism in cataract patients
	Zun-Xia Hu1, Jing Sima1, Jia-Guo Cao1, Yan Ke1, Ying-Ying Zhang1, Qiong-Tian Guo1, Yu-Ping He1, Hong-Xia Liao1, Xiao Tan1, Bo Qin1, Li Li1,2

	Surgical outcome comparisons of multifocal IOLs of Lentis Comfort LS-313 MF15 and Tecnis Eyhance DIB00V
	Kyohei Sugawara, Ryosuke Ito, Hiroshi Horiguchi, Kei Mizobuchi, Satoshi Katagiri, Hisato Gunji, Tadashi Nakano

	Effect of low dose laser cycloplasty on deepening anterior chamber in chronic angle-closure glaucoma
	Xuan-Li Zheng1, Hai-Shuang Lin1, Xiao-Jie Wang1, Jia-Qian Li1, Yan-Qian Xie2,3, Shao-Dan Zhang2,3, Yuan-Bo Liang2,3

	Peripapillary and macular vascular densities in healthy, ocular hypertensive, and different stages of glaucomatous eyes
	Caner Öztürk1, Sirel Gür Güngör2, Ümit Ekşioğlu2, Almila Sarıgül Sezenöz2, Meriç Çolak3

	Optical coherence tomography angiography characteristics of exudative and non-exudative treatment-naïve pachychoroid neovasculopathy
	Chun Yang, Zu-Hua Sun, Ting-Ye Zhou, Wei-Wei Zheng, Xiao-Ling Liu, Bing Lin

	Risk factors and prognosis of pediatric rhegmatogenous retinal detachment in Egypt: a university hospital based study
	Mohamed Gaber Eissa, Mohamad Amr Salah Eddin Abdelhakim, Tamer Ahmed Macky, Hassan Aly Mortada

	Retinal laser photocoagulation and intravitreal injection of anti-VEGF for hemorrhagic retinal arterial microaneurysm
	Ying Huang, Wei-Wei Zheng, Ying-Zi Li, Zu-Hua Sun, Bing Lin

	Optical coherence tomography angiography for macular microvessels in ischemic branch retinal vein occlusion treated with conbercept: predictive factors for the prognosis
	Li Tang, Guang-Li Sun, Yue Zhao, Ting-Ting Yang, Jin Yao 

	How long does the recovery of corneal sensitivity in different corneal regions take after LASEK?
	Ali Mirzajani1, Aria Bouyeh1, Fatemeh Khezri1, Ebrahim Jafarzadehpur1, Farid Karimian2 

	Peripapillary intrachoroidal cavitation at the crossroads of peripapillary myopic changes
	Adèle Ehongo1, Zaki Hasnaoui1, Nacima Kisma1, Yassir Alaoui Mhammedi1, Artemise Dugauquier1, Kevin Coppens2, Eloïse Wellens3, Viviane de Maertelaere4, Françoise Bremer1, Karelle Leroy5

	Quality of life and depression among patients with high myopia in Nigeria–a cross sectional study
	Uchechukwu Levi Osuagwu1,2, Kelechukwu Enyinnaya Ahaiwe3, Nnaemeka Meribe4, Elizabeth Dennis Nkanga5, Bernadine Nsa Ekpenyong6, Affiong Andem Ibanga5, Piwuna Christopher Goson7, Dennis George Nkanga5

	Observation of peripheral refraction in myopic anisometropia in young adults
	Yu-Qin Du1,2, Yue-Hua Zhou1,2, Ming-Wei Ding1,2, Ming-Xu Zhang1,2, Yu-Juan Guo1,2, Shan-Shan Ge1,2

	Evaluation of macular choroidal and microvascular network changes by activity scores and serum antibodies in thyroid eye patients and healthy subjects
	Mehmet Erkan Dogan1, Ibrahim Basol2, Hatice Deniz Ilhan1, Yusuf Ayaz1, Olgar Ocal3 

	Agreements’ profile of Scheimpflug-based optical biometer with gold standard partial coherence interferometry
	Sara Sardari1,2, Akbar Fotouhi3, Ebrahim Jafarzadehpur4, Mehdi Khabazkhoob5

	Different approaches for treating myopic choroidal neovascularization: a network Meta-analysis
	Ya-Jun Wu1,2,3, Yu-Liang Feng1,2,3, Jia-Song Yang1,2,3, Hua Fan2,3, Wen-Sheng Li1,2,3

	Visualized analysis of research on myopic traction maculopathy based on CiteSpace
	Heng-Di Zhang1, Ling Zhang2, Fei Han1, Ning Lin1, Wei Jiang1

	Glaucoma among Saudi Arabian population: a scoping review
	Ismail Abuallut1, Mohammed Khalid Arishi2, Ahmed Mustafa Albarnawi2, Sumayyah Ali Jafar2, Abdullah Mohammed Alamer2, Tahani Hassan Altubayqi2, Mohammed Ahmed Hadadi2, Mohand Abdullah Alasiri2

	Three siblings with gyrate atrophy of the choroid and retina: a case report
	Maamouri Rym1,4, Ferchichi Molka1,4, Ben Chehida Amel2,4, Hadj-Taieb Sameh3,4, Cheour Monia1,4

	Endoscopic transnasal optic canal decompression for pediatric traumatic optic neuropathy with no light perception
	Yuan Ning1, Chun-Xia Wang1, Zi-Yan Yu1, Yong Wang2


