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ABSTRACT

Introduction: Demodex and bacteria are both
components of the ocular surface micro-ecol-
ogy, constituting a complex interaction. This
study aims to explore how ocular surface De-
modex infestation (DI) affects ocular surface
microbial communities and diversity.
Methods: We recruited 255 subjects, and
examined the correlation between ocular sur-
face mite infestation and clinical indicators
such as age, blood glucose level, dry eye symp-
toms, and blood pressure. 16S rRNA sequencing
was performed on the conjunctival swab

samples of 14 patients with ocular DI (P group)
and 17 healthy people (N group). For further
analysis, the subjects were divided into four
subgroups, i.e. N-NMGD (n = 11), N-MGD
(n = 6), P-NMGD (n = 6), and P-MGD (n = 8),
according to meibomian gland dysfunction
(MGD) or no MGD (NMGD).
Results: There was no difference in the a-di-
versity of ocular surface microbial communities
between the DI and healthy control groups. In
linear discriminant analysis effect size (LEfSe),
there were more Acinetobacter, Novosphingobium,
and Anoxybacillus in the DI group and fewer
Novosphingobium, Lactobacillus, and Candidatus
Microthrix in the healthy control group.
P-NMGD had more Thermaceae and fewer
Pseudomonas than P-MGD. There were more
Bacteroidetes in N-NMGD than in N-MGD. TheXiaotian Liang and Yingli Li contributed equally to the
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a-diversity of P-NMGD was lower than that of
N-NMGD (Shannon index, P = 0.027). At the
same time, the a-diversity of N-MGD was lower
than that of N-NMGD (Shannon, Simpson, and
dominance index, P = 0.048). There was no
significant difference in b-diversity or in the
primary flora at the phylum and genus levels
between groups and subgroups.
Conclusion: DI had no significant effect on the
diversity of ocular surface microbial communi-
ties. DI primarily changed the dominant flora
and relative abundance of ocular surface
microbial communities. MGD may play an
important role in this process.

Keywords: Demodex infestation; Meibomian
gland dysfunction; Microbial communities;
Ocular surface; 16S rRNA sequencing

Key Summary Points

1. We collected 255 subjects to analyze the
relationship between ocular surface
demodex infection and various clinical
indicators.

2. 16S rRNA sequencing of ocular surface
microbial community was performed in
14 Demodex infected and 17 non infected
individuals. We observed that Demodex
infection has no significant effect on
diversity of ocular surface microbial
communities, but mainly changes the
dominant flora and relative abundance of
ocular surface microbial communities.

3. After referring to whether the subjects
have meibomian gland dysfunction, it
seems that Demodex changes the bacterial
ocular surface microbial community by
affecting meibomian gland function.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate

understanding of the article. To view digital
features for this article go to https://doi.org/10.
6084/m9.figshare.14687535.

INTRODUCTION

Many Demodex species are found abundantly in
nature, but only two species have been deter-
mined to inhabit the human body, namely,
Demodex folliculorum and Demodex sebum [1, 2].
Demodex exist in the developed parts of seba-
ceous glands and hair follicles, such as those in
the cheeks, forehead, chin, chest, back, and
eyelids, and can cause acne, rosacea, blepharitis,
pruritus of the external auditory canal, and
other diseases [3–6]. Eye Demodex infestation
(DI) is common in humans. The infestation rate
of Demodex in the eyelashes of healthy people is
generally between 17% and 72%, and it has
been reported as high as 100% in people over
96 years of age [7]. However, according to the
18S rRNA sequencing results of one study, the
detection rate of Demodex in dander samples
scraped from the cheeks of adults over 18 years
old was 100% [3]. Many factors may affect
ocular surface mite infestation, such as age,
diabetes mellitus (DM), dry eye disease (DED),
and meibomian gland dysfunction (MGD)
[8–11].

Ocular DI is also associated with MGD [5].
Approximately 20% of Europeans and 60% of
Asians have MGD. A study from China showed
that the positive rate of DI in MGD patients was
89.32%, which was significantly higher than
that in the control group [4]. Our previous study
also showed that the severity of DI was posi-
tively correlated with meibomian gland loss and
could aggravate the symptoms of eye discom-
fort [12, 13].

Dry eye disease is a multifactorial ocular
surface disease characterized by a steady-state
imbalance of tear film accompanied by eye
symptoms, in which the instability and hyper-
osmolarity of tear film, inflammation and
damage to the ocular surface, and abnormal
nerve sensation play important roles in the
etiology of the disease [14]. Worldwide,
between 5% and 34% of people suffer from dry
eye disease, and the prevalence rate increases
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significantly with age. The subjective symptoms
of dry eye disease usually include red eye,
burning sensation, tingling, foreign body sen-
sation, pruritus, and photophobia [15]. Addi-
tionally, Randon et al. showed that Demodex is
associated with DED [16].

Many studies have suggested a relationship
between Demodex and bacteria in the occur-
rence of diseases. Zhu et al. found that there was
a correlation between Demodex and Propioni-
bacterium acnes in blepharitis [17]. Demodex is an
independent pathogenic factor of blepharitis
and also a carrier of Bacillus oleronius. In most
patients with severe blepharitis, Demodex infes-
tation is often accompanied by B. oleronius
infection [18]. In a study on rosacea, a rela-
tionship between the two microorganisms was
also found [19].

To further study the effects of ocular surface
mites on the ocular surface environment, we
retrospectively analyzed 255 clinical patients
and collected ocular surface bacterial samples
from 31 patients for further 16S rRNA
sequencing. Investigating the composition of
the bacterial community, microbial diversity,
and the factors that lead to these changes may
help to elucidate the interaction between and
possible mechanisms of Demodex and ocular
surface microbial communities.

METHODS

Participants

We conducted this cross-sectional study from
June 2018 to October 2018 at the Zhujiang
Hospital of the Southern Medical University in
China. The study recruited 255 outpatients and
inpatients from Zhujiang Hospital, Southern
Medical University, Guangzhou, Guangdong,
China. The exclusion criteria were as follows:
recent acute complications and infestations
such as diabetic ketoacidosis, history of eye
surgery and trauma within 6 months, corneal
contact lens wear history, elevated blood glu-
cose caused by type 1 DM and other causes, dry
eye caused by rheumatic immune disease and
hyperthyroidism, pregnant or lactating women,
and patients with mental illness.

Ophthalmological interviews, questionnaires,
and examinations were performed with all par-
ticipants. Data from all participants included
general information (age, sex, weight, height,
and history of other diseases such as heart dis-
ease), routine blood tests, and hypertension. To
facilitate the analysis of age, we divided age into
several range groups: 0–9, 10–19, 20–29, 30–39,
40–49, 50–59, 60–69, 70–79, and 80–89. The
outcome indices were the Ocular Surface Dis-
ease Index (OSDI) questionnaire, tear film
break-up time, eyelid symptom score, total
cholesterol, fasting blood glucose, fasting insu-
lin, and HbA1c. Outcomes were cross-section-
ally investigated with respect to factors
associated with ocular mite infestation. Finally,
31 out of 255 subjects were selected for collec-
tion of samples of ocular surface flora and sub-
sequent 16S rRNA sequencing. There were 14
patients with ocular surface Demodex infestation
(group P, including 7 male and 7 female) and 17
healthy patients (group N, including 7 male and
10 female). The average age of group P was
52.43 ± 19.13 years, and the average age of
group N was 42.18 ± 17.65 years. The average
total OSDI score in group P was 15.51 ± 20.05,
and that in group P was 10.41 ± 9.10. There
were eight MGD subjects in group P and six in
group N, accounting for 57.14% and 35.29%,
respectively. At the same time, the subjects were
divided into four subgroups according to the
presence (N-MGD, P-MGD) or absence (N-
NMGD, P-NMGD) of MGD.

Assessment of Ocular Surface Demodex
Infestation

We removed two lashes from each eyelid from
each subject with fine forceps under a slit-lamp
microscope. The lashes from each subject’s
eyelid were placed separately on a glass slide.
Ocular surface mite detection and counting was
completed by a professional technician who did
not know the identity of the subjects. Saline or
fluorescein-containing solution was dropped by
a pipette to the edge of the coverslip before
counting mites under a light microscope.

The positive diagnosis of ocular surface mite
infestation is based on the 2018 expert
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consensus on the diagnosis and treatment of
Demodex blepharitis in China diagnostic crite-
ria: (1) Demodex mites in all phases are counted;
(2) adult patients have a Demodex mite count of
3/3 eyelashes in any of the 4 eyelids; (3) less
than the above criteria is suspected positive if
combined with clinical manifestations; if nec-
essary, other pathogenic microorganisms can be
examined at the same time, such as bacteria and
fungi. Therefore, the severity of ocular surface
mite infestation is divided into 3 levels: nega-
tive, suspicious positive, and positive.

Assessment of Dry Eye Outcomes

Based on the American Academy of Ophthal-
mology and Dry Eye WorkShop (DEWS), sub-
jects with at least one typical symptom plus one
or more changes in the objective tests were
diagnosed as having dry eye. Common symp-
toms of eye discomfort were evaluated, includ-
ing gritty sensation, soreness, redness, itchiness,
blurred vision (which improved with blinking),
and excessive tearing. To analyze the severity of
DED, we divided the OSDI scores into four
levels: no obvious symptoms, OSDI score
B 12.0; mild, 12.00\ score B 22.0; moderate,
22.0\ score B 32.0; and severe, 32.0\ score
B 100. The main points of comparison were
subjective complaints, conjunctival staining,
objective findings on corneal staining with flu-
orescein, alterations in the meibomian glands,
tear break-up time (BUT), results of the basal
secretion test, and impression cytology of the
conjunctival injection. Subjects also underwent
objective clinical assessment for DED.

Sample Collection

For bacterial analysis, each participant under-
went an ophthalmological examination at
Zhujiang Hospital of the Southern Medical
University, Guangzhou, Guangdong, China.
Topical anesthesia was performed before sample
collection. All operations were performed in a
sterile room. We collected ocular specimens
with a disposable aseptic dry cotton swab from
the upper and lower palpebral, fornix conjunc-
tiva, and caruncle of one randomly selected eye

of each subject. At the same time, an aseptic dry
cotton swab was instilled with topical anes-
thetic as a blank control. From June 2018 to
September 2018, a total of 31 DNA samples were
collected from participants (including 14
patients with DI and 17 healthy subjects). Prior
to DNA extraction, the samples collected were
stored in sterile tubes at -80 �C.

DNA Extraction

We extracted bacterial DNA from cotton swabs
with a DNA extraction kit. The concentration
and purity were measured with a NanoDrop
One instrument (Thermo Fisher Scientific, MA,
USA), following the manufacturer’s instruc-
tions. There was no bacterial DNA found in the
swabs of blank controls. Twenty milliliters of
elution buffer was added to each sample, after
which they were immediately transferred to a
freezer at -20 �C until polymerase chain reac-
tion (PCR) analysis.

PCR Amplification and 16S rRNA
Sequencing

Barcoded primers (12 bp) synthesized by Invit-
rogen (Carlsbad, CA, USA) were used for PCR
analysis to amplify 16S rRNA V3-V4 fragments
of bacteria. Processed DNA extracted from the
conjunctiva of subjects was used as amplifica-
tion template. PCRs contained 25 ll of CR
reaction Taq (TaKaRa Bio, Dalian Co. Ltd.,
China), 3 ll of DNA (20 ng/ll) template, and
1 ll of each primer (10 mM) in a volume of
50 ll. The cycling steps of the PCR amplification
were as follows: initialization at 94 �C for 30 s;
followed by 30 cycles of denaturation at 94 �C
for 30 s, annealing at 52 �C for 30 s, and exten-
sion at 72 �C for 30 s; finally, an extension at
72 �C for 10 min. The PCR products were elec-
trophoresed in 1% agarose gel, and then
sequenced with Illumina MiSeq (PE 300) in the
MAGIGENE Genomics Institute. The PCR
products were mixed at equal density according
to GeneTools analysis software (version
4.03.05.0, Syngene).
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Data Analyses

Sequence reads were preprocessed to remove
the primers. Then we used QIIME (version
1.8.046.) for sequence reading. The following
criteria were applied for QIIME quality trim-
ming: (1) truncation of the sequence before
three consecutive low-quality bases and re-
evaluation for length, (2) no ambiguous base
calls, and (3) a minimum sequence length of
100 bp after trimming. We performed rarefac-
tion analysis of bacterial 16S rRNA sequences
according to the operational taxonomic unit
(OTU) table. The processing of results was based
on R software (version 4.0.2). To show the
microbial diversity of each sample, QIIME
(V1.9.1) was used to analyze the sequence
readings of samples. Alpha diversity reflects the
species diversity in a single sample, including
the richness and uniformity of the species
composition [20]. The observed species, Simp-
son, dominance, Shannon, Chao1, and
PD_whole_tree richness were performed to
reflect the different degrees of richness, diver-
sity, or uniformity of the ocular surface micro-
bial community of the subjects. The results were
processed in R software using the k-sample
Fisher–Pitman permutation test. Beta diversity
is the comparison of biodiversity between sam-
ples [20]. It can calculate the distance between
two samples and obtain a distance matrix,
which can be used for further diversity and
visual statistical analysis. Weighted and
unweighted UniFrac b-diversity indices and the
Bray–Curtis distance matrix were calculated
with QIIME to assess the differences in species
complexity of all samples. The results were
processed by QIIME and the ggplot2 package of
R software, and principal coordinate analysis
(PCoA) was performed to visualize multidi-
mensional data. Linear discriminant analysis
effect size (LEfSe) was used to analyze the sig-
nificance of differences between the groups and
to determine individual species in the groups.
The linear discriminant analysis (LDA) score can
be used to evaluate the dominant position of
the species, with the threshold of LDA
score[3.

Statistical Analysis

The Statistical Package for the Social Sciences
(SPSS) version 24.0 software (IBM Corp.,
Armonk, NY, USA) was used for data analysis.
The descriptive statistics are presented as the
mean ± SD for normally distributed continuous
variables. Nonnumerical data are described as
presence (yes) or absence (no). Jonck-
heere–Terpstra tests were used to compare the
continuous variables of the groups; the chi-
square test was used to compare the categorical
variables of the groups. The Mann–Whitney
U test was used to analyze the difference in
relative abundance between groups. In LEfSe,
the Kruskal–Wallis test was used to detect spe-
cies with significant differences in relative
abundance between different groups, and the
Wilcoxon test was used to analyze differences
between groups. The k-sample Fisher–Pitman
permutation test was used to assess the differ-
ences in biodiversity between groups. P val-
ues\ 0.05 were considered significant.

Ethics Compliance

The study was registered in the Chinese clinical
trial registry (ChiCTR1800016357). The study
protocol and one amendment to the protocol
were reviewed and approved by the Zhujiang
Hospital Human Experimental Committee. The
study was performed in accordance with the
Helsinki Declaration of 1964 and its later
amendments, and written informed consent
was provided by all participants before starting
study treatment. All participants were informed
that their information would be used for study
and publication. All participants consented to
participate in the research.

RESULTS

Analysis of Related Factors Affecting
Ocular Surface Mite Infestation

Basic Clinical Information of Subjects
After applying all entry criteria, 444 eyes from
255 participants (aged 18–84) were included in
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the analysis. As shown in Table 1, there was a
significant correlation between age and mite
infestation in subjects (P\ 0.001). We also

found that ocular surface DI was closely related
to MGD (P = 0.002), DED (P = 0.013), and the
OSDI score (P = 0.030). DM (P\0.001) and

Table 1 Basic data of subjects and Demodex infection on ocular surface

Characteristic Negative Suspicious positive Positive P value

Total n (%) 192 (43.2%) 148 (33.3%) 104 (23.4%) –

Age (years) 49.84 ± 17.76 54.79 ± 4.13 62.12 ± 12.81 \0.001a

Sex (%)

Male 41.6% 35.0% 23.4% 0.771b

Female 44.5% 32.0% 23.5%

MGD (%)

Yes 40.8% 36.7% 22.4% 0.002b

No 62.3% 21.8% 15.8%

DM (%)

Yes 37.9% 28.0% 34.1% \0.001b

No 49.1% 37.5% 13.4%

DED (%)

Yes 35.5% 38.1% 26.3% 0.013b

No 50.2% 29.7% 20.1%

Hypertension (%)

Yes 33.1% 38.0% 28.9% 0.016b

No 48.2% 30.7% 21.1%

Hyperlipidemia (%)

Yes 41.9% 32.4% 25.7% 0.803b

No 44.4% 32.9% 22.7%

DM duration (years) 2.56 ± 5.51 3.10 ± 5.91 6.34 ± 6.68 \ 0.001a

HbA1C (%) 8.22 ± 2.89 8.26 ± 2.33 8.34 ± 2.72 0.586a

OSDI score 11.63 ± 11.23 14.88 ± 14.43 16.16 ± 16.65 0.030a

HDL (mg/dl) 1.27 ± 0.43 1.18 ± 0.29 1.32 ± 0.35 0.338a

LDL(mg/dl) 3.22 ± 0.96 2.86 ± 0.90 3.39 ± 1.24 0.681a

TG (mg/dl) 1.89 ± 1.91 1.96 ± 1.21 1.66 ± 1.26 0.927a

TC (mg/dl) 5.22 ± 2.27 4.90 ± 1.26 5.67 ± 2.59 0.173a

a Jonckheere–Terpstra test
b Chi-square test
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duration of DM (P\ 0.001) were also signifi-
cantly correlated with mite infestation. In
addition, the prevalence of mite infestation was
higher in patients with hypertension
(P = 0.016). However, no association was
exhibited between sex and ocular surface mite
infestation (P[0.05) or between hyperlipi-
demia and ocular surface mite infestation
(P[0.05). Further analysis of hematological
parameters showed that there was no associa-
tion between ocular surface mite infestation
and HbA1c, high-density lipoprotein (HDL),
low-density lipoprotein (LDL), triglyceride (TG),
or total cholesterol (TC).

Difference in Relative Abundance
of Ocular Surface Flora Between Patients
with Ocular Surface Demodex infestation
and Healthy Controls

We collected samples of the ocular surface flora
from 31 subjects and performed 16S rRNA
sequencing on the samples. Among the sub-
jects, ocular surface infestation with Demodex
was found in 14 patients (group P), while no
infestation was found for 17 people, who were
considered healthy (group N).

To explore the influence of DI on the com-
position of the ocular surface flora, we analyzed
the relative abundance of the subjects’ ocular
surface flora at the phylum and genus levels.
Relative abundance refers to the ratio of the
abundance of certain bacteria to the overall
abundance of the flora, which is used to evalu-
ate the richness of the bacteria in the flora. The
composition of the ocular surface flora in the P
and N groups was similar at the phylum level
and was mainly composed of 10 phyla (Fig. 1a).
The remaining phyla accounted for less than
4% of the total. Among the common phyla,
Proteobacteria, Firmicutes, Bacteroidetes, and
Actinobacteria were the main bacteria in DI and
healthy people, accounting for 90.4% and
87.9% of the total bacteria, respectively. At the
genus level, the two groups were also similar.
We mainly observed 14 genera on the ocular
surface of the subjects (Fig. 1b). These genera
accounted for 56.8% and 49.1% of the total
bacteria, respectively. Pseudomonas,

Acinetobacter, and Bacillus were the top three
genera in the two groups, accounting for 44.4%
and 34.8% of the total bacteria, respectively. A
significant difference was found in the relative
abundance of Novosphingobium (1.1% vs 0.4%)
between patients with DI and healthy subjects
(P\0.012) (Table 2).

We detected more Acinetobacter calcoaceticus,
Novosphingobium, and Anoxybacillus (LDA
score[3) in the ocular surface samples of the P
group (Fig. 2a). The eyes of group N contained
more Sphingomonas, Lactobacillus, Candidatus
Microthrix, Rhodobacterales, Rhodobacteraceae,
Phycisphaerae, Spirochaetes, Spirochaetia, Spir-
ochaetales, and Spirochaetaceae (LDA[ 3)
(Fig. 2a).

Difference in Relative Abundance
of Ocular Surface Flora Between MGD
and NMGD

To explore the influence of MGD on the com-
position of ocular surface flora, we conducted
subgroup analysis of subjects in the ocular sur-
face DI group (P group) and healthy control
group (N group) based on whether they had
MGD. The subjects were divided into four sub-
groups (N-MGD, N-NMGD, P-MGD, P-NMGD)
according to the presence or absence of DI on
the ocular surface and absence of MGD.

At the phylum level, the subjects’ ocular
surface flora still consisted of four main phyla,
Proteobacteria, Firmicutes, Bacteroidetes, and
Actinobacteria (Fig. 1c). In the healthy control
group, Bacteroidetes (7.8% vs 16.0%) was lower
in the N-MGD group than in the N-NMGD
group (P\0.05), reduced by more than 50%
(Table 2). Among subjects without MGD,
P-NMGD had higher Actinobacteria (9.3% vs
5.5%) than N-NMGD, while Bacteroidetes (8.7%
vs 16.0%) had lower abundance (Table 2). At the
genus level, Pseudomonas, Acinetobacter, and
Bacillus were the main components found.
Compared with N-MGD, Corynebacterium_1
(2.4% vs 5.4%) was lower in P-MGD, and the
difference was statistically significant
(P = 0.020).

As shown in Fig. 2b, the dominant phyla in
the eyes of N-NMGD subjects were
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Bacteroidetes and Bacteroidia (LDA score[4).
The ocular surface of P-NMGD subjects con-
tained more Thermaceae, Thermales, and Ther-
mus (LDA score[ 3) than the P-MGD group,
while Pseudomonas plecoglossicida and Pseu-
domonadaceae were the dominant flora in the
eyes of P-MGD subjects (LDA score[ 4)
(Fig. 2b).

Diversity Analysis of Ocular Surface Flora

To compare the diversity of the ocular surface
flora between the groups, we used six indicators
(PD_whole_tree, Chao1, dominance, obser-
ved_species, Shannon, and Simpson) to analyze
the a-diversity of the ocular surface flora.
However, the difference in microbial a-diversity
between the two groups was not statistically
significant (P[ 0.05) (Fig. 3a). The a-diversity
was also compared between the four subgroups.
The Shannon index of P-NMGD was lower than
that of N-NMGD (5.84 vs 6.85), and the

difference was statistically significant
(P = 0.027) (Fig. 3b). There were significant dif-
ferences in the dominance, Shannon, and
Simpson indices between N-MGD and N-NMGD
(P = 0.048), which indicated the lower a-diver-
sity in eyes with MGD.

We also calculated the weighted and
unweighted UniFrac b-diversity index using
QIIME software. Principal coordinate analysis
(PCoA) was performed to obtain the principal
coordinates and visualize complex multidi-
mensional data. There was no significant dif-
ference between the P group and the N group,
indicating that DI did not have a significant
effect on the diversity of the ocular surface flora
(Fig. 4a). When examining b-diversity among
subgroups, there was no significant difference
among the four subgroups (Fig. 4b). However,
except for N-NMGD, the three subgroups were
relatively more concentrated in the PCoA
(Fig. 4b), which suggests that MGD and DI may

Fig. 1 The relative abundance of the ocular surface flora
between the groups was different at the phylum and genus
level. The classification of bacteria is indicated with
different colors. a Two groups at the phylum level. b Two
groups at the genus level. c Four subgroups at the phylum

level. d Four subgroups at the genus level. Patients with
ocular surface Demodex infestation: group P, healthy
controls: group N; MGD meibomian gland dysfunction,
NMGD non-MGD
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Table 2 Relative abundance of ocular surface flora between patients with Demodex infestation on the ocular surface (group
P) and healthy controls (group N)

P group (%) N group (%) P value

Phylum

Proteobacteria 58.2 54.1 0.279

Firmicutes 15.4 15.9 0.681

Bacteroidetes 9.9 13.1 0.493

Actinobacteria 7.0 4.9 0.118

Chloroflexi 1.5 1.7 0.653

Planctomycetes 1.4 1.6 0.769

Acidobacteria 1.4 1.8 0.128

Patescibacteria 0.8 1.1 0.710

Verrucomicrobia 0.7 1.0 0.518

Epsilonbacteraeota 0.7 1.0 0.173

Others 3.1 3.8

Genus

Pseudomonas 26.4 18.1 0.071

Acinetobacter 10.7 9.8 0.173

Bacillus 7.4 6.9 0.739

Corynebacterium_1 3.5 1.0 0.084

Ralstonia 2.0 2.0 0.799

Photobacterium 1.5 1.7 0.739

Chryseobacterium 1.4 1.9 0.518

Novosphingobium 1.1 0.4 0.012*

Staphylococcus 1.0 0.9 0.493

Sphingomonas 0.7 1.5 0.059

Thiobacillus 0.7 1.1 0.653

Pedobacter 0.4 1.3 0.493

Prevotella_9 0.2 1.2 0.493

Rhodopseudomonas 0.01 1.4 0.953

Others 43.2 50.9

Statistics based on Mann–Whitney U test. Significant differences between the means of the different groups are indicated by
(*) (P\ 0.05)
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play a similar role in the process of changes in
the diversity of the ocular surface flora.

DISCUSSION

Here we included 255 participants in our study.
However, not all of the patients who partici-
pated in this study underwent all of the tests
involved in the study. For this part of the lost

data, we adopted an adjacent point interpola-
tion method to account for it. Fortunately, we
found strong associations between ocular sur-
face mite infestation and age, MGD, DED, OSDI,
DM, DM duration, and hypertension. However,
no notable correlation was found between
ocular surface mite infestation and sex or
hyperlipidemia. Türk et al., on the other hand,
reported that men had a higher rate of DI than
women [21]. Keskin ’s study found an increase
in the density of Demodex in patients with ges-
tational DM [22]. Yamashita found that DI were
more common in diabetic patients than in
healthy volunteers [23]. Our research further
confirms that DM is undoubtedly a risk factor
for ocular surface mite infestation. DM has an
adverse influence on the microvasculature in
multiple organs, which aggravates ocular sur-
face mite infestation through biochemical
pathways involved in facilitating and abrogat-
ing microvascular injury and reducing local
mucosal reaction, making it easier for ocular
surface mite infestation to occur [24]. Through
the analysis of 255 subjects, it was observed that
DI was related to MGD. It has been shown that
the greater the infestation frequency of De-
modex, the more serious the damage to the
microstructure of the meibomian gland [25]. DI
is usually associated with MGD in symptomatic
patients [16]. Ocular Demodex can destroy the
lacrimal and meibomian glands, which causes a
reduction in tears and surface oils, leading to
dry eye disease. However, as tears have an
immunomodulatory function on the ocular
surface, DED results in reduced tear secretion
and weakens the innate immunity of the ocular
surface [26]. Overall, ocular surface DI and DED
interact to jointly worsen ocular surface
conditions.

We collected ocular surface bacterial samples
from 31 subjects (including 14 patients with
ocular surface DI and 17 healthy people) and
sequenced 16S rRNA. However, there was no
significant difference in a-diversity between the
two groups (P[ 0.05). PCoA showed that there
was no significant difference between the
patients with ocular surface DI and the healthy
control group. This means that the ocular sur-
face DI had no significant effect on the diversity
of ocular surface flora.

Fig. 2 a Analysis of differences in the use of LEfSe
between patients with ocular surface Demodex infestation
(group P) and healthy controls (group N). b Analysis of
differences in the use of LEfSe between patients with
Demodex infestation on the ocular surface (group P) and
healthy controls (group N, and between subjects with
MGD and NMGD. The group and subgroup classifica-
tions are indicated with different colors
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Though the composition of ocular surface
flora of both patients with DI and healthy
controls was similar at the phylum and genus
levels, there are still some differences. The
results of LEfSe suggest that Acinetobacter cal-
coaceticus, Novosphingobium, and Anoxybacillus
were dominant in eyes infested with Demodex,
and could be classified as pathogens of DI.
Novosphingobium, Lactobacillus, and Candidatus
Microthrix can be regarded as the flora of a
healthy eye.

According to Kugadas et al., coagulase-nega-
tive Staphylococcus spp. (CNS spp.), which
include Staphylococcus epidermidis, are the most
common bacteria on a healthy eye surface,
while Propionibacterium spp. (P. acnes),

Corynebacterium spp., S. aureus, Streptococcus
spp., Micrococcus spp., Bacillus spp., and Lacto-
bacillus spp. are less common [27]. Gram-nega-
tive bacteria were rarely detected on the surface
of healthy eyes, while a large number of Pseu-
domonas and Acinetobacter were observed in
healthy people and patients with ocular surface
DI.

Research based on high-throughput
sequencing has shown different results from the
traditional culture methods. Graham et al.
sequenced 57 healthy conjunctival samples
based on 16S rRNA, and confirmed the presence
of CNS spp., Bacillus spp., Rhodococcus spp., Co-
rynebacterium spp., Propionibacterium spp., Kleb-
siella spp. and Ervinia spp. [28]. Zhou et al.

Fig. 3 a The difference in the a-diversity index of ocular
surface flora between patients with Demodex infestation on
the ocular surface (group P) and healthy controls (group
N). Groups are indicated by different colors. b The
difference in the a-diversity index of ocular surface flora

between patients with Demodex infestation on the ocular
surface (group P) and healthy controls (group N) and
between subjects with MGD and NMGD. Groups and
subgroups ae indicated by different colors
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reported that Corynebacterium, Streptococcus,
Propionibacterium, Bacillus, Staphylococcus,
and Ralsontia were the six most abundant gen-
era in healthy conjunctiva [29]. The high rela-
tive abundance of Pseudomonas and
Acinetobacter was not shown in the above stud-
ies. The high abundance of Bacillus in our study
is consistent with the results reported in many
other studies.

Mites can serve as carriers of bacteria to play
a role in ocular lesions. Demodex can cause ble-
pharitis by carrying bacteria (including Strepto-
coccus and Staphylococcus) on its surface [30].
Staphylococcus epidermidis and Staphylococcus
aureus are the main pathogens of conjunctivitis
in children, and Demodex may be the carrier of
these bacteria in the eyes [31]. In addition, some
scholars postulate that Demodex plays a role in a
balanced ocular ecology, acting as lash cleaners
by grazing on bacteria and defending against
other mite species, and as immune regulators
and buffers [4, 32, 33]. Relevant studies have
pointed out that after anti-mite treatment, eye
symptoms become more serious, and that

combination antibacterial treatment can ame-
liorate disease symptoms, which shows that
mites and ocular surface bacteria can interact
[1]. These reports, together with our study,
indicate that there is a complex interaction
between Demodex and bacteria in ocular surface
diseases.

In addition to investigating the effect of DI
on ocular surface flora, we also conducted sub-
group analysis according to the presence or
absence of MGD. There was no significant dif-
ference in a-diversity between group N and
group P without considering the presence or
absence of MGD. This may be because the
microbial diversity of the ocular surface flora is
more closely related to MGD than to DI. Even
without DI, MGD can reduce the microbial
diversity of ocular surface flora. Similarly, with
NMGD, ocular infestation with Demodex can
reduce the microbial diversity of the ocular
surface. This indicates that both DI and MGD
are associated with decreased microbial diver-
sity of the ocular surface flora, and MGD may
have a greater impact on microbial diversity

Fig. 4 a Weighted UniFrac was used to calculate b-
diversity and PCoA in patients with ocular surface
Demodex infestation (group P) and the healthy control
group (group N). b Weighted UniFrac was used to
calculate b-diversity and PCoA in MGD and NMGD

subjects from patients with ocular surface Demodex
infestation (group P) and the healthy control group
(group N). Groups and subgroups are indicated with
different colors
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than DI. Additionally, similar differences did
not appear in the other two subgroups, which
may mean that DI and MGD are not indepen-
dent factors causing changes to the ocular sur-
face flora.

Jiang et al. showed that the positive rate of
bacterial culture in MGD patients was positively
correlated with disease severity [34]. Zhang
et al. found that the bacterial species in the
conjunctival sac in MGD patients were more
complex than those of healthy people [35].
However, according to results reported by
Watters et al., the microbiota in the conjuncti-
val sac was similar regardless of the presence or
absence of MGD [36]. Another team used 16S
rDNA sequencing to compare conjunctival sac
bacteria in patients with and without MGD, and
found that the distribution of ocular surface
microorganisms in MGD patients was similar to
that of healthy people, but at the phylum level
there were more Proteus and Firmicutes and
fewer Actinobacteria, which is consistent with
our results. At the genus level, the relative
abundance of Staphylococcus and Novosphingob-
ium in MGD was higher than that in the healthy
control group, while Corynebacterium was lower
than that in the healthy control group [37].
Demodex can block the sebaceous duct, resulting
in epithelial hyperplasia and hyperkeratosis
[38]. The enzyme activity of the mite damages
glands and epithelial cells in hair follicles,
leading to inflammation [18]. Demodex follicu-
lorum may be a carrier and common pathogenic
factor of Bacillus oleronius in the occurrence of
blepharitis [39].

The change in relative abundance and LEfSe
results showed that MGD and DI led to an
increase in Pseudomonas. Our previous studies
also showed a correlation between MGD and
Pseudomonas [40]. In addition, research showed
that surfactant protein D (SP-D) played an
important role in resisting Pseudomonas in a
mouse model of dry eye disease [41]. Consider-
ing the close relationship between ocular sur-
face DI and MGD and dry eye disease, this may
provide a partial explanation for the increase in
Pseudomonas in the eyes of subjects.

MGD may be an important link in the pro-
cess of changes in ocular surface flora caused by
DI of the ocular surface. Our retrospective study

found a correlation between MGD and DI on
the ocular surface. Demodex can cause
microstructural changes in the meibomian
glands, causing or aggravating MGD: the greater
the DI, the more serious the structural damage
[25]. Tear fluid has an immunoregulatory func-
tion on the ocular surface, and the tear film has
a decontamination effect as the first line of
defense against bacterial invasion. Meibomian
gland function is important for maintaining the
normal shape and composition of the tear film.
Eye mites can damage the lacrimal and meibo-
mian glands, weaken the ocular surface barrier,
and increase the risk of bacterial infection in the
eye [42]. In addition, Demodex may worsen the
corneal epithelial barrier function by activating
IL-17/MMP-9 signaling [11, 43].

This study has the following limitations.
First, the sample was small, including only 14
patients with DI and 17 healthy subjects. Based
on the size of the sample, we can only draw
limited conclusions about the relationship
between DI and the composition of ocular sur-
face flora. Secondly, although there were dif-
ferences in the relative abundance of several
bacteria between eyes with and without DI,
they were generally similar at the phylum and
genus levels. The a-diversity between the two
groups showed statistical differences in only a
few indices, which may be related to our limited
sample size.

CONCLUSION

Our research has shown that ocular surface mite
infestation is significantly related to DED,
MGD, age, hypertension and DM. Specifically,
the infestation of Demodex on the ocular surface
has no significant effect on the diversity of the
ocular surface flora. It mainly changes the
composition of the dominant flora, especially
the Pseudomonas and Novosphingobium on the
ocular surface. We suspect that DI leads to
changes in the ocular surface flora, while MGD
may play an important role in the process.
However, whether DI and MGD are indepen-
dent factors that change the ocular surface flora
or play a role in different stages of the process of
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changing the ocular surface flora community
still needs stronger evidence-based research.

ACKNOWLEDGEMENTS

The authors thank all participants for their
contributions.

Funding. This study and the Rapid Service
Fee was supported by National Natural Science
Foundation of China (no: 81800804), Natural
Science Foundation of Guangdong Province
(no: 2017A030310108), Clinical Research Star-
tup Program of Southern Medical University by
High-level University Construction Funding of
Guangdong Provincial Department of Educa-
tion (no: LC2016YM017), and Innovation and
Entrepreneurship for Undergraduates (no:
201812121171). The sponsor or funding orga-
nization had no role in the design or conduct of
this research.

Authorship. Xiaotian Liang, Yingli Li, Ke
Xiong, Shuze Chen, Zhenhao Li, Zhihan Zhang,
Zhaoxia Xia, Guoguo Yi, Min Fu: All named
authors meet the International Committee of
Medical Journal Editors (ICMJE) criteria for
authorship for this article, take responsibility
for the integrity of the work as a whole, and
have given their approval for this version to be
published.

Authorship Contributions. Min Fu, Xiao-
tian Liang and Ke Xiong contributed equally to
this manuscript. Xiaotian Liang acquired and
selected all the samples used in this study,
compiled the database, wrote the manuscript,
and provided critical revision. Ke Xiong and
Zhenhao Li developed the study design,
acquired and selected all the samples used in
the study, and compiled the database. Shuze
Chen compiled the database and performed the
statistical analysis and data interpretation. Zhi-
han Zhang acquired and selected all the samples
used in this study and wrote the manuscript.
Yingli Yi conceived and developed the study
design. Min Fu and Guoguo Yi conceived the
study, developed the study design, acquired and

selected all the samples used in this study, wrote
the manuscript, and provided critical revision.
Min Fu and Guoguo Yi agree to be account-
able for all aspects of the work in ensuring that
questions related to the accuracy or integrity of
any part of the work are appropriately investi-
gated and resolved.

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

Compliance with Ethics Guidelines. The
study was registered in the Chinese clinical trial
registry (ChiCTR1800016357). The study pro-
tocol and one amendment to the protocol were
reviewed and approved by the Zhujiang Hospi-
tal Human Experimental Committee. The study
was performed in accordance with the Helsinki
Declaration of 1964 and its later amendments,
and written informed consent was provided by
all participants before starting study treatment.
All participants were informed that their infor-
mation would be used for study and publica-
tion. All participants consented to participate in
the research.

Data Availability. The raw data of
sequencing results have been submitted to
NCBI SRA (National Center for Biotechnology
Information Sequence Read Archive). Raw data
and project information are available via
BioProject ID (PRJNA692647) and the following
website: http://www.ncbi.nlm.nih.gov/biopro-
ject/692647. The datasets generated and ana-
lyzed during the current study are available
from the corresponding author on reasonable
request.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are

614 Ophthalmol Ther (2021) 10:601–617



included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Nicholls SG, Oakley CL, Tan A, Vote BJ. Demodex
species in human ocular disease: new clinico-
pathological aspects. Int Ophthalmol. 2017;37(1):
303–12. https://doi.org/10.1007/s10792-016-0249-
9.

2. Rufli T, Mumcuoglu Y. The hair follicle mites
Demodex folliculorum and Demodex brevis: biol-
ogy and medical importance. A review. Dermato-
logica. 1981;162(1):1–11. https://doi.org/10.1159/
000250228.

3. Thoemmes MS, Fergus DJ, Urban J, Trautwein M,
Dunn RR. Ubiquity and diversity of human-associ-
ated Demodex mites. PLoS One. 2014;9(8): https://
doi.org/10.1371/journal.pone.0106265.

4. Fromstein SR, Harthan JS, Patel J, Opitz DL.
Demodex blepharitis: clinical perspectives. Clin
Optom (Auckl). 2018;10:57–63. https://doi.org/10.
2147/OPTO.S142708.

5. Liu J, Sheha H, Tseng SC. Pathogenic role of
Demodex mites in blepharitis. Curr Opin Allergy
Clin Immunol. 2010;10(5):505–10. https://doi.org/
10.1097/ACI.0b013e32833df9f4.

6. Bhandari V, Reddy JK. Blepharitis: always remember
demodex. Middle East Afr J Ophthalmol.
2014;21(4):317–20. https://doi.org/10.4103/0974-
9233.142268.

7. Vargas-Arzola J, Reyes-Velasco L, Segura-Salvador A,
Márquez-Navarro A, Dı́az-Chiguer DL, Nogueda-
Torres B. Prevalence of Demodex mites in eyelashes
among people of Oaxaca, Mexico. Acta Microbiol
Immunol Hung. 2012;59(2):257–62. https://doi.
org/10.1556/AMicr.59.2012.2.10.
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9. Biernat MM, Rusiecka-Ziółkowska J, Piątkowska E,
Helemejko I, Biernat P, Gościniak G. Occurrence of
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