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Abstract
Background

Chalazion is a chronic in�ammatory granuloma of the meibomian gland formed on the basis of the
obstruction of the meibomian gland drainage duct and the retention of secretions. It is one of the most
common clinically eye diseases in children. Chronic in�ammation of the meibomian glands is
responsible for this disease, and the gut �ora is thought to be involved in the in�ammatory process. In
this study, we investigated the relationship between intestinal microbial composition and children's
chalazion.

Methods

Fecal samples were collected from 21 children with chalazion and 26 healthy children. DNA was
extracted from fecal stool samples and 16S rRNA sequences in the gut �ora were detected by using
second second-generation sequencing technology. The results were used to compare the composition of
the microbiome between patients and healthy controls.

Results

According to Alpha Diversity and Beta Diversity analysis, we found that there was no signi�cant
difference in bacteria diversity and relative abundance between the two groups. We compared the �ora of
the control group and the diseased group through Lefse analysis, and screened out 11 different species.
Based on the absolute abundance of species, 43 different species were selected. Anosim analysis and
metastats analysis were used to compare the �ora of the control group and the diseased group again. At
the species level, we found that gut_metagenome and human_gut_metagenome are the common
differences in species levels obtained from the above analysis. Finally, corrplot correlation analysis was
performed, suggesting that gut_metagenome has a great correlation with the number, ulceration, and
recurrence of chalazion in children.

Conclusions

There was no signi�cant difference in the diversity index and relative abundance of �ora in children with
chalazion compared with healthy children, but there were signi�cant differences in some bacterial
species. The gut_metagenome strains identi�ed in this study were signi�cantly related to the growth,
ulceration, and relapse of children with chalazion. It is suggested that gut_metagenome may be a
microbiological indicator which is independent of clinicopathologic factors but associated with chalazion
disease .

* These authors have contributed equally to this work.

Background
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The secretion of sebaceous glands has a certain bactericidal effect, which can prevent bacterial growth;
IgA, mucin 1, and lysosomes produced by sweat glands have certain immune defense functions. When
these glands are blocked due to thickened and dry secretions, the eye's defense ability will be impaired,
resulting in the formation of chronic in�ammatory granulomas of the meibomian glands[1–2]. Chalazion,
also known as meibomian gland cysts, is an ophthalmic disease that often occurs in children[3]. The
disease has no pain and no itching, but a round lump will appear on the eyelids, which will cause the skin
on the eyelids to bulge and have a harder touch, as small as rice grains and as large as cherry. The course
of chalazion is slow. Patients generally have no obvious symptoms, but foreign body sensation or
temporary astigmatism may be caused by the mass compression on the eyeball. Severe cases can cause
eyelid eversion, eye deformities, and if secondary infections occur, they can develop into a stye[4–6].
Chalazion has a high incidence in children, and its treatment usually includes surgical and non-surgical
methods[7–8]. The operation often needs to be performed under general anesthesia, which will cause
many problems for children and parents.

A current view is that intestinal microorganisms can be considered as personalized human organs, whose
metabolic activity is second only to the liver[9]. Gut �ora is seen as a "second genome", a "forgotten
organ", or a "genetic hard drive". With the advent of high-throughput sequencing technology, the
exploration of the human gut microbiome has begun, and the collective genome within the microbiome
has been found to contain more than 3 million unique genes[10]. Understanding of the gut microbiome is
growing rapidly, and in many cases, the relationship between the microbiome and health and disease is
being explored. In ophthalmic diseases, relevant studies have been carried out, such as Behcet,s disease
and gut microbiome studies reported by Zi Y et al[11]. Therefore, we wondered whether intestinal �ora
might also play a role in chalazion.

Methods

Patients
From January to March in 2020, we recruited 21 children with chalazion and 26 healthy children in
Shanghai Children's Medical Center. There were no statistically signi�cant differences in age, gender and
weight between the two groups (Table 1). This study is approved by the Ethics Committee of Shanghai
Children's Medical Center. At the beginning of the study, all participants had signed informed consents. All
procedures are carried out in accordance with the tenets of the Declaration of Helsinki.
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Table 1
Characteristics of the participants in this study (_x±s)

  Hordeolum(n = 21) Control (n = 26) P-value

Male 9 11 0.241

Female 12 15 0.164

Age 4.3 ± 2.3 5.4 ± 2.9 0.055

Height (m) 0.99 ± 0.19 1.14 ± 0.20 0.054

Weight (kg) 19.3 ± 6.3 20.1 ± 6.8 0.061

BMI(kg/m2)* 16.2 ± 1.7 16.0 ± 2.5 0.717

*BMI (Body Mass Index) = weight/height2 (kg/m2).

Inclusion criteria: all patients in the study group were clinically diagnosed with chalazion; all patients had
not received antibiotics, hormones, vitamin A drugs or immunosuppressants systematically in the past 2
months; they were free of gastrointestinal disease and other systemic diseases.

Sample Collection And Dna Extraction
Fresh fecal samples were collected from recruited subjects and transported to our laboratory with an ice
packs within 2 hs. All samples were then immediately frozen and stored at -80 °C prior to analyses. The
DNA was extracted from 200 mg samples using the QIAamp DNA Stool Mini Kit (QIAGEN, Hilden,
Germany) following the manufacturer,s instructions. DNA concentration and purity was checked by
running the samples on 1.0% agarose gels.

Pcr Ampli�cation Of 16s Rrna Genes And Miseq
Sequencing
Polymerase chain reaction (PCR) ampli�cation of 16S rRNA genes was performed using general bacterial
primers ( 515F 5'-GTGCCAGCMGCCGCGGTAA-3' and 926R 5'-CCGTCAATTCMTTTGAGTTT-3'). The
primers also contained the Illumina 5'overhang adapter sequences for two-step amplicon library building,
following manufacturer's instructions for the overhang sequences. The initial PCR reactions were carried
out in 25 µL reaction volumes with 1–2 µL DNA template, 250 mM dNTPs, 0.25 mM of each primer, 1X
reaction buffer and 0.5U Phusion DNA Polymerase (New England Biolabs, USA). The second step PCR
with dual 8-base barcodes were used for multiplexing. Eight cycle PCR reactions were used to incorporate
two unique barcodes to either end of the 16S amplicons. Prior to library pooling, the barcoded PCR
products were puri�ed using a DNA gel extraction kit (Axygen, China) and quanti�ed using the FTC − 
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3000 TM real-time PCR. The libraries were sequenced by 2*300 bp paired-end sequencing on the MiSeq
platform using MiSeq v3 Reagent Kit (Illumina) at Tiny Gene Bio-Tech (Shanghai) Co., Ltd.

Bioinformatics Analysis
According to the effective data of each sample obtained by sequencing, a strategy was developed for
correlation analysis, with the following steps demultiplexed reads were clustered at 97% sequence
identity into operational taxonomic units (OTUs) using the UPARSE pipeline. The OTU representative
sequences were assignment for taxonomy against Silva 119 database with con�dence score ≥ 0.8 by the
classify. OTU taxonomies (from Phylum to Species) were determined based on NCBI[12]. For the alpha-
diversity analysis, Shannon, Chao1, ACE index and rarefaction curves were calculated were using mothur
and plotted by R. For the beta-diversity metrics, the weighted and unweighted UniFrac distance matrix
were calculated using mothur and visualized with Principal Coordinate Analysis (PCoA) by R.

Statistical Analyses
All data were analyzed by using SPSS statistical software (V22.0, SPSS Inc, USA). The results were
expressed as mean ± SD. T Test, Wilcoxon rank-sum Test or X2 Test were used for data comparison, and
Pearson correlation analysis was used for relationship evaluation. P (two-tailed) < 0.05 is considered
statistical signi�cance.

Results

Sample sequencing and clustering
A total of 2096454 high quality nearly full-length 16S rRNA sequences were detected in 47 samples, with
an average of 44,605 sequences per sample, of which 893,952 were obtained in the diseased group and
1202,502 in the control group. A total of 411 OTUs were clustered in 47 samples, including 348 OTUs in
diseased group and 390 OTUs in control group, and 327 OTUs in both groups (Fig. 1). It was divided into
9 phylum, 117 genera and 137 species. The common bacterial phylum in the two groups were
Bacteroidetes, Firmicutes and Proteobacteria, accounting for 57.45%, 35.80% and 5.49% respectively. The
dilution curve shows that the sequencing depth has covered almost all species in the sample, and the
species accumulation curve shows that the sample size is su�cient (Fig. 2).

Alpha Diversity Analysis
We analyzed Alpha diversity by using Shannon and Chao1 index values calculated by QIIME software.
The larger the Shannon index, the higher the microbial community diversity within the individual. The
larger the Chao1 value, the larger the total number of species. Shannon value distribution and Chao1
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value distribution of each group are shown in Fig. 3. By comparing the mean values of Shannon index
and Chao1 index in the two groups, the results showed that there was no signi�cant difference in the
bacterial diversity between the healthy control group and the diseased group (P values were 0.48 and
0.28, respectively)(Fig. 2).

Beta Diversity Analysis
Based on the composition of all bacteria groups, PCA analysis was carried out by using R software to
explore whether there were similarities in the composition of bacteria groups among individuals. PCoA
based on unweigted_unifrac distance showed poor clustering effect in each group, indicating that there
was no statistically signi�cant difference in the distance between samples of the control group and the
diseased group (P > 0.05), indicating that the species and abundance of microorganisms in the two
groups were similar. In addition, the reaction results of the multiple difference matrix graphs are similar
as well(Fig. 4 and S-Figure 1).

Differential Screening
First, we selected Lefse analysis, based on log(LDAscroe) > 2, to screen all horizontal difference species
between healthy group and diseased group (Fig. 5 and S-Figure 2). A total of 11 different species were
obtained, among which 3 in the healthy group were s_Erysipelatoclostridium_ramosum,
s_human_gut_metagenome and g_Barnesiella, and 8 in the diseased group were f_Bi�dobacteriaceae,
s_gut_metagenome, s_Bi�dobacterium_longum, g_Flavonifractor, s_Bi�dobacterium_bi�dum, g-sutterella,
g_Bi�dobacterium, o_Bi�dobacteriales. The difference of species screened between the two groups was
less, which was not consistent with the previous similar research results. The reason may be related to
the small number of samples in the control group and the large difference between the two groups. On
the basis of lefse analysis, we further performed ANOSIM test analysis based on absolute species
abundance using R language. At the genus level, the R value was − 0.013, and the P value was 0.615,
indicating that there was no signi�cant difference between groups and within groups. At the species level,
the R value was 0.055, and the P value was 0.048, indicating the difference between groups and within
groups. Further t.test and metastas were used to analyze all level differences between the healthy group
and the diseased group. The results showed that phylum level, class level, Order level, family level, genus
level and species levels found 1, 1, 2, 4, 13 and 23 distinct species, respectively. In summary,
gut_metagenome and human_gut_metagenome were �nally screened by several methods. Therefore, the
two species gut_metagenome and human_gut_metagenome may have further research value (Fig. 6, S-
Figure 3 and Table 2).
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Table 2
The different species between the two groups

level Differential species

Phylum Tenericutes

Class Mollicutes

Order Micrococcales Rickettsiales

Family Leptotrichiaceae Cellulomonadaceae Staphylococcaceae Paenibacillaceae

Genus Cetobacterium Oceanivirga Parvimonas Dysgonomonas Proteus Tropheryma
Staphylococcus Barnesiella Faecalitalea Paenibacillus Terrisporobacter Epulopiscium
Kluyvera

Species Metagenome [Bacteroides]_coagulans Lachnoclostridium_phytofermentans
Alloprevotella_tannerae Tropheryma_whipplei Prevotella_buccae
uncultured_microorganism human_gut_metagenome Bacteroides_fragilis
bacterium_YE57 uncultured_Bacillales_bacterium uncultured_prokaryote
Alistipes_sp._N15.MGS−157 gut_metagenome Prevotella_disiens
Paenibacillus_sp._H3029 uncultured_rumen_bacterium Dysgonomonas_mossii butyrate-
producing_bacterium_L2−50 Rubus_hybrid_cultivar Peptoniphilus_lacrimalis
Kluyvera_georgiana Alistipes_indistinctus

Correlation Analysis Between Differential Strains And
Clinicopathological Characteristics
The above analysis showed that the community composition characteristics of the diseased group and
the healthy group were analyzed, and two species with further research value, gut_metagenome and
human_gut_metagenome, were �nally selected. Corrplot method was used to analyze the correlation
between gut_metagenome and human_gut_metagenome and the clinicopathological factors of patients
with halazion. The results showed that gut_metagenome has a great correlation with the number,
ulceration, and recurrence of chalazion in children, and r was 0.70, 0.76 and 0.85, respectively, all P < 0.05
(Fig. 7 and Table 3). This suggests that gut_metagenome may be a microbiological indicator which is
independent of clinicopathologic factors but associated with chalazion disease.
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Table 3
The correlation analysis between differential strains and

clinicopathological characteristics

Parameters gut_metagenome human_gut_metagenome

r P r P

Sex 0.34 0.05 −0.04 0.14

Age 0.08 0.38 0.50 0

Height 0.10 0.55 0.52 0

Weight −0.02 0.22 0.49 0

BMI −0.38 0.01 −0.20 0.06

History 0.08 0.44 −0.10 0.71

Number 0.70 0 −0.04 0.19

Side 0.48 0 −0.11 0.06

location 0.34 0.02 −0.36 0.01

In or out 0.38 0.04 −0.09 0.09

Ulceration 0.76 0 −0.02 0.79

Duration 0.43 0.01 −0.10 0.42

Drugs −0.21 0.03 −0.37 0.13

Pathology 0.14 0.94 0.04 0.40

Relapse 0.85 0 −0.01 0.41

Discussion
There are about 1 000 kinds of bacteria in the human intestinal system, and the density of microbial cells
in feces is about 1 013 ~ 1 014 / g[13]. Intestinal �ora plays an important role in regulating the immune
balance of the body and maintaining the normal physiological function of the intestine and the immune
system[14–15]. The research on the relationship between intestinal �ora and human diseases keeps
emerging, and intestinal microbes have attracted great attention. In children, there are many studies on
intestinal �ora, such as immunity, development, obesity and allergy, which have been proved to be related
to intestinal �ora[16–18]. Chronic in�ammation of the meibomian gland is the cause of chalazion in
children, and intestinal �ora is thought to be involved in the in�ammatory process. However, the structural
characteristics of intestinal �ora in children with chalazion have not been reported. Therefore, in this
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study, we hope to verify the differences of intestinal �ora between healthy children and children with
chalazion, so as to explore the possible role of intestinal �ora changes play in the occurrence and
development of chalazion.

In this study, a total of 2096454 sequences were obtained, which were clustered into 411 OTUs and
divided into 9 phylum, 117 genera and 137 species. The two groups of common bacterial phylum are
Bacteroidetes, Firmicutes and Proteobacteria. The two groups of Bacteroidetes and Firmicutes together
account for more than 90% of the intestinal �ora, and the content of Bacteroidetes is higher, which is
consistent with the results of other two Chinese studies[19–20], but different from some foreign studies[21].
In the intestinal study of americans, Firmicutes content was the highest, followed by Bacteroidetes, with a
ratio of 1.4, and that of egyptians was 1.1, compared with 0.6 in this study. This may be caused by the
different eating habits between the east and the west. Some studies have shown that high-protein, high-
animal fat diet leads to high bacteroidetes content[22], while long-term carbohydrate diet leads to high
�rmicutes content[13]. The �rmicutes/bacteroidetes ratio can be used as a biological indicator of potential
human intestinal pathologic conditions. In this study, the �rmicutes/bacteroidetes ratios of the two
groups were the same, indicating that the intestinal microorganisms of the diseased group were similar to
those of the control group, and were not in pathological conditions.

In this study, fecal samples were collected from 21 children with chalazion and 26 healthy children. DNA
was extracted from fecal samples, and 16S rRNA sequences in intestinal �ora were detected by using
second-generation sequencing technology. Then results were used to compare the microbiome
composition between patients and healthy controls. The results showed that the intestinal bacteria in the
children with chalazion group and the healthy children group were mainly belonging to Bacteroidetes and
Firmicutes, which was similar to relevant reports[23]. Previous studies have suggested that when body
suffers from severe infection, severe trauma or other attacks, the balance of intestinal �ora will be
destroyed, the probiotic bi�dobacteria will be restricted, the pathogen escherichia coli will proliferate and
be transferred into the blood circulation, causing the occurrence of bacteremia and promoting excessive
activation of systemic in�ammation[24–25]. Previous studies in colorectal cancer, in�ammatory bowel
disease, cirrhosis and other diseases have con�rmed that the species diversity of intestinal �ora is higher
in healthy state than in disease state[26–27]. In this study, Alpha diversity analysis and Beta diversity
analysis suggested that the composition of bacteria in the control group and the diseased group were
relatively similar. This suggests that the disease status of children with chalazion may be related to
speci�c species changes rather than to the overall composition of the micro�ora.

In this study, the strati�ed analysis of phylum, class, order, family and genus revealed that there were
some differences in species distribution between the children with chalazion group and the healthy
children group. Therefore, through Lefse analysis and absolute abundance analysis of species, 11 and 43
different species were screened out, respectively. Among these differential species, we �nd that
gut_metagenome and human_gut_metagenome are common differential species at the species level
obtained by the above analysis. Compared with the healthy group, the content of gut_metagenome
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increased while the content of human_gut_metagenome decreased in the chalazion group. The
corresponding genera of gut_metagenome and human_gut_metagenome are Sutterella and
Lachnoclostridium, respectively.

The Sutterella strain has been linked to a number of human diseases, such as autism, down syndrome
and in�ammatory bowel disease (IBD). Members of the genus Sutterella are widely found in the human
gastrointestinal tract and have pro-in�ammatory and immunomodulatory effects, and have no obvious
correlation with the epithelial homeostasis damage related to the imbalance of microbiota and the
increase of proteus[28–30]. Lachnoclostridium is associated with a variety of human diseases, such as
autism, cervical cancer, and food allergies[31–33]. Lachnoclostridium has been shown to decline in many
diseases, such as small intestinal tumors and hashimoto thyroiditis[34–35]. The results of this study show
that the variation trend of gut_metagenome and human_gut_metagenome is consistent with the previous
research results. We further used corrplot method to analyze the correlation between gut_metagenome,
human_gut_metagenome and the clinicopathological factors of children with chalazion. The results
showed that gut_metagenome was strongly correlated with the number, ulceration, and relapse of
chalazion in children. This suggests that gut_metagenome of the genus Sutterella may play a role in the
occurrence and development of chalazion in children.

Conclusions
Compared with healthy children, there was no signi�cant difference in the diversity index and relative
abundance of bacteria, but there were signi�cant differences in some bacterial species. The different
strains identi�ed in this study, gut_metagenome and human_gut_metagenome, may play a role in the
occurrence and development of children with chalazion. In particular, gut_metagenome has a strong
correlation with the growth number, rupture and recurrence of chalazion in children. This suggests that
gut_metagenome may be a microbiological indicator associated with chalazion independent of
clinicopathologic factors. However, its speci�c role and mechanism need to be further studied.

Abbreviations
DNA deoxyriboNucleic acid

RNA ribonucleic acid

OTUs operational taxonomic units

PCR Polymerase chain reaction

PCoA Principal Coordinate Analysis

IBD in�ammatory bowel disease
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Figure 1

OTU Venn Diagram between the two groups (A= chalazion group,B= control group)

Figure 2

The multy sample refraction curves and species accumulation curves of the two groups (A= chalazion
group,B= control group)
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Figure 3

The Shannon, Chao1 index curve and box diagram of the two groups of samples (A= chalazion group,B=
control group)



Page 17/20

Figure 4

The PCoA diagram and the diversity matrix diagram of the two groups of samples (A= chalazion
group,B= control group)
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Figure 5

The Lefse analysis of the species differences between control group and diseased group (A= chalazion
group,B= control group)



Page 19/20

Figure 6

The ANOSIM analysis of the species differences between control group and diseased group (A=
chalazion group,B= control group)
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Figure 7

The correlation analysis between differential strains and clinicopathological characteristics
gm=gut_metagenome, hgm=human_gut_metagenome, *P<0.05
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