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Background: Endometriosis is a chronic disease that affects women in reproductive age, and adeno-
myosis was known as “endometriosis in the uterus”. Endometriosis is an immune-dysfunction-related
disease, contributing to the diversity of microbiota in the lower genital tract. Endometriosis is also an
infection-related disease, the number of bacteria may contribute to some unknown mechanisms. Pres-
ently, the feature of microbiota between endometriosis patients and normal people is not fully
understood.
Methods: To identify the microbiota differences and features of endometriosis patients, 298 samples
from the cervical canal, posterior fornix of the vagina and uterine cavity were analyzed by 16s-rRNA
sequencing. Raw data were filtered, analyzed, and visualized. We conducted diversity analysis, statistical
data of microbiota abundance, biomarker identification, random forest, and environmental factors
analysis.
Results: Alpha diversity was not distinctive in endometriosis and adenomyosis patients. Posterior fornix
near cervix was a better sampling location to analyze the dysmenorrhea-related microbiota feature; few
dysmenorrhea-related bacteria were identified. Endometrial bacteria is controversial, and the result of
16s-rRNA sequencing was not good enough to conduct further analysis. Anaerococcus was a possible
biomarker of adenomyosis-endometriosis patients. The identified bacteria were representative only in
specific periods during the menstrual cycle. GnRH-a treatment impacted microbiota feature the most
compared with other environmental factors.
Conclusion: This study provided us with a new concept of endometriosis and bacteria; different
microbiota features may relate to endometriosis. The bacterial involvement should be considered in the
future study of endometriosis. New non-invasive diagnosis and therapeutic methods through bacterial
medication are prospective.
© 2021 The Authors. Publishing services by Elsevier B.V. on behalf of KeAi Communications Co. Ltd. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/

4.0/).
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1. Introduction

Endometriosis is a chronic gynecological disorder characterized
by endometrial tissue outside the uterus and affects 10e15 % of
women in reproductive age.1e4 Endometriosis contributes a lot to
pelvic pain, ovarian mass, and infertility.1,5 In addition, adeno-
myosis, which is known as “endometriosis of the uterus”, an
important gynecological disorder and causes severe pelvic pain6,7,
but their interrelations is not fully understood.6 Immunological
disorder, angiogenesis and endocrine are closely related to the
development of endometriosis. H.Kobayashi has reported that
Neurotrophins (NTs) are overexpressed in endometriosis and
encompass nerve growth factor (NGF), brain-derived neurotrophic
factor (BDNF), and NT-3 and NT-4/5, An increased release of
proinflammatory cytokines from endometriotic lesions is
contribute to the excessive sensory innervation and development
of chronic pelvic pain8. Immune system dysfunction greatly im-
pacts the development of endometriosis, which involves various
types of immune cells and cytokines.1,9 The feature of the host
immunity is also closely related to bacterial vaginosis (BV),10 pre-
vious studies had demonstrated that infection of the genital tract
might be associated with endometriosis, lipopolysaccharide regu-
lates the pro-inflammatory response and the growth of endome-
triosis through the LPS/TLR4 cascade. Besides, the cross-talk
between inflammation and ovarian steroids or the stress reaction
also was observed in the pelvic peritoneum.11,12 Menstrual cycle-
related taxa are over-represented in endometriosis and adeno-
myosis patients.13

Bacterial vaginosis (BV) is best described as a polybacterial
dysbiosis,14 and it is correlated to immune dysfunction.15,16

Numbers of evidence suggested that endometriosis was associ-
ated with bacterial infection and lipopolysaccharide.10,16,17 The
related bacteria may rise from the vaginal to the uterine cavity, but
the exact mechanism is still unrevealed. Human Microbiome
Project (HMP) is aimed to recognize the importance of bacterial
community in human health.17 Since the 16s-ribosome RNA
sequencing technology was developed, much more bacteria were
identified because culture-based technology can only culture finite
live bacteria while approximately 1 % of bacteria can be culture.18

HMP project had been conducted in many different aspects,
including urine, fetal-amniotic fluid-maternal host, digestion tract,
and human skin17e24. Some researchers even performed the gut
microbiome analysis in endometriosis mice25; however, there is
only a few studies on the microbiome of endometriosis or adeno-
myosis in the female genital tract. Chen et al. conducted the random
forest models distinguished depletion or enrichment of many
bacteria subjected to diseases.13 The results were relatively
Fig. 1. The exact proportion of sample among each group. (a) The samples from three differe
pie chart shows their proportion in all 298 samples. (b) The proportion of four groups in a
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s:ch
debatable for those who had previously demonstrated the possible
microbiome features in endometriosis patients. A large cohort
study had revealed that BV is positively correlated to endometri-
osis,26 but the BV-related Atopobium was found depletion.27

It is important to investigate the microbiome in endometriosis
and adenomyosis patients. We can alleviate endometriosis by
regulating vaginal bacterial if the exact functions of themicrobiome
are identified in the future.

2. Materials and methods

2.1. Patient selection

This study was approved by Ethics Committee of Peking Union
Medical College Hospital (PUMCH), approval No. JS-1532. The
outpatients in clinical visit and inpatients who were hospitalized
for surgerywere included in the study fromApril 2018 toMay 2019.
The inclusion criteria include: regular menstrual cycle (28 ± 7
days), age range from 18 to 45-year-old, antibiotic-free within 30
days, no trans-vaginal intercourse within 2 days, no douching and
trans-vaginal medications within 5 days, no cervical treatment
within 7 days. The exclusion criteria include: participants with
symptomatic BV, cervicitis, pelvic inflammatory disease (PID), any
acute systemic inflammation, malignancy, autoimmune disorders,
pregnancy, and intrauterine devices, oral-contraceptive treatment
in 30 days, during menstruation. Informed consent was obtained
from all participants.

149 participants were included in this study, and 298 samples
were available totally. Cervical canal (site-A) and posterior fornix
(site-B) samples were collected from each participant, and the data
of 147 samples from the cervical canal (site-A) and 146 samples
from posterior fornix (site-B) were available eventually. 7 samples
from the uterine cavity (site-C) were collected, and 5 (71.43 %) of
them generated available data successfully (Fig. 1 a). Considering
the small sample size and low PCR quality, intra-uterine samples
were excluded temporally. 134 participants underwent surgery
intervention, with traceable surgery records and pathological re-
ports. While the other 15 outpatients did not undergo surgery
intervention, and their final diagnoses were obtained from radio-
logical examinations (magnetic resonance images and
ultrasounds).

2.2. Sample collection

Disposable swabs (Jiangsu Tianli Medical Instrument CO., LTD.)
were used for cervical sampling canal (site A), and posterior fornix
of the vagina (site B); vacuum suck tubes (Jiangsu Tianli Medical
nt locations had been collected: uterine cavity, posterior fornix, and cervical canal. The
ll 298 samples and 149 participants.
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Fig. 2. Alpha diversity
Four types of alpha diversity were analyzed, including Chao index, Richness index (Observed number of OTUs), Shannone index, and Simpson index. For each alpha index, four
groups were analyzed, and p < 0.05 was identified as statistically significant. The result showed no significance in all groups.
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Instrument CO., LTD. Guardking, JDC-II) were used for sampling
endometrium (site C). All the samples were then placed in ice and
subsequently stored at �80 �C, then transported on dry ice to
Annoroad Gene Technology Co. Ltd (Beijing, China) for further
analysis.

2.3. 16S ribosomal-RNA gene sequencing

Total genome DNA from samples was extracted using CTAB/SDS
method (E.Z.N.A.® soil DNA Kit, Omega Bio Tek, Norcross, GA, U.),
according to manufacturer's protocols. DNA concentration and
purity were evaluated by NanoDrop 2000 UV vis spectrophotom-
eter (Thermo Scientific, Wilmington, USA). 16S rRNA genes of
distinct regions (16SV3eV4) were amplified used specific primers
338F (50-ACTCCTACGGGAGGCAGCAG-30) and 806R (50-GGAC-
TACHVGGGTWTCTAAT-30) with the barcode. All PCR reactions were
carried out with Phusion® High-Fidelity PCR Master Mix (New
England Biolabs). Samples with the bright main strip between 400
and 450bp were selected for further experiments. PCR products
Lactobacillaceae

Bifidobacteriaceae

Pseudomonadaceae

Coriobacteriaceae

Prevotellaceae

Streptococcaceae

Veillonellaceae

Clostridiales_Incertae_Sed

Leptotrichiaceae

Other

.Family.Family
100%

75%

50%

25%

0%

AM AMEM CT EM

Fig. 3. Beta diversity
Each columnwas integrated by groups after the normalization of each sample, both Family an
Y-axis represents the proportion by percentage.

121
weremixed in equidensity ratios. Then, mixture PCR products were
purified with Qiagen Gel Extraction Kit (Qiagen, Germany).
Sequencing libraries were generated using TruSeq® DNA PCR-Free
Sample Preparation Kit (Illumina, USA) following the manufac-
turer's recommendations, and index codes were added. The library
quality was assessed on the Qubit@ 2.0 Fluorometer (Thermo Sci-
entific) and Agilent Bioanalyzer 2100 system. Lastly, the library was
sequenced on an IluminaHiSeq2500 platform, and 250 bp paired-
end reads were generated.

2.4. 16s ribosomal RNA sequence analysis

Raw sequence reads of 16s rRNA gene sequences were filtered
and analyzed by vsearch and usearch.28,29 The amplicon sequence
variants (ASV, 100 % cluster) were classified taxonomically through
Unoise330 and using the Greengenes 16s ribosomal RNA gene
reference database. The taxonomic composition of microbial com-
munities was visualized using R and STAMP v.2.1.3, subjected to
Benjamini-Hochberg false discovery rate (FDR) correction.
is_XI

Lactobacillus

Gardnerella

Pseudomonas

Atopobium

Prevotella

Streptococcus

Unassigned

Bifidobacterium

Megasphaera

Other

100%

75%

50%

25%

0%

AM AMEM CT EM

.Genus.Genus

d Genus level are shown. The top 10 (abundance) OTUs in all groups had been selected,
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2.5. Principal coordinates analysis (PCoA)

PCoA can simplify the distances of samples from multiple-to
two-dimension. Two types of distance matrixes (Bray-Curtis and
Unweighted Unifrac) were compared and constrained PCoA
(CPCoA) was also performed. These methods were designed to dig
out the distinctive distance of each sample group.

2.6. LDA and LEfSe analysis

To identify the distinctive cervical canal microbiota between
different groups, linear discriminant analysis (LDA) and LDA Effect
Size (LEfSe) method were used to compare the composition of
cervical canal microbiota using an online tool (www.ehbio.com).
Cladogram, LDA barplot, and proportion histogramwere generated.

2.7. Machine learning

Machine learning was emerged as a method to determine how
the microbiome can be used to separate samples based on current
state or predict future state.31 Random Forest classification con-
tained the predictive bacterial taxa of endometriosis and adeno-
myosis with 5 folds cross-validation. Visual Analogue Scale (VAS)
122
and menstrual cycle were studied using Random Forest regression
with 10 folds cross validation to find out the important taxa in
different phases.

2.8. Environment factor analysis

Environment factor analysis was conducted to identify specific
factors that correlate to the feature of microbiota using the Adonis
test (p < 0.05). We included the number of gravidity and parity,
height, weight, body mass index (BMI), days of menstrual period,
days of the menstrual cycle, VAS, infertility, gonadotrophin-
releasing hormone agonists (GnRH-a) treatment. Variance Parti-
tioning Analysis (VPA) was used to identify the best combination of
factors that impact the different features the most.

3. Results

3.1. Demographic

21 (14.09 %) participants were diagnosed adenomyosis without
endometriosis, 34 (22.82 %) participants were endometriosis
(including ovarian endometriosis, deepDIE, peritoneal type, and
other special types) without adenomyosis, 13 (8.72 %) participants

http://www.ehbio.com
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Bacteria|Firmicutes|Bacilli|Bacillales|Bacillales_Incertae_Sedis_XI
Bacteria|Proteobacteria|Betaproteobacteria|Burkholderiales|Burkholderiaceae

Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Actinomycetaceae
Bacteria|Proteobacteria|Deltaproteobacteria|Desulfovibrionales|Desulfovibrionaceae

Bacteria|Tenericutes|Mollicutes|Mycoplasmatales|Mycoplasmataceae
Bacteria|Firmicutes|Bacilli|Bacillales|Staphylococcaceae

Bacteria|Proteobacteria|Gammaproteobacteria|Enterobacteriales|Enterobacteriaceae
Bacteria|Spirochaetes|Spirochaetia|Spirochaetales|Spirochaetaceae

NA|NA|NA|NA|NA
Bacteria|Firmicutes|Clostridia|Clostridiales|Eubacteriaceae

Bacteria|Firmicutes|Clostridia|Clostridiales|Peptoniphilaceae
Bacteria|Firmicutes|Bacilli|Lactobacillales|Streptococcaceae

Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Fusobacteriaceae
Bacteria|Firmicutes|Bacilli|Lactobacillales|Enterococcaceae

Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI
Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Micrococcaceae

Bacteria|Actinobacteria|Actinobacteria|Coriobacteriales|Coriobacteriaceae
Bacteria|Firmicutes|Negativicutes|Selenomonadales|Veillonellaceae

Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae
Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae

Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Prevotellaceae
Bacteria|Actinobacteria|Actinobacteria|Bifidobacteriales|Bifidobacteriaceae

Bacteria|Firmicutes|Bacilli|Lactobacillales|Lactobacillaceae
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Bacteria|Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|Peptostreptococcus

Bacteria|Proteobacteria|Epsilonproteobacteria|Campylobacterales|Campylobacteraceae|Campylobacter

Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Unassigned

Bacteria|Spirochaetes|Spirochaetia|Spirochaetales|Spirochaetaceae|Treponema

Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI|Ezakiella

Bacteria|Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|Terrisporobacter

Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Unassigned

Bacteria|Tenericutes|Mollicutes|Mycoplasmatales|Mycoplasmataceae|Mycoplasma

Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Fusobacteriaceae|Fusobacterium

Bacteria|Firmicutes|Bacilli|Lactobacillales|Aerococcaceae|Aerococcus

Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Micrococcaceae|Arthrobacter

Bacteria|Firmicutes|Bacilli|Lactobacillales|Enterococcaceae|Enterococcus

Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Unassigned

Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Clostridium_XlVa

Bacteria|Actinobacteria|Actinobacteria|Coriobacteriales|Coriobacteriaceae|Atopobium

Bacteria|Firmicutes|Clostridia|Clostridiales|Eubacteriaceae|Unassigned

Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Prevotellaceae|Prevotella

Bacteria|Firmicutes|Bacilli|Lactobacillales|Lactobacillaceae|Lactobacillus

Bacteria|Actinobacteria|Actinobacteria|Bifidobacteriales|Bifidobacteriaceae|Gardnerella
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Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiaceae_1|Clostridium_sensu_stricto
Bacteria|Unassigned|Unassigned|Unassigned|Unassigned|Unassigned

NA|NA|NA|NA|NA|NA
Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Corynebacteriaceae|Corynebacterium

Bacteria|Firmicutes|Bacilli|Lactobacillales|Lactobacillaceae|Pediococcus
Bacteria|Bacteroidetes|Unassigned|Unassigned|Unassigned|Unassigned

Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Oscillibacter
Bacteria|Actinobacteria|Actinobacteria|Coriobacteriales|Coriobacteriaceae|Slackia

Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Parabacteroides
Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI|Anaerococcus

Bacteria|Actinobacteria|Actinobacteria|Bifidobacteriales|Bifidobacteriaceae|Bifidobacterium
Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Blautia

Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Porphyromonas
Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Unassigned

Bacteria|Firmicutes|Bacilli|Lactobacillales|Streptococcaceae|Streptococcus
Bacteria|Tenericutes|Mollicutes|Mycoplasmatales|Mycoplasmataceae|Ureaplasma

Bacteria|Firmicutes|Clostridia|Clostridiales|Peptoniphilaceae|Peptoniphilus
Bacteria|Firmicutes|Negativicutes|Selenomonadales|Veillonellaceae|Dialister

Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Allobaculum
Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI|Finegoldia

Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Roseburia
Bacteria|Proteobacteria|Gammaproteobacteria|Enterobacteriales|Enterobacteriaceae|Escherichia/Shigella

Bacteria|Firmicutes|Clostridia|Clostridiales|Unassigned|Unassigned
Bacteria|Firmicutes|Negativicutes|Selenomonadales|Veillonellaceae|Negativicoccus

Bacteria|Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|Romboutsia
Bacteria|Proteobacteria|Gammaproteobacteria|Pseudomonadales|Pseudomonadaceae|Pseudomonas

Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Propionibacteriaceae|Propionibacterium
Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Actinomycetaceae|Varibaculum
Bacteria|Proteobacteria|Betaproteobacteria|Burkholderiales|Burkholderiaceae|Ralstonia

Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Leptotrichiaceae|Sneathia
Bacteria|Firmicutes|Bacilli|Bacillales|Bacillales_Incertae_Sedis_XI|Gemella
Bacteria|Firmicutes|Clostridia|Clostridiales|Peptococcaceae_1|Peptococcus

Bacteria|Cyanobacteria|Chloroplast|Unassigned|Chloroplast|Streptophyta
Bacteria|Proteobacteria|Deltaproteobacteria|Desulfovibrionales|Desulfovibrionaceae|Desulfovibrio

Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Fusobacteriaceae|Cetobacterium
Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Turicibacter

Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Faecalibacterium
Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Howardella
Bacteria|Firmicutes|Bacilli|Bacillales|Staphylococcaceae|Staphylococcus

Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Ruminococcus
Bacteria|Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|Peptostreptococcus

Bacteria|Proteobacteria|Epsilonproteobacteria|Campylobacterales|Campylobacteraceae|Campylobacter
Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Unassigned

Bacteria|Spirochaetes|Spirochaetia|Spirochaetales|Spirochaetaceae|Treponema
Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI|Ezakiella

Bacteria|Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|Terrisporobacter
Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Unassigned

Bacteria|Tenericutes|Mollicutes|Mycoplasmatales|Mycoplasmataceae|Mycoplasma
Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Fusobacteriaceae|Fusobacterium

Bacteria|Firmicutes|Bacilli|Lactobacillales|Aerococcaceae|Aerococcus
Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Micrococcaceae|Arthrobacter

Bacteria|Firmicutes|Bacilli|Lactobacillales|Enterococcaceae|Enterococcus
Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Unassigned

Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Clostridium_XlVa
Bacteria|Actinobacteria|Actinobacteria|Coriobacteriales|Coriobacteriaceae|Atopobium

Bacteria|Firmicutes|Clostridia|Clostridiales|Eubacteriaceae|Unassigned
Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Prevotellaceae|Prevotella

Bacteria|Firmicutes|Bacilli|Lactobacillales|Lactobacillaceae|Lactobacillus
Bacteria|Actinobacteria|Actinobacteria|Bifidobacteriales|Bifidobacteriaceae|Gardnerella

0.0 0.2 0.4 0.6 0.8

Increased in mean squared error(%)

Bacteria|Firmicutes|Bacilli|Lactobacillales|Streptococcaceae|Streptococcus

Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Unassigned
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Fig. 8. Random forest regression by VAS Random forest regression by VAS. InMSE represents the feature importance of each microbiota. InMSE: Increased in mean squared error (%)
VAS: Visual Analogue Score NA: Not Applicable taxonomy.
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were adenomyosis combine with endometriosis, 81 (54.36 %) pa-
tients were classified as control group, including infertility, leio-
myoma, ovarian borderline tumor and teratoma. In total 298
samples, 67 (22.48 %) samples were endometriosis group (EM), 161
(54.03 %) samples were control group (CT), 27 (9.06 %) samples
were adenomyosis-endometriosis group (AMEM) and 43 (14.43 %)
samples were adenomyosis group (AM) (Fig. 1 b).
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3.2. Microbiota features in group analysis

3.2.1. Microbiota diversity of adenomyosis and endometriosis
The patients were divided into four different groups (AM,

AMEM, CT, and EM). The dominant genus of bacteria in the lower
genital tract is Lactobacillus, including L.crispatus, L.iners, L. jensenii
and L. gasseri.14 Chao index, Richness index, Shannon_e index and
Simpson index showed no statistical difference (Fig. 2). The alpha-
rarefaction curve was also assessed to validate the depth of sample
124
size (Supplementary Fig. 1). In the beta diversity analysis, the top 10
OTUs (Operational Taxonomy Units) were selected according to
abundance and showed in family and genus levels (Fig. 3). AM
group shared the largest proportion in Atopobium, adenomyosis-
endometriosis took the largest proportion in Gardnerella (Fig. 4).
Lactobacillus is still the most dominant OTU as reported,9,13 but for
several cases, Lactobacillus only took a small proportion while
Gardnerella, Atopobium or Prevotella were significant dominant
(Supplementary Fig. 2).

In the Bray-Curtis matrix analysis, AM and AMEM groups were
nearly fully overlapped with each other while EM and CT groups
were mostly overlapped; four groups of distribution areas with
95 % confidential interval (CI) were almost the same (Fig. 5 a). In the
Unweighted-Unifrac matrix, the areas of four groups were not
separated distinctively. However, AM groups showed a wider dis-
tance than any other groups (Fig. 5 b), and CPCoA almost experi-
enced the same problem (Fig. 5 c).
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Bacteria|Firmicutes|Bacilli|Lactobacillales|Lactobacillaceae
Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Propionibacteriaceae
Bacteria|Proteobacteria|Gammaproteobacteria|Pseudomonadales|Pseudomonadaceae
Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae
Bacteria|Firmicutes|Clostridia|Clostridiales|Peptoniphilaceae
Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Prevotellaceae
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NA|NA|NA|NA|NA
Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiaceae_1
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Bacteria|Firmicutes|Negativicutes|Selenomonadales|Veillonellaceae
Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Corynebacteriaceae
Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae
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Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae
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Bacteria|Proteobacteria|Deltaproteobacteria|Desulfovibrionales|Desulfovibrionaceae
Bacteria|Cyanobacteria|Chloroplast|Unassigned|Chloroplast
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Bacteria|Firmicutes|Bacilli|Bacillales|Staphylococcaceae
Bacteria|Spirochaetes|Spirochaetia|Spirochaetales|Spirochaetaceae
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Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Unassigned

Bacteria|Proteobacteria|Gammaproteobacteria|Pseudomonadales|Pseudomonadaceae|Pseudomonas

Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Propionibacteriaceae|Propionibacterium

Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Fusobacteriaceae|Fusobacterium

Bacteria|Firmicutes|Bacilli|Lactobacillales|Lactobacillaceae|Lactobacillus

Bacteria|Bacteroidetes|Bacteroidia|Bacteroidales|Porphyromonadaceae|Parabacteroides

Bacteria|Tenericutes|Mollicutes|Mycoplasmatales|Mycoplasmataceae|Mycoplasma

Bacteria|Unassigned|Unassigned|Unassigned|Unassigned|Unassigned

Bacteria|Firmicutes|Bacilli|Lactobacillales|Aerococcaceae|Aerococcus

Bacteria|Firmicutes|Clostridia|Clostridiales|Eubacteriaceae|Unassigned

Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Unassigned

Bacteria|Firmicutes|Negativicutes|Selenomonadales|Veillonellaceae|Negativicoccus

Bacteria|Firmicutes|Bacilli|Bacillales|Bacillales_Incertae_Sedis_XI|Gemella

Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Howardella

Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Ruminococcus

Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Clostridium_XlVa

Bacteria|Proteobacteria|Gammaproteobacteria|Enterobacteriales|Enterobacteriaceae|Escherichia/Shigella

Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Leptotrichiaceae|Sneathia

Bacteria|Firmicutes|Clostridia|Clostridiales|Lachnospiraceae|Blautia

Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Allobaculum

Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Faecalibacterium

Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI|Finegoldia

Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Micrococcaceae|Arthrobacter

Bacteria|Firmicutes|Bacilli|Lactobacillales|Lactobacillaceae|Pediococcus

Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Corynebacteriaceae|Corynebacterium

Bacteria|Firmicutes|Clostridia|Clostridiales|Ruminococcaceae|Unassigned

Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI|Anaerococcus

Bacteria|Firmicutes|Clostridia|Clostridiales|Clostridiales_Incertae_Sedis_XI|Ezakiella

Bacteria|Firmicutes|Clostridia|Clostridiales|Peptostreptococcaceae|Terrisporobacter

Bacteria|Firmicutes|Clostridia|Clostridiales|Peptococcaceae_1|Peptococcus

Bacteria|Proteobacteria|Epsilonproteobacteria|Campylobacterales|Campylobacteraceae|Campylobacter

Bacteria|Actinobacteria|Actinobacteria|Actinomycetales|Actinomycetaceae|Varibaculum

Bacteria|Proteobacteria|Betaproteobacteria|Burkholderiales|Burkholderiaceae|Ralstonia

Bacteria|Proteobacteria|Deltaproteobacteria|Desulfovibrionales|Desulfovibrionaceae|Desulfovibrio

Bacteria|Actinobacteria|Actinobacteria|Bifidobacteriales|Bifidobacteriaceae|Bifidobacterium

Bacteria|Cyanobacteria|Chloroplast|Unassigned|Chloroplast|Streptophyta

Bacteria|Firmicutes|Bacilli|Lactobacillales|Enterococcaceae|Enterococcus

Bacteria|Firmicutes|Erysipelotrichia|Erysipelotrichales|Erysipelotrichaceae|Turicibacter

Bacteria|Spirochaetes|Spirochaetia|Spirochaetales|Spirochaetaceae|Treponema

Bacteria|Fusobacteria|Fusobacteriia|Fusobacteriales|Fusobacteriaceae|Cetobacterium

Bacteria|Firmicutes|Bacilli|Bacillales|Staphylococcaceae|Staphylococcus

Bacteria|Bacteroidetes|Unassigned|Unassigned|Unassigned|Unassigned
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Bacteria|Firmicutes|Negativicutes|Selenomonadales|Veillonellaceae|Dialister
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Fig. 9. Random forest regression by VAS Random forest regression by VAS. These four heat maps show the tendency of microbiota change with VAS increase. Blue represents
negative feature importance; red represents positive feature importance. The color from blue to red indicates the increasing tendency of feature importance. Y-axis represents
microbiotas, and X-axis represents the VAS score. VAS: Visual Analogue Score NA: Not Applicable species.
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According to different methods of beta diversity analysis,
although the proportion of such OTUs was different in the histo-
gram (Fig. 3 and Supplementary Fig. 2), the groups may still not be
separated significantly in the PCoA plot (Fig. 5).

3.3. Distinctive species of different disease groups

The two-two comparison showed significantly distinctive
microbiotas (p < 0.05). At family level, only two microbiotas
showed differences. The proportion of Peptoniphilaceae was higher
in AM and AMEM (Fig. 6 a 2) and shared almost the same propor-
tion in AM-AMEM and EM-CT comparisons (Supplementary Fig. 3 a
2). Enterococcaceae showed no differences between AMEM(n ¼ 27)
and EM(n ¼ 67), p ¼ 0.17. In the genus level, Bifidobacterium was
significantly higher in AM than any other group. Other microbiotas
of Finegoldia and Peptostreptococcus occupied more proportions in
the AMEM group (Fig. 6 b 4,5). Enterococcus showed no differences
between AMEM(n ¼ 27) and EM(n ¼ 67), p ¼ 0.17; Finegoldia also
showed no differences between AMEM(n ¼ 27) and AM(n ¼ 43),
p ¼ 0.19. These histograms only analyzed the different proportions
of microbiotas, but it could not find out their importance (Fig. 6).
The three-dimensional PCA figure also did not show significant
differences in four disease groups (Supplementary Fig. 4).

3.4. Possible biomarker of microbiota in the lower genital tract

At the family level, Clostridiales_Incertae_Sedis_XI demonstrated
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significant distinction with LDA score (log 10) >4.0; in the genus
level, Anaerococcus exhibited distinctive importancewith LDA score
(log 10) >4.0 (Fig. 7, Supplementary Fig. 5). The result of propor-
tional differences in beta diversity did not reveal such character-
istics at family level, and the relative abundance of
Clostridiales_Incertae_Sedis_XI Anaerococcus displayed significant
individual differences (Supplementary Fig. 6).
3.5. Sample site selection and feature importance of microbiota in
dysmenorrhea related study

Previous studies have proved that endometriosis dysmenorrhea
is correlated to some imbalanced immune factors, such as IL-6 and
IL-8,32 but the mechanism is still not fully understood. VAS per-
formed random forest regression to figure out the importance and
to change tendency of exact microbiota through heat maps. Two
sites of sample collection (cervical canal & posterior fornix) were
compared with each other. By selecting the OTU number that could
minimize the error rate (Supplementary Fig. 7), the corresponding
top number of microbiotas were selected, and their feature
importance was calculated, respectively (Fig. 8 a-d). Nearly half of
the microbiota contributed to negative InMSE (increased in mean
squared error %) in site A (Fig. 8 a,c), while all the OTUs at site B
showed positive InMSE (Fig. 8 b,d). These result suggested that the
posterior fornix could be a better sampling site than the cervical
canal to evaluate dysmenorrhea-related microbiota in both family
and genus levels.
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Fig. 10. Random forest regression by menstrual cycle (adenomyosis). Random forest regression by the menstrual cycle. Blue and red represent negative and positive feature
importance, respectively. The color from blue to red indicates the increasing tendency of feature importance. This analysis was conducted at the family level. Y-axis represents
microbiotas, and X-axis represents the menstrual cycle day of sampling. NA: Not Applicable species GnRH-a: Gonadotrophin Releasing Hormone agonist.
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Fig. 11. Random forest regression by menstrual cycle (endometriosis). Random forest regression by the menstrual cycle. Blue and red represent negative and positive feature
importance, respectively. The color from blue to red indicates the increasing tendency of feature importance. This analysis was conducted at family level. The right Y-axis represents
the cladogram, X-axis represents the menstrual cycle day of sampling. NA: Not Applicable species.
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In addition, the important features of the heat map were also
generated (Fig. 9 a-d). In the samples at site B, the important fea-
tures of microbiota changed from upper left to lower right with the
increase of VAS (Fig. 9 b,d), suggesting that VAS is associated with
the important change of microbiota.
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3.6. Menstrual cycle-related microbiota shift in endometriosis and
adenomyosis

Random forest regression was also used to analyze the micro-
biota features during the menstrual cycle. Estrogen is associated
st.



Table 1
Adonis test.

Environment Factors R2 P

Gravidity 0.00825 0.005 *
Parity 0.01011 0.001*
Height 0.00457 0.157
Weight 0.00788 0.006 *
BMI 0.00569 0.048 *
Menstrual cycle 0.00751 0.006 *
Menstrual period 0.00509 0.085
Visual Analogue Score 0.00762 0.013 *
Infertility 0.00634 0.017 *
GnRHa treatment 0.01410 0.001 *

R2 represents the degree of explanation, the explanation degree is stronger with the
R2 closer to 1. The R2 of GnRHa treatment was the largest, it contributed to the
feature the most. *P < 0.05 was considered statistically significant.
GnRHa: Gonadotrophin Releasing Hormone.
BMI: Body Mass Index.
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with interleukin (IL)33 as well as macrophages34; the change of IL is
also correlated to the bacterial micro-environment.10 The micro-
biotas that impact the micro-environment the most are shown in
Supplementary Figs. 8 and 9. GnRH-a-treated patients were
excluded (n ¼ 27). For the adenomyosis patients (n ¼ 35), Erysi-
pelotrichaceae was the most important bacteria in the posterior
fornix of vagina (Supplementary Figure 8 b). While for the endo-
metriosis patients, Clostridiaceae and Mycoplasmataceae were the
most important ones in the cervical canal and posterior fornix,
respectively (Supplementary Figs. 9aeb). Heat maps show the
microbiota change within the menstrual cycle (Figs. 10 and 11).
Gra
Parity Gra

VAS Parity Gra
 Height VAS Parity Gra

 BMI Height VAS Parity Gra
 Menstrual-period BMI Height VAS Parity Gra

 Infertility Menstrual-period BMI Height VAS Parity Gra
 Weight Infertility Menstrual-period BMI Height VAS Parity Gra

 Menstrual-cycle Weight Infertility Menstrual-period BMI Height VAS Parity Gra

Fig. 12. Variance Partitioning Analysis (VPA). VPA is used to dig out the best combination of
impact on the microbiota feature. GnRH-a: Gonadotrophin Releasing Hormone agonist.

Fig. 13. CCA is a special type of PCoA; containing environmental factors. Because some of th
two same coordinate systems. CCA: Canonical Corresponding Analysis; PCoA: Principle Co-
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3.7. Environmental factors contributing to the microbiota features

Adonis test showed that eight factors were significantly related
to microbiota feature, gravidity, parity, weight, BMI, menstrual
cycle, VAS, infertility, and GnRH-a treatment (p < 0.05). GnRH-a
was the most important factor that contributes to the feature dif-
ferences between microbiota (Table 1). In addition, the different
combinations of those factors also contributed to the differences to
various extent; the VPA result demonstrated that the single factor
of GnRH-a was the most relative, while the other combinations
were not important as GnRH-a (Fig. 12). CCA showed how those
significant factors affected the microbiota features. The vector of
GnRH-a was the longest, indicating that GnRH-a treatment is the
most effective factor (Fig. 13). Infertility, dysmenorrhea, and the
menstrual cycle had similar effects on microbiota features.
.07te
4. Discussion

This pilot study focused on the microbiota feature and diag-
nostic model of endometriosis and adenomyosis. Although the
microbiota in uterine cavity has been studied, the results and
methods of those studies were miscellaneous; not all researchers
were able to obtain a clear conclusion due to potential contami-
nations or infection.11e13,18,35 It is still debatable whether the
uterine cavity is sterilized, in other words, whether bacterial
contamination only occurs in specific situations, such as in hyper-
contraction phases of the uterus36 or post-GnRH-a treatment.37

The PCR results of our samples from the uterine cavity were un-
satisfactory, suggesting that some of the uterine cavities were
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bacteria-free, and the real condition and the exact situation can be
more complicated. Moreover, the potential contamination cannot
be excluded. In addition, due to the limited methods to collect
samples, contamination may occur in sampling, as J.Baker et al.
mentioned.18 C.Chen et al. collected the samples from the upper
genital tract during operation, but the intra-operational antibiotic
usage may affect the final result of the study.13

Since intra-uterine and cervical microbiotas features have not
been demonstrated, the microbiotas near the cervix were investi-
gated instead of the endometrium. Two locations were included,
i.e., cervical canal and posterior fornix of the vagina. Although these
two sites cannot fully represent the whole community in genital
tract, they are the closest sites to the endometrium, and these two
sites are easily accessible. A better sampling location was expected
to proceed with the analysis and minimize the error of microbiota
analysis. The investigation on dysmenorrhea by random forest
regression identified the importance of the features of microbiota.
The cervical canal samples displayed more OTUs with negative
impacts, while the posterior fornix samples showed several OTUs
with only positive impacts. It proved that posterior fornix is a better
sampling location to analyze the microbiota feature in dysmenor-
rhea investigation.

We divided the participants into four groups, AM, EM, AMEM
and CT. It is noteworthy that the different proportions in beta di-
versity do not completely stand for statistical differences. Only one
microbiota, Clostridiales_Incertae_Sedis_XI Anaerococcus, was iden-
tified as a biomarker in AMEM patients. Anaerococcus was not
significantly different in statistical analysis (p > 0.05), but LeFSe
analysis includes comprehensive algorithms of all OTU features,
and was identified as a potential biomarker. Genus Anaerococcus
was first identified in 2001 by Ezaki,37 a common colonized bacteria
in the gut and women's genital tract.38e40

In beta diversity, Atopobium took more proportion in AMEM
patients in our study, compared with the low abundance in AM or
EM. Atopobium is an endometrial cancer-related bacteria, but
whether it can facilitate malignancy from adenomyosis or endo-
metriosis through downstream effect is unknown.41 In addition,
Atopobium is also a BV-related bacterium, and sub-clinical infection
of BVmay affect the microbiota feature analysis. Thus, it may not be
a better point of endometriosis compared with Anaerococcus. In
some other cases, the BV-related bacteria, such as Atopobium,
Gardenerella and Prevotella, can also act as dominant ones in the
vagina; similar results were also reported by F.Polatti and K.Murphy
et al.10,30

The abundance and functions of microbiota is different between
secretory and proliferating phase.13 Herein, the importance index
(InMSE) of microbiota during the whole menstrual cycle were
analyzed. Using heat map, each microbiota could be recognized as
only important in specific days during the period, while a few
bacteria even had a negative importance index. Different study
levels and sampling sites also showed different results.

Environmental factors analysis is aimed to find out the possible
factors that impact the microbiota features and how they impact
the features. Ten factors that have been routinely recorded in
medical records were included, but different live styles and other
unknown factors were not traceable. Since now there are no
quantitative measurement of sexual activity, so we included
gravidity and parity as two possible variants to represent sexual
activity in this study. Eight environmental factors were statistically
significant with p < 0.05. GnRH-a treatment was the most critical
factor influencing the microbiota feature, followed by BMI and
weight, but each led to different feature characteristics of the
microbiotas. Infertility, days of menstrual cycle and dysmenorrhea
showed similar effectiveness in different extents. For GnRH-a-
treated patients, their vaginal environments were similar to post-
128
menopause women, and bacterial contamination can be detected
in the uterine cavity and endometriosis cystic fluid.37 Infertility,
menstrual cycle, and GnRH-a treatment are all associated with
ovarian function; previous research has also demonstrated that
estrogen and macrophages' cross talk contributes to endometriosis
dysmenorrhea.34 These findings indicated that the microbiota
feature is correlated to estrogen level or ovarian function. The exact
mechanism will be identified in future studies. All considered, the
factors only contribute to the feature for less than 2 %, according to
the Adonis test, which means that other unknown factors should
determine the feature of microbiota for more than 98 %.
5. Conclusion

In this paper, the microbiota feature and differences among
endometriosis and adenomyosis patients were discussed. Because
there is no valid consensus that the uterine cavity is bacteria-free or
not, the microbiotas from the cervical canal and posterior fornix
were compared to find out a better sampling site that could
represent the feature of diseases. Our findings proved that the
posterior fornix of vagina was a better site to analyze dysmenor-
rhea. A few bacteria were identified as important microbiota in
different phases of the menstrual cycle. Anaerococcus was defined
as the biomarker of adenomyosis-endometriosis patients in both
family and genus levels. GnRH-a was the most critical environ-
mental factor that impacts microbiota, while other environmental
factors also contributed to the variety of features in different extent.
In addition, biomarker identification may contribute to a new
method of non-invasive diagnosis, and bacterial transplantation
will be a possible therapy in the future.
Authors' contributions

Sample collection: Sikai Chen, Zhiyue Gu, Wen Zhang, Ping
Zheng.

Investigation: Sikai Chen.
Data analysis: Sikai Chen.
Data visualization: Chen Sikai, Zhiyue Gu.
Writing of original draft: Sikai Chen, Zhiyue Gu.
Writing-review and editing: Sikai Chen, Shuangzheng Jia, Yi Dai.
Final Approval of manuscript: Jinhua Leng, Yi Dai.
Competing interests

The authors declare that they have no competing interests.
Acknowledgements

The study was funded by The Ministry of Science and Technol-
ogy of the People’s Republic of China, National Program on Key
Basic Research Project of China (2017YFC1001200).

The authors appreciated the First Gynecological Ward and Forth
Gynecological Ward nurses in Peking Union Medical College Hos-
pital for their co-operation of sample collection before surgery
preparation.

Jie Guo from CIO Office of Tsing Hua University conducted the
color design of circulized-plot.

The author appreciated Ehbio Gene Technology Co. Ltd (Beijing,
China) for providing sequencing analysis methodology and plat-
forms. The authors are very grateful to the Annoroad Gene Tech-
nology Co. Ltd (Beijing, China) for their help in 16S ribosomal-RNA
gene sequencing.



S. Chen, Z. Gu, W. Zhang et al. Gynecology and Obstetrics Clinical Medicine 1 (2021) 119e129

G
ynecology and O

bstetrics C
linical M

edicine: first published as 10.1016/j.gocm
.2021.07.007 on 1 S

eptem
ber 2021. D

ow
nloaded from

 https://gocm
.bm

j.c
P

rotected by copyright, including for uses related to text and data m
ining, A

I training, and sim
ilar technologies.
Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.gocm.2021.07.007.

References

1. Ahn SH, Monsanto SP, Miller C, et al. Pathophysiology and immune dysfunction
in endometriosis. BioMed Res Int. 2015;2015, 795976. https://doi.org/10.1155/
2015/795976.

2. Eisenberg VH, Weil C, Chodick G, et al. Epidemiology of endometriosis: a large
population-based database study from a healthcare provider with 2 million
members. BJOG. 2018;125(1):55e62. https://doi.org/10.1111/1471-
0528.14711.

3. Vercellini P, Vigan�o P, Somigliana E, et al. Endometriosis: pathogenesis and
treatment. Nat Rev Endocrinol. 2014;10(5):261e275. https://doi.org/10.1038/
nrendo.2013.255.

4. Giudice LC, Kao LC. Endometriosis Lancet. 2004;364(9447):1789e1799. https://
doi.org/10.1016/s0140-6736(04)17403-5.

5. Dai Y, Li X, Shi J, et al. A review of the risk factors, genetics and treatment of
endometriosis in Chinese women: a comparative update. Reprod Health.
2018;15(1):82. https://doi.org/10.1186/s12978-018-0506-7.

6. Leyendecker G, Bilgicyildirim A, Inacker M, et al. Adenomyosis and endome-
triosis. Re-visiting their association and further insights into the mechanisms of
auto-traumatisation. An MRI study. Arch Gynecol Obstet. 2015;291(4):917e932.
https://doi.org/10.1007/s00404-014-3437-8.

7. Saremi A, Bahrami H, Salehian P, et al. Treatment of adenomyomectomy in
women with severe uterine adenomyosis using a novel technique. Reprod
Biomed Online. 2014;28(6):753e760. https://doi.org/10.1016/
j.rbmo.2014.02.008.

8. Kobayashi H, Yamada Y, Morioka S, et al. Mechanism of pain generation for
endometriosis-associated pelvic pain. Arch Gynecol Obstet. 2014;289(1):13e21.
https://doi.org/10.1007/s00404-013-3049-8.

9. Mu F, Harris HR, Rich-Edwards JW, et al. A prospective study of inflammatory
markers and risk of endometriosis. Am J Epidemiol. 2018;187(3):515e522.
https://doi.org/10.1093/aje/kwx272.

10. Murphy K, Mitchell CM. The interplay of host immunity, environment and the
risk of bacterial vaginosis and associated reproductive health outcomes. J Infect
Dis. 2016;214(Suppl 1):S29eS35. https://doi.org/10.1093/infdis/jiw140.

11. Khan KN, Fujishita A, Hiraki K, et al. Bacterial contamination hypothesis: a new
concept in endometriosis. Reprod Med Biol. 2018;17(2):125e133. https://
doi.org/10.1002/rmb2.12083.

12. Takebayashi A, Kimura F, Kishi Y, et al. The association between endometriosis
and chronic endometritis. PloS One. 2014;9(2), e88354. https://doi.org/
10.1371/journal.pone.0088354.

13. Chen C, Song X, Wei W, et al. The microbiota continuum along the female
reproductive tract and its relation to uterine-related diseases. Nat Commun.
2017;8(1):875. https://doi.org/10.1038/s41467-017-00901-0.

14. van de Wijgert JHHM, Borgdorff H, Verhelst R, et al. The vaginal microbiota:
what have we learned after a decade of molecular characterization? PloS One.
2014;9(8), e105998. https://doi.org/10.1371/journal.pone.0105998.

15. Thurman AR, Kimble T, Herold B, et al. Bacterial vaginosis and subclinical
markers of genital tract inflammation and mucosal immunity. AIDS Res Hum
Retrovir. 2015;31(11):1139e1152. https://doi.org/10.1089/aid.2015.0006.

16. Mitchell C, Marrazzo J. Bacterial vaginosis and the cervicovaginal immune
response. Am J Reprod Immunol. 2014;71(6):555e563. https://doi.org/10.1111/
aji.12264.

17. Wolfe AJ, Brubaker L. “Sterile Urine” and the presence of bacteria. Eur Urol.
2015;68(2):173e174. https://doi.org/10.1016/j.eururo.2015.02.041.

18. Baker JM, Chase DM, Herbst-Kralovetz MM. Uterine microbiota: residents,
tourists, or invaders? Front Immunol. 2018;9:208. https://doi.org/10.3389/
fimmu.2018.00208.

19. Ross AA, Müller KM, Weese JS, et al. Comprehensive skin microbiome analysis
reveals the uniqueness of human skin and evidence for phylosymbiosis within
the class Mammalia. Proc Natl Acad Sci USA. 2018;115(25):E5786eE5795.
https://doi.org/10.1073/pnas.1801302115.
129
20. Wang J, Zheng J, Shi W, et al. Dysbiosis of maternal and neonatal microbiota
associated with gestational diabetes mellitus. Gut. 2018;67(9):1614e1625.
https://doi.org/10.1136/gutjnl-2018-315988.

21. Stewart CJ, Ajami NJ, O'Brien JL, et al. Temporal development of the gut
microbiome in early childhood from the TEDDY study. Nature.
2018;562(7728):583e588. https://doi.org/10.1038/s41586-018-0617-x.

22. Vandeputte D, Kathagen G, D'Hoe K, et al. Quantitative microbiome profiling
links gut community variation to microbial load. Nature. 2017;551(7681):
507e511. https://doi.org/10.1038/nature24460.

23. Sprockett D, Fukami T, Relman DA. Role of priority effects in the early-life
assembly of the gut microbiota. Nat Rev Gastroenterol Hepatol. 2018;15(4):
197e205. https://doi.org/10.1038/nrgastro.2017.173.

24. Aagaard K, Ma J, Antony KM, et al. The placenta harbors a unique microbiome.
Sci Transl Med. 2014;6(237). https://doi.org/10.1126/scitranslmed.3008599,
237ra265.

25. Yuan M, Li D, Zhang Z, et al. Endometriosis induces gut microbiota alterations
in mice. Hum Reprod. 2018;33(4):607e616. https://doi.org/10.1093/humrep/
dex372.

26. Edgar RC. Search and clustering orders of magnitude faster than BLAST. Bio-
informatics. 2010;26(19):2460e2461. https://doi.org/10.1093/bioinformatics/
btq461.

27. Rognes T, Flouri T, Nichols B, et al. VSEARCH: a versatile open source tool for
metagenomics. PeerJ. 2016;4, e2584. https://doi.org/10.7717/peerj.2584.

28. Edgar RC, Flyvbjerg H. Error filtering, pair assembly and error correction for
next-generation sequencing reads. Bioinformatics. 2015;31(21):3476e3482.
https://doi.org/10.1093/bioinformatics/btv401.

29. Knight R, Vrbanac A, Taylor BC, et al. Best practices for analysing microbiomes.
Nat Rev Microbiol. 2018;16(7):410e422. https://doi.org/10.1038/s41579-018-
0029-9.

30. Polatti F. Bacterial vaginosis, Atopobium vaginae and nifuratel. Curr Clin
Pharmacol. 2012;7(1):36e40. https://doi.org/10.2174/157488412799218824.

31. McKinnon BD, Bertschi D, Bersinger NA, et al. Inflammation and nerve fiber
interaction in endometriotic pain. Trends Endocrinol Metabol. 2015;26(1):1e10.
https://doi.org/10.1016/j.tem.2014.10.003.

32. Velasco I, Aci�en P, Campos A, et al. Interleukin-6 and other soluble factors in
peritoneal fluid and endometriomas and their relation to pain and aromatase
expression. J Reprod Immunol. 2010;84(2):199e205. https://doi.org/10.1016/
j.jri.2009.11.004.

33. Greaves E, Temp J, Esnal-Zufiurre A, et al. Estradiol is a critical mediator of
macrophage-nerve cross talk in peritoneal endometriosis. Am J Pathol.
2015;185(8):2286e2297. https://doi.org/10.1016/j.ajpath.2015.04.012.

34. Kunz G, Beil D, Deiniger H, et al. The uterine peristaltic pump. Normal and
impeded sperm transport within the female genital tract. Adv Exp Med Biol.
1997;424:267e277.

35. Khan KN, Fujishita A, Kitajima M, et al. Intra-uterine microbial colonization and
occurrence of endometritis in women with endometriosisy. Hum Reprod.
2014;29(11):2446e2456. https://doi.org/10.1093/humrep/deu222.

36. Khan KN, Fujishita A, Masumoto H, et al. Molecular detection of intrauterine
microbial colonization in women with endometriosis. Eur J Obstet Gynecol
Reprod Biol. 2016;199:69e75. https://doi.org/10.1016/j.ejogrb.2016.01.040.

37. Parte AC. LPSN–list of prokaryotic names with standing in nomenclature.
Nucleic Acids Res. 2014;42(Database issue):D613eD616. https://doi.org/
10.1093/nar/gkt1111.

38. Dione N, Bellali S, Yasir M, et al. Anaerococcus jeddahensis sp. nov., a new
bacterial species isolated from healthy nomadic bedouin woman from Saudi
arabia. Curr Microbiol. 2018;75(11):1419e1428. https://doi.org/10.1007/
s00284-018-1538-5.

39. Diop K, Bretelle F, Fournier PE, et al. ’Anaerococcus mediterraneensis‘ sp. nov., a
new species isolated from human female genital tract. New Microbes New
Infect. 2017;17:75e76. https://doi.org/10.1016/j.nmni.2017.02.007.

40. Ata B, Yildiz S, Turkgeldi E, et al. The endobiota study: comparison of vaginal,
cervical and gut microbiota between women with stage 3/4 endometriosis and
healthy controls. Sci Rep. 2019;9(1):2204. https://doi.org/10.1038/s41598-019-
39700-6.

41. Walther-Ant�onio MRS, Chen J, Multinu F, et al. Potential contribution of the
uterine microbiome in the development of endometrial cancer. Genome Med.
2016;8(1):122. https://doi.org/10.1186/s13073-016-0368-y.
om
 on 13 D

ecem
ber 2025 by guest.

https://doi.org/10.1016/j.gocm.2021.07.007
https://doi.org/10.1155/2015/795976
https://doi.org/10.1155/2015/795976
https://doi.org/10.1111/1471-0528.14711
https://doi.org/10.1111/1471-0528.14711
https://doi.org/10.1038/nrendo.2013.255
https://doi.org/10.1038/nrendo.2013.255
https://doi.org/10.1016/s0140-6736(04)17403-5
https://doi.org/10.1016/s0140-6736(04)17403-5
https://doi.org/10.1186/s12978-018-0506-7
https://doi.org/10.1007/s00404-014-3437-8
https://doi.org/10.1016/j.rbmo.2014.02.008
https://doi.org/10.1016/j.rbmo.2014.02.008
https://doi.org/10.1007/s00404-013-3049-8
https://doi.org/10.1093/aje/kwx272
https://doi.org/10.1093/infdis/jiw140
https://doi.org/10.1002/rmb2.12083
https://doi.org/10.1002/rmb2.12083
https://doi.org/10.1371/journal.pone.0088354
https://doi.org/10.1371/journal.pone.0088354
https://doi.org/10.1038/s41467-017-00901-0
https://doi.org/10.1371/journal.pone.0105998
https://doi.org/10.1089/aid.2015.0006
https://doi.org/10.1111/aji.12264
https://doi.org/10.1111/aji.12264
https://doi.org/10.1016/j.eururo.2015.02.041
https://doi.org/10.3389/fimmu.2018.00208
https://doi.org/10.3389/fimmu.2018.00208
https://doi.org/10.1073/pnas.1801302115
https://doi.org/10.1136/gutjnl-2018-315988
https://doi.org/10.1038/s41586-018-0617-x
https://doi.org/10.1038/nature24460
https://doi.org/10.1038/nrgastro.2017.173
https://doi.org/10.1126/scitranslmed.3008599
https://doi.org/10.1093/humrep/dex372
https://doi.org/10.1093/humrep/dex372
https://doi.org/10.1093/bioinformatics/btq461
https://doi.org/10.1093/bioinformatics/btq461
https://doi.org/10.7717/peerj.2584
https://doi.org/10.1093/bioinformatics/btv401
https://doi.org/10.1038/s41579-018-0029-9
https://doi.org/10.1038/s41579-018-0029-9
https://doi.org/10.2174/157488412799218824
https://doi.org/10.1016/j.tem.2014.10.003
https://doi.org/10.1016/j.jri.2009.11.004
https://doi.org/10.1016/j.jri.2009.11.004
https://doi.org/10.1016/j.ajpath.2015.04.012
http://refhub.elsevier.com/S2667-1646(21)00028-2/sref34
http://refhub.elsevier.com/S2667-1646(21)00028-2/sref34
http://refhub.elsevier.com/S2667-1646(21)00028-2/sref34
http://refhub.elsevier.com/S2667-1646(21)00028-2/sref34
https://doi.org/10.1093/humrep/deu222
https://doi.org/10.1016/j.ejogrb.2016.01.040
https://doi.org/10.1093/nar/gkt1111
https://doi.org/10.1093/nar/gkt1111
https://doi.org/10.1007/s00284-018-1538-5
https://doi.org/10.1007/s00284-018-1538-5
https://doi.org/10.1016/j.nmni.2017.02.007
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1038/s41598-019-39700-6
https://doi.org/10.1186/s13073-016-0368-y

	The study of endometriosis and adenomyosis related microbiota in female lower genital tract in Northern Chinese population
	1. Introduction
	2. Materials and methods
	2.1. Patient selection
	2.2. Sample collection
	2.3. 16S ribosomal-RNA gene sequencing
	2.4. 16s ribosomal RNA sequence analysis
	2.5. Principal coordinates analysis (PCoA)
	2.6. LDA and LEfSe analysis
	2.7. Machine learning
	2.8. Environment factor analysis

	3. Results
	3.1. Demographic
	3.2. Microbiota features in group analysis
	3.2.1. Microbiota diversity of adenomyosis and endometriosis

	3.3. Distinctive species of different disease groups
	3.4. Possible biomarker of microbiota in the lower genital tract
	3.5. Sample site selection and feature importance of microbiota in dysmenorrhea related study
	3.6. Menstrual cycle-related microbiota shift in endometriosis and adenomyosis
	3.7. Environmental factors contributing to the microbiota features

	4. Discussion
	5. Conclusion
	Authors' contributions
	Competing interests
	Acknowledgements
	Appendix A. Supplementary data
	References


