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Abstract
Objective Comparative study of CD138 immunostain and microbiome of the female reproductive tract (vaginal and endometrial) in the diagnosis of chronic endometritis. 
Design A pilot study from May 2017 to May 2019.
Setting Instituto Bernabeu fertility clinic.
Population or Sample Cohort study with sixty patients undergoing assisted reproductive treatment. 

Methods The vaginal and endometrial microbiome was analyzed by mass sequencing of the V3V4 region of 16S rRNA. Bioinformatics analysis was performed using QIIME2 and MicrobiomeAnalyst packages. 

Main Outcome Measures Alpha, beta diversity and taxonomic characterization were compared with positive and negative CD138 groups for chronic endometritis. 
Results Different bacterial communities were detected when vaginal and endometrial samples were analyzed in patients with and without endometritis diagnosed with CD138 immunohistochemistry. In patients with endometritis, a higher alpha diversity index tendency was found in vaginal samples (p=0.15) and significant differences in endometrial samples (p=0.01). In the beta diversity analysis, no significant differences were observed between the groups established as per the diagnosis of endometritis. Vaginal and endometrial samples from women with endometritis showed a microbiome pattern not dominated by Lactobacillus spp. Relative abundance analysis identified genera Ralstonia and Gardnerella in endometrial sample, and genera Streptoccoccus and Ureaplasma in vaginal sample of CE patients diagnosed with CD138. 
Conclusion Our results demonstrate the existence of a characteristic vaginal and endometrial microbiota in endometritis patients. Different genera and species have been identified in patients with and without endometritis depending on whether the sample is endometrial or vaginal. There is a relationship between vaginal microbiome alteration and chronic endometritis.
Funding None.
Keywords CD138, Microbiome, Chronic Endometritis.
INTRODUCTION

Chronic endometritis (CE) is a disease characterized by persistent inflammation of the endometrial lining. Clinically, CE could be asymptomatic or present subtle symptoms, so it is likely to be underdiagnosed in the general population. The prevalence of CE in infertile patients, especially among those suffering from implantation failure, ranges from 14% to 58%.1 Recent studies have shown that CE can have a negative effect on implantation, yet clinical evidence remains scarce on the causality between endometritis and reproductive failure.2
Diagnosis of CE is based on hysteroscopy of the uterine cavity and endometrial biopsy with histological analysis of endometrial stromal plasma cells. There is a great deal of controversy regarding the diagnosis of the CE since each technique has a different sensitivity and specificity. The same concordance between the techniques in the diagnosis of endometritis3,4,5,6 is not observed in comparative studies.

Nowadays, histopathological evaluation by immunohistochemistry for the plasmacyte marker CD138 (also known as sindecan-1, a proteoglycan of transmembrane-type heparan sulfate) is currently the most reliable and sensitive diagnostic method for CE.7 The endometrial positive CD138 appears to be a negative prognosis indicator for patients who have experienced repeated implantation failure.3
Microbiome analysis based on subunit 16S rRNA sequencing is a fast and economical tool that can enable the identification of pathogenic microorganisms associated with CE. These new approaches provide information on the relationship between endometritis and the microorganisms responsible for unfavorable conditions in the uterine cavity.8
The main bacteria at the vaginal and endometrial level belong to the genus Lactobacillus, producers of lactic acid that allows maintaining the acidic pH of the vagina and acts as a barrier against pathogens. Microorganisms frequently detected in endometrium with CE are common bacteria, Mycoplasma, Ureaplasma, Gardnerella...7,9 Microbial analysis based on the mass sequencing of the 16S rRNA subunit has identified cultivable and non-cultivable pathogenic microorganisms associated with CE.

An abnormal endometrial microbiota has been associated with implantation failure and pregnancy loss.10 The endometrial microbiome is important to evaluate it as a future tool for improving reproductive outcomes in infertile patients with CE.11 The study of the vaginal microbiota in patients with CE is also important due to its capacity to colonizate the endometrium.

The objective of this study is to advance the research of CE. Classic diagnostic method of CE and CD138 immunohistochemistry are compared with the vaginal and endometrial microbiome by sequencing the bacterial 16S rRNA gene for the diagnosis of CE.

METHODS

Design and study population

This is a pilot study (60 patients and 120 samples). The study population consists of patients who came to the Instituto Bernabeu fertility clinic (Alicante, Spain) for the transfer of frozen euploid embryos (FET) from May 2017 to May 2019, analyzed by Preimplantation Genetic Testing of aneuploidy (PGT-A) at the blastocyst stage (Veriseq, Illumina). The inclusion criteria to be meet by patients were: age between 18 and 50 years, own or donated oocytes and use of ICSI to generate embryos. In addition, patients did not perform any antibiotic treatment in the 3 months prior to fertility treatment. The exclusion criteria were uterine malformation, untreated hydrosalpinx or known implantation failure factors. 
Collecting vaginal and endometrial samples
Vaginal and endometrial samples were taken in the secretory phase of the cycle prior to in vitro fertilization treatment.
Sample type: 
- Vaginal samples: 

We use a dry swab to collect vaginal samples from the bottom of the back sac by direct visualization with vaginal speculum and in the lithotomy position. The vaginal samples were collected twice (main and back-up sample). All samples were stored at -80 oC until processing.

- Endometrial samples: 

The endometrial samples were collected using the Tao™ EStibio endometrial sampler (https://www.cookmedical.com/products/wh_es_webds/) in the secretory phase (day 18-22 of the cycle) in the cycle prior to the transfer of frozen embryo(s). This device closes the sheath before removing the probe from the uterus in order to minimize the risk of contamination during endometrial sample collection. All samples were stored at -80 oC until processing.
Analysis of vaginal and endometrial samples

- Conventional anatomical analysis. After the tissue was collected, all specimens were fixed for 24 hours in neutral buffered formalin and routinely processed and embedded into paraffin wax for histological assessment. The tissue was cut into 4 μm slices and stained with hematoxylin-eosin (HE). The criterion of pathological diagnosis for CE was the number of plasma cells in the endometrial stroma counted by an experienced pathologist.

- Evaluation of CD138 immunohistochemistry. For immunohistochemical identification of plasma cells, antibody for CD138 (CD138/syndecan-1 (B-A38)) was applied in all cases, using ultraView Universal DAB Detection Kit on a BenchMark GX Instrument (Ventana). Staining quantification was done by two observers under multihead microscope Olimpus BX50. Results were expressed as the number of positive cells per 5 HPF (high power filds).  Cases with ≥2 stained cells were considered positive for CE.
- Metagenomics. The 16S rRNA marker gene was studied from both vaginal and endometrial samples. Sample analysis of the study was carried out in the molecular genetics laboratory, IB Biotech of Instituto Bernabeu.
- Microbial DNA extraction: DNA extraction was performed using the PureLink® microbiome DNA purification kit (ThermoFisher, PureLinkTMMicrobiome DNA Purification Kit). DNA was quantified using the Qubit 2.0® (ThermoFisher) kit. The extracted DNA was stored at -20 oC for further analysis.
- Amplification of the V3V4 region of the 16S rRNA gene: PCR amplification of the V3V4 variable region of the 16S rRNA gene was performed with Taq DNA polymerase (2x KAPA HiFi HotStart®, Roche) in the presence of dNTP, oligonucleotides 357F and 806R at a final concentration of 1 M and an average of 100 ng of DNA, with a final volume of 25 L, following the recommendations of Illumina (16S Metagenomic Sequencing Library Preparation). The PCR was carried out in the thermocycler (Verity, Applied Biosystems) under the following program: 95 oC for 3 min, followed by 25 cycles at 95 oC for 30 s, 55 oC for 30 s and 72 oC, with a final stage of 72 oC for 5 min. PCR products were displayed in 1% agarous gel, verifying that the amplified DNA band corresponds to the correct size (449 bp). All amplification products were stored at -20 oC for sequencing.
- Sequencing the V3V4 region gene from 16S rRNA: the V3V4 amplicon was purified and we generated the library with the identifying indexes of each sample using the Nextera XT® (Illumina) sequencing kit. After purification of the library, the samples were quantified using Qubit 2.0® (ThermoFisher). The samples were diluted to 4 nM, mixed and prepared for sequencing. The final concentration of the library was 15 pM. The library was sequenced using Miseq Reagent kit v3 (Illumina) reagents. We used Miseq ® (Illumina) as sequencer and metagenomics as a workflow.
Bioinformatics analysis of the sequences 
The primary analysis of the sequences obtained from sequencing consisted of their demultiplexing using the MiSeqReporter® (Illumina) software. The unindexed paired endpoint sequences of each sample were exported from Miseq to continue their analysis in FASTA format.  

Bioinformatics analysis of the sequences was carried out using the QIIME2 package.12,13 We use Deblur, trim-length 450. For taxonomic characterization we will use SILVA. To normalize the Rarefy data to the minimum library size and TMM. In addition, for further data analysis we work with the software MicrobiomeAnalyst14 and Bioconductor Phyloseq.15 The sequences were grouped into Operational Taxonomic Units (OTUs) with a similarity percentage of 97%. To study microbial diversity, a rare infringement analysis was performed at 1000 sequences per sample for different alpha diversity indexes (Shannon, and Simpson indexes). Alpha diversity measures the richness of species in a given community. In our study we analyze the number of different species present and identified in the endometrial and vaginal samples. 
Beta diversity can be measured qualitatively or quantitatively, in the first case taking into account the abundance of microorganisms observed, while in the second it is done taking into account its presence or absence. The beta diversity analysis was performed by calculating the UniFrac index, which uses phylogenetic information to compare different samples. The results were displayed with QIIME2 using the graphs generated by the main coordinate analysis (PCoA) obtained with EMPEROR.
The taxonomic mapping used a classification based on a filtering of the 99_otus sequence, from the SILVA database to the V3V4 region. The sequences obtained were filtered and assigned to at least one genus. Finally, a specific analysis was performed for each taxon or group according to the results obtained. Grouping and sorting methods were used to look for patterns associated with endometritis.
Statistical analysis
Microbiome patterns were analyzed by estimating the prevalence and variability of bacteria types at both the vaginal and endometrial levels.

Microbiome patterns were compared between groups with and without endometritis, between vaginal and endometrial samples using double-input tables for qualitative variables, applying the Chi-Square test and comparing quantitative values, applying Student t test.

RESULTS
Description of the variables studied

The study population consisted of 60 initially recruited patients, out of which 54 were eventually included. We obtained 120 samples in total and 108 samples were analyzed. 194 OTU and 210594 sequences were identified in all samples analyzed (3899 average reading per sample). Figure 1 details the number of patients in the study and the samples initially included, as well as the samples lost in each endometritis analysis. The sociodemographic characteristics and prior clinical outcomes of the patients included in the study are detailed in Table 1. The average age of patients was 39.2 years and an average weight of 67.25 kg. 13.8% of the study population had smoking habits. 50% of patients had previous gestations, 58% had previous miscarriages (2.5% average miscarriages), and 74% had carried out ART (Assisted Reproductive Treatment) before participating in this study.
VAGINAL AND ENDOMETRIAL MICROBIAL PATTERNS IN THE DIAGNOSIS OF CHRONIC ENDOMETRITIS.

We have studied possible differences in the endometrial and vaginal microbiome pattern in samples in which a conventional anatomopathological analysis with hematoxylin-eosin (HE) has been performed to determine endometritis. In alpha diversity, we have not found differences in alpha Shannon (p=0.98) and Simpson indexes (p=0.99) (Fig. 2a) among endometrial samples, which have been previously classified into three categories, according to conventional HE: positive, negative and probable. The relative frequency of the most abundant genera according to histological diagnosis is shown in the graphs of bar in endometrial sample (Fig. 2b). Moreover, no significant differences were reported for vaginal microbiome pattern and CE according to histological diagnosis (data not shown). 
We have studied possible differences in the endometrial and vaginal microbiome pattern in samples tested with positive or negative CD138 immunohistochemistry. In the analysis of the endometrial microbiome for alpha diversity we found significant differences between the Shannon (p=0.011) and Simpson indexes (p=0.018) groups (Fig 3a). With respect to the pattern of the vaginal microbiome, it showed differences in alpha diversity in the Shannon indexes (p=0.15) and Simpson indexes (p=0.22) without achieving statistical significance (Fig. 3c). In terms of beta diversity, we were unable to observe a clear pattern of separation between groups with positive or negative CD138 immunohistochemistry as shown in the graphs generated by the main coordinate analysis (PCoA) for endometrial (Fig. 3b) and vaginal samples (Fig. 3d). The percentage of variance, explained by each component for endometrial samples were 37.35%, 16.51% and 11.70%; using the first and second components we would explain more than 54% of the variability among our endometrial samples according to CD138 diagnosis. For vaginal samples, the percentage of variance were 33.39%, 16.51% and 12.60% for each component; about 50% of the variability between our vaginal samples according to CD138 diagnosis was explained by the first and second component. 
With regard to taxonomic characterization (relative abundance), Fig. 4a shows taxonomic diversity in all the endometrial samples included in our study, highlighting as the most common genus Lactobacillus (85.5%), Gardnerella  (3%), Dialister (2.5%), Burkholderia (2.5%), Ralstonia (2%), Streptococcus (1.5%), Anaerobacillus (1.5%) and Delftia (1%) were also observed. In vaginal samples (Fig. 4b) Lactobacillus (95%) stands out also as the most frequent genus, followed by Streptococcus (2.7%), Escherichia (1%), Prevotella (0.5%) and Staphylococcus (0.13%). 

Microbiome profiles show different genera and species in the endometrial (Fig. 5a) and vaginal (Fig. 5b) sample with respect to the CD138 diagnosis. In the study of the relative frequency of the most abundant genera we observed significant differences in vaginal and endometrial samples between those samples that had positive and negative CD138 immunohistochemistry (Table 2). The univariant of the relative abundance of different genera was statistically significant for Lactobacillus (p=0.02), Ralstonia (p=0.04), Gardnerella (p=0.05) and a trend for Anaerobacillus (p=0.08), Streptococcus (p=0.08) and Burkholderia (p=0.13) for endometrial samples of endometritis patients (Fig. 5a). In the univariant analysis according to the genera we can observe statistically significant differences with a p-value of 0.03 for Streptococcus and a p-value of 0.09 for Ureaplasma in the vaginal samples of patients with endometritis.
The correlation graph (Fig. 6) indicates that Gardnerella is positively correlated with the genera Anaerobacillus, Bacillus, Ralstonia in endometrial samples. On the other hand, it correlates negatively with the genera Dialister, Delftia, Burkholderia, Streptococcus and Lactobacillus. Thus, eight genera are correlated with Gardnerella. Samples from women who did not have endometritis showed a higher proportion of Lactobacillus spp. while women who had endometritis showed a higher proportion of Gardnerella spp.
Finally, we have made a comparison between the endometrium and vagina microbiome pattern in samples CD138 positive (Fig.7). In alpha diversity we have found nearly significant differences between the endometrium and vagina samples for alpha Shannon (p=0.06) and Simpson indexes (p=0.08) (Fig. 7a). With regard to beta diversity (Fig 7b), we observed a clear pattern of separation between endometrial and vagina samples as seen in the graph generated by the main coordinate analysis (PCoA) (p<0.001). Fig 7c shows the profile of the microbiome with different genera present in the endometrial and vaginal samples. Univariant analysis of the relative abundance of different genera was statistically significant for Lactobacillus (p=3.76E-4), Ralstonia, Delftia and Anaerobacillus (p=0.004).
DISCUSSION
Main findings 

The results of our study show that the vaginal and endometrial microbiome, analyzed by the V3V4 region of 16S rRNA, is associated with the diagnosis of endometritis, since the profiles observed are different in samples of patients with and without endometritis using the CD138 marker for diagnosis. Profiles not dominated by Lactobacillus are associated with endometritis, and there is a relationship between the diversity of the vaginal and endometrial microbiome and endometritis. 
Strengths and Limitations

Strengths
To our knowledge, this study is the first to compare immunohistochemistry CD138 with the vaginal and endometrial microbiome by sequencing the bacterial gene 16S rRNA for the diagnosis of chronic endometritis.
Limitations
The main limitation of this study is the small sample size. A higher number of samples could confirm the different pattern observed at both the vaginal and endometrial levels when the diagnosis of endometritis is made using the CD138 marker. The microbiome pattern has not been analyzed after the treatment of endometritis.
Interpretation
There are many studies that highlight the diagnostic value of CD138 for chronic endometritis, risk factors for the pathogenesis of chronic endometritis and the effect of chronic endometritis on pregnancy. All of them conclude that immunohistochemistry CD138 can improve the CE diagnostic rate.5
Previous studies using next-generation sequencing (NGS) for the study of the vaginal or endometrial microbiome are heterogeneous in terms of the average number of OTU filtered per sample, ranging from 40 to 250. The results could influence factors such as the DNA extraction kit used, the selected hypervariable regions of the sequenced 16S rRNA gene, the pair of primers used, and the kit to generate the mass sequencing libraries. Despite this, they all conclude that the vaginal microbiome has low levels of diversity.
Our alpha diversity analysis showed low values but associated with the diagnosis of CD138 positive endometritis. Women with endometritis showed significantly more alpha diversity than those who did not have endometritis. In other studies that analyzed the vaginal microbiome per gestational week, the authors reported lower rates of diversity in patients with ongoing pregnancies.16 Therefore, the fact that patients with endometritis have greater alpha diversity would support the embryo's greater difficulty in implanting and achieving an ongoing pregnancy.17
With regard to beta diversity, some authors have observed differences in beta diversity between pregnant and non-pregnant women. A normal pregnancy is characterized by a microbiome that has low diversity and high stability.18 This work also observed differences, but these were not statistically significant, perhaps due to the small sample size.

Taxonomic characterization showed unequivocal dominance of the genus Lactobacillus in the vaginal and endometrial microbiome. The surprising aspect is that in both endometrial and vaginal samples there are different genera. 
Comparing the relative abundance of genera provided more data on the relationship between vaginal and endometrial microbiomes and endometritis. On one hand, those dominated by Lactobacillus showing less diversity were characterized by being negative for endometritis. The other profile is not dominated by Lactobacillus and contains other genera Ralstonia and Gardnerella in endometrial samples; Streptococcus and Ureaplasma in vaginal samples that were positive for endometritis. Moreover, we have observed a negative correlation between Lactobacillus and other genera Gardnerella, Anaerobacillus, Bacillus, Ralstonia in endometrial samples, which are known to be associated with bacterial vaginosis and preterm birth.
According to other studies where bacteria have been detected in the endometrial cavity of endometritis patients,19 our data suggest that Ralstonia and Gardnerella are more abundant in endometrial samples with endometritis; and Streptococcus and Ureaplasma in vaginal samples with endometritis, and this negatively correlates with the abundance of Lactobacillus. A more quantitative method with a stricter threshold in the diagnosis of endometritis (Liu et al. 2019) allowed to identify bacteria that were differentially abundant in the endometrial microbiota of women with and without endometritis. In the endometrial microbiota they found more abundant genera in women with endometritis than in women without endometritis.19 The microbiota in women with bacterial vaginosis is significantly altered compared with the normal healthy state of domination by Lactobacillus sp. In both bacterial vaginosis and endometritis, lactobacilles are substituted by a variety of anaerobic species, including Gardnerella and Prevotella spp.20
The availability of  NGS is more accurate than quantitative PCR as it allows to amplify all bacterial species, showing the enormous diversity of the vaginal or endometrial microbiome in patients with endometritis. The development of a molecular diagnostic tool for chronic endometritis (Moreno et al. 2018) based on the real-time polymerase chain reaction equivalent to using the 3 classic methods together. The molecular microbiology method or metagenomics are diagnostic tools that allow the identification of cultivable and non-cultivable endometrial pathogens associated with chronic endometritis.21 
In Franasiak et al. study, microbial analysis is also performed based on the NGS of the 16S rRNA subunit and/or the targeted real-time polymerase chain reaction to identify cultivable and non-cultivable pathogenic microorganisms associated with CE to investigate the relationship between endometritis and unknown infectious conditions in the uterine cavity.22 New approaches have the potential to shed light on the relationship between endometritis and infectious conditions in the uterine cavity.23
The results of Bernabeu et al. (2019) show that the vaginal microbiome has an influence on the results of assisted reproductive treatments. The microbiome profile that seemed to favor pregnancy achievement was dominated by Lactobacillus, while the notable presence of Gardnerella spp. was associated with the opposite result. The abundance of these genera shows a negative correlation.16
Thanks to NGS, the endometrial microbiome is being characterized in a more detailed manner, however there is no consensus as to whether an altered microbiome is a cause or an effect of the upper gynecological tract diseases. More studies and larger patient groups are needed to explain the interactions between the host microbiome and women's health.24
The study of the endometrial sample is essential, but the study of the vaginal sample is also necessary since there are studies showing that the microbiota is different within the reproductive tract and could be useful for the detection of common diseases in the upper reproductive tract.25
Some studies suggest that the uterine microbiota is likely a reflection of tourist or bacterial invaders rather than a resident population that contributes to health and homeostasis. Specific species or an altered microbiome pattern could provide a predictor of the disease and this dysbiosis could lead to negative outcomes of reproductive function.26
Our study brings with it a novel approach to CE diagnosis and confirms alterations in the microbiome, including an alteration in the lactobaccilles domain of the female reproductive tract. It is now critical to expand the study using these diagnostic criteria as well as clinical outcome reports. Future studies are necessary to confirm the reproducibility and prognostic value of bacteria associated with endometritis. 
CONCLUSIONS
The results of this study demonstrate a characteristic endometrial and vaginal microbiome characteristic in endometritis patients. The microbiome profile of endometritis is not dominated by Lactobacillus, and others microorganisms such as Streptoccoccus and Ureaplasma are observed in vaginal sample or Ralstonia and Gardnerella in endometrial sample. The abundance of these genera shows a positive correlation with endometritis. Further studies should be conducted to confirm our findings, as well as the role of antibiotic and/or probiotic treatment in the normalization of the microbiome pattern and its consequences on clinical outcomes.
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	Total

	N
	60

	Age (years)
	39.2

	Weight (kg)
	67.25

	Height (m)
	1.57

	Tabacco user (%)
	13.8

	Previous pregnancies (%)
	50

	Previous miscarriages (%)
	58

	Nº of  previous miscarriages
	2.5

	Previous treatments (%)
	74



	
	GENUS
	CD138-NEGATIVE (%)
	CD138-POSITIVE (%)
	p-VALUE

	ENDOMETRIUM
	Anaerobacillus
	0.00
	2.03
	0.08

	
	Burkholderia
	0.00
	3.38
	0.13

	
	Delftia
	0.00
	1.35
	0.16

	
	Dialister
	3.85
	2.03
	0.68

	
	Lactobacillus
	96.15
	81.76
	0.02

	
	Ralstonia
	0.00
	2.70
	0.04

	
	Gardnerella
	0.00
	4.05
	0.05

	
	Streptococcus
	0.00
	2.03
	0.08

	VAGINA
	Aerococcus
	0.38
	0.09
	0.41

	
	Dialister
	2.18
	0.68
	0.70

	
	Escherichia
	0.00
	0.17
	0.59

	
	Gardnerella
	0.13
	0.04
	0.43

	
	Klebsiella
	0.00
	0.04
	0.59

	
	Lactobacillus
	92.05
	87.44
	0.26

	
	Prevotella
	5.13
	0.98
	0.87

	
	Staphylococcus
	0.00
	0.04
	0.59

	
	Streptococcus
	0.00
	9.44
	0.03

	
	Ureaplasma
	0.13
	0.00
	0.09

	
	Veillonella
	0.00
	0.68
	0.43


Table 1: Socio-demographic characteristics and clinical outcomes of the patients included in the study.

Table 2: Differences in the genus present in microbiome profiles in endometrium and vagina samples that were negative or positive CD138.
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Figura 1: Descriptivo de las pacientes y muestras totales incluidas en el estudio. 


















































































































































