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Abstract
Introduction: The endometrial microbiota has been linked to several gynecological 
disorders, including infertility. It has been shown that the microbial profile of endo-
metrium could have a role in fertilization and pregnancy outcomes. In this study we 
aim to assess the microbial community of endometrial tissue (ET) and endometrial 
fluid (EF) samples in women receiving in vitro fertilization (IVF) treatment. We also 
search for possible associations between chronic endometritis (CE) and endometrial 
microbiota.
Material and methods: This was a cohort study involving 25 women aged between 
28 and 42 years with both primary and secondary infertility and with at least one IVF 
failure. The ET and EF sample collection was carried out between September 2016 
and November 2018. Each of the participants provided two types of samples—tissue 
and fluid samples (50 samples in total). A 16S rRNA sequencing was performed on 
both of the sample types for microbial profile evaluation. CE was diagnosed based on 
a CD138 immunohistochemistry where CE diagnosis was confirmed in the presence 
of one or more plasma cells. Microbial profiles of women with and without CE were 
compared in both sample types separately.
Results: We report no differences in the microbial composition and alpha diversity 
(pObserved = 0.07, pShannon = 0.65, pInverse Simpson = 0.59) between the EF and ET samples 
of IVF patients. We show that the abundance of the genus Lactobacillus influences the 
variation in microbial beta diversity between and fluid samples (r2 = 0.34; false discov-
ery rate [FDR] <9.9 × 10−5). We report that 32% (8/25) of the participants had differ-
ences in Lactobacillus dominance in the paired samples and these samples also present 
a different microbial diversity (pShannon = 0.06, FDRweighted UniFrac = 0.01). These results 
suggest that the microbial differences between ET and fluid samples are driven by the 
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1  |  INTRODUC TION

For a long time, it was believed that the healthy uterine cavity is ster-
ile. With culture-based quantification and next-generation sequenc-
ing, it became evident that the concept of a sterile womb is mistaken. 
The recent progress in the microbiome field with the development 
of 16S rRNA and metagenome sequencing has made it possible to 
characterize the microbial composition of the endometrium in de-
tail.1,2 The normal vaginal microbiome is populated predominantly by 
the Lactobacillus genus and, compared with the gastrointestinal tract, 
the microbial diversity in the female reproductive tract is relatively 
low.3–5 Similarly to the vaginal microbiome, the endometrial micro-
biome is also normally dominated by the genus Lactobacillus.3,5–7 On 
the other hand, studies of microbiota on the material obtained after 
hysterectomy showed that the dominance of the genus Lactobacillus 
in the endometrium is not widespread and often the dominant genera 
are Acinetobacter, Pseudomonas and Corynebacterium.8,9

The endometrial microbiota has been linked to numerous gy-
necological disorders, such as chronic endometritis (CE),10,11 endo-
metriosis5,12 and infertility.13,14 A study analyzing the impact of the 
endometrial microbial community on pregnancy outcome showed 
that the non-Lactobacillus dominated endometrial microbiota was 
associated with significant decreases in implantation, pregnancy 
and live birth in infertile women undergoing in vitro fertilization 
(IVF) treatment, whereas a Lactobacillus-dominant microbiota was 
advantageous for embryo implantation,14 backing the idea that 
endometrial microbiota has a role in an embryo implantation pro-
cess. Yet, a study comparing women with eubiotic (defined as ≥80% 
Lactobacillus + Bifidobacterium spp.) and dysbiotic (defined as <80% 
Lactobacillus + Bifidobacterium spp. with ≥20% of other bacteria) en-
dometrium concluded that there were no differences in pregnancy 
rates between the two study groups.15

Chronic endometritis is a condition of constantly recurring in-
flammation in the endometrial mucosa caused by bacterial patho-
gens in the uterine tissue. CE incidence varies greatly between 
studies from 2.8% up to 46% in women with infertility problems 
and it has been stated that CE is especially prevalent in cases of 
repeated IVF failure.16,17 Other bacteria associated with CE in-
clude Gardnerella vaginalis, Streptococcus spp., Enterococcus faecalis, 
Enterobacteriaceae and Staphylococcus spp.11

While the endometrial microbiota is an important resource of in-
vestigation when studying fertility, retrieving the endometrial tissue 

(ET) samples is an invasive procedure and to evaluate patients the 
field strives for the least intrusive method possible. In this research 
we aim to characterize the ET and endometrial fluid (EF) microbiome 
of 25 women undergoing IVF treatment in order to study whether 
the microbiome of these sources differ. The outcome of this study 
could provide important insights for future studies on the endome-
trial microbiome and expands our knowledge of the role of uterine 
microbiomes in implantation failure.

2  |  MATERIAL AND METHODS

2.1  |  Study participants and sample collection

Twenty-five women with previous IVF procedure failures attending 
the Center of Human Reproduction Genesis clinic in St. Petersburg, 
Russia, were recruited in this study. The inclusion criteria included 
women having one or more unsuccessful IVF procedures (embryo 
transfer failures ranged from 1 to 10).

The sample collection was done in the middle of the secretory 
phase of the menstrual cycle (self-reported menstrual cycle day 
20.2 ± 2.81). Two types of samples were collected from all patients 
(total 50 samples): ET biopsy and paired EF. After treating the cer-
vix with saline, a double-lumen embryo transfer catheter (Wallace 
Classic, Embryo Transfer Catheter 1816; CooperSurgical) was in-
serted into the uterine cavity. With the help of a syringe, 50 μl of 
fluid was obtained. Immediately after this, an endometrial biopsy 
was performed using a Pipelle curette (Pipelle Mark II; CCD). The 
resulting material from the two samples was stored at −80°C. The 
sample collection was performed between September 2016 and 
November 2018. We also performed analysis on CE, as described 
previously.18  There is no consensus on the diagnostic criteria to 
define what accounts for CE and there are seven or more different 

abundance of genus Lactobacillus. The microbiome of CE and without CE (ie non-CE) 
women in our sample set of IVF patients was similar.
Conclusions: Our findings show that genus Lactobacillus dominance is an important 
factor influencing the microbial composition of ET and fluid samples.

K E Y W O R D S
endometrial microbiome, endometrial microbiota, implantation failure, in vitro fertilization, 
infertility, uterine microbiota

Key message

By comparing the microbial composition of paired endo-
metrial tissue and endometrial fluid samples we report 
that the differences between sample types are highly in-
fluenced by genus Lactobacillus.
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criteria previously reported.19 In our study CE was diagnosed based 
on the presence of one or more plasma cells with positive CD138 
immunohistochemistry, as these cells are typically absent in the en-
dometrium. In our sample set there were 12 women with CE (eight 
women with up to four plasma cells present and four women with 
five or more plasma cells present), 11 with no CE and 2 with unreli-
able data who were excluded from the CE analyses (Table S1).

Primary infertility is defined as not having conceived a child in 
the past and not being able to become pregnant after 1 year or more 
of trying. Secondary infertility is defined as having one or more preg-
nancies in the past but being unable to conceive again after 1 year 
or more of trying.

2.2  |  DNA extraction and sequencing

DNA extraction from ET and EF samples was done using the DNeasy 
PowerSoil PRO kit (Qiagen) provided by Qiagen following the manu-
facturer’s instructions. The amplicon sequencing was conducted in 
the Institute of Genomics Core Facility, University of Tartu. Extracted 
DNA samples were then quantified with Qubit® 2.0 Fluorometer 
(Invitrogen). The genomic DNA was amplified using primers 16S_F 
(5′-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGCCTACGGGN
GGCWGCAG-3′) and 16S_R (5′-GTCTCGTGGGCTCGGAGATGTGT
ATAAGAGACAGGACTACHVGGGTATCTAATCC-3′) for PCR amplifi-
cation of an approximately 460-bp region within the hypervariable 
(V3–V4) region of prokaryotic 16S ribosomal RNA gene. Amplicon 
libraries for Illumina (Illumina) next-generation sequencing were 
generated by two-step PCR. First, the region specific for 16S rRNA 
was amplified with 24 cycles and then the Illumina adapter and index 
sequences were added by 7 cycles of PCR. The quality control of am-
plicon libraries was performed by Agilent 2200 TapeStation analy-
sis (Agilent Technologies) and with the Kapa Library Quantification 
Kit (Kapa Biosystems). Amplicon libraries were pooled in equimolar 
concentrations. Sequencing was carried out on an Illumina MiSeq 
System using MiSeq Reagent Kit v2 in paired end 2 × 250 bp mode.

After sequencing quality control steps and removing sequences 
belonging to the human host, a total of 2 410 402 reads were gen-
erated (on average 44 637 reads per sample). The total number of 
reads for ET samples was 1 029 032 with an average of 38 112 reads 
per sample (range: 1053–107 508), and for EF samples 1 381 332 
with an average of 53 128 per sample (range: 4902–128 709).

2.3  |  Data analysis

Raw sequencing data were imported into an open-source software 
QIIME2 2019.7 using the PairedEndSequencesWithQuality import 
type. The denoising step and merging the forward and reverse sam-
ples was performed with DADA2 software implemented in QIIME2. 
DADA2 uses a quality-aware model of Illumina amplicon errors to 
achieve an abundance distribution of sequence variants with a differ-
ence of one nucleotide. Truncating and trimming the reads was done 

with q2-dada2-denoise-paired script based on quality scores. Forward 
reads were truncated at position 249 and trimmed at position 14; re-
verse reads were truncated at position 250 and trimmed at position 
13. For chimera removal the consensus filter was used; this method 
detects chimeras individually in each sample and removes sequences 
that are found to be chimeric in a fraction of samples. Sequences were 
BLASTed against the NCBI-BLAST database used internally in QIIME2. 
Sequencing corresponding to top hit as Homo sapiens were removed 
(E-value < 1 × 10−50). Amplicon sequence variant (ASV) alignment was 
performed using MAFFT and subsequently phylogeny was constructed 
using FASTTREE2. Taxonomy assignment was done using a pre-trained 
naïve Bayes taxonomy classifier against the SILVA 16S V3–V4 database 
(v132_99) with a similarity threshold of 99%. A negative control sam-
ple (milli-Q water, Millipore Q-POD) was amplified and sequenced fol-
lowing the same protocol. The negative control yielded 38 processed 
reads and 9 ASVs which were removed in silico. Taxa associated with 
so-called kitome contaminants or not colonizing humans were removed 
from the analysis.20–25 In total, a unique number of 24  312 ASVs, 
1594 genera, 828 families, 435 orders, 137 classes and 44 phyla were 
identified. After data filtering, keeping only ASVs with an abundance of 
at least 0.1% in at least 10% of the samples, there were 116 vs 82 ASVs, 
9 vs 10 phyla, 20 vs 16 classes, 32 vs 24 orders, 42 vs 30 families, and 
58 vs 43 genera for ET and EF samples, respectively (Table S2).

2.4  |  Statistical analyses

All statistical analyses were performed in RSTUDIO v1.3.1093 (R 
v4.0.2) using the packages phyloseq (v1.32.0), vegan (v2.5-6), mi-
crobiome (v1.10.0) and ALDEx2 (v1.20.0). A p-value  <  0.05 was 
considered to be the statistically significant and the Benjamini and 
Hochberg False Discovery Rate (FDR) method was used for multi-
ple testing correction. For data visualization, ggplot2 (v3.3.2) and 
cowplot (v1.1.0) were used. All of the analyses were performed on 
data aggregated to genus-level. Alpha and beta diversity were calcu-
lated on unfiltered data. The rest of the analyses were performed on 
filtered data where ASVs were present in at least 10% of the sam-
ples with a relative abundance of >0.1%. We also grouped samples 
into Lactobacillus dominance groups, where samples with a relative 
abundance of Lactobacillus ≥50% in the filtered data were consid-
ered to be Lactobacillus dominant. We chose the ≥50% cut-off since 
it notes that the majority of the genera present in a sample belong 
to Lactobacillus, meaning that this is the most abundant genus in 
the current sample. Alpha (observed, Shannon’s index and inverse 
Simpson’s index) and beta diversity (principal coordinate analysis 
based on the UniFrac distance metrics) indices were calculated using 
the phyloseq v1.32.0 package. A paired t-test was used for compar-
ing alpha diversity estimators. For identifying associations with beta 
diversity, ADONIS-2 function from the vegan package was used 
using 10  000 permutations for p-value calculations. Differential 
abundance analysis on filtered centered log ratio-transformed data 
was carried out using analysis of variance (ANOVA)-Like Differential 
Expression tools (ALDEx2, v1.20.0) Welch’s paired t-test.
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2.5  |  Ethical approval

Ethics approval for this study was obtained from the Local Ethics 
Committee of the Federal State Budgetary Educational Institution 
of Higher Education of the North-Western State Medical University 
named after I.I. Mechnikov Ref. No. 5-4/И/2-1218, on 3 March 
2021. All study participants signed an informed consent on the day 
of sample collection.

3  |  RESULTS

3.1  |  Participant data

This study included 25 women with one or more unsuccessful IVF 
attempts visiting the Center of Human Reproduction Genesis clinic in 
St. Petersburg, Russia. All of the women had infertility issues lasting 
for up to 10 years. The causes of infertility were described as follows: 
44% of patients with tubal factor, 36% with male factor (abnormal 
morphology, low sperm concentration, or poor sperm motility), 12% 
with endocrine factor, and 8% with endometriosis (Table  S1). Ten 
women had primary infertility and 15 had secondary infertility. All 
relevant information of study participants is detailed in Table 1 and 
Table S1.

3.2  |  Microbial community composition of the 
ET and EF samples

To investigate the bacterial composition of ET and EF samples 
we used 16S rRNA sequencing of the V3–V4 amplicon. We first 
characterized the composition and variability of endometrial mi-
crobiota in both sample types at different taxonomic levels. We 
focused on abundant microbes, defined as taxa with at least >0.1% 

relative abundance across all samples and present in at least 10% 
of the samples. There were 9 different phyla in the ET samples and 
10 different phyla in EF samples, 9 of the phyla were represented 
in both sample types. Phylum Fusobacteria was present only in EF 
samples with mean relative abundance of 0.3% (present in eight EF 
samples) (Figure S1). Three most prevalent phyla in both sample 
types were Firmicutes (mean relative abundance of 60% in ET and 
78.8% in EF), Proteobacteria (mean relative abundance of 22.9% in 
ET and 9% in EF) and Actinobacteria (mean relative abundance of 
8.6% in ET and 5.4% in EF) (Figure S1) which is in line with previ-
ous work.1 Consistent with gut microbiome composition, we de-
tected considerable variability in microbiota composition across 
both sample types. For instance, at the phylum level the relative 
abundance of the most abundant phylum Firmicutes ranged be-
tween 0.4% and 99.9% in ET and 4.1% and 99.9% in EF samples 
(Figure S1).

Large variations in abundances were also detected at genus 
level. As expected, the most prevalent genus in both sample types 
was Lactobacillus with relative abundance of 50.2% (range 0%–
99.8%) in ET and 71.8% (range 0%–99.7%) in EF samples. In total we 
detected 160 ASV-s corresponding to the genus Lactobacillus. In 
addition to Lactobacillus there were five other genera (Enterococcus, 
Gardnerella, Streptococcus, Escherichia-Shigella, and Cutibacterium) 
with relative abundances of at least 1% in both sample types 
and belonging to three phyla (Firmicutes, Actinobacteria and 
Proteobacteria) (Figure 1A,B). We grouped all genera with the rel-
ative abundance of <1% into “other” category. As seen in Figure 1, 
the fraction of “other” was 24.7% (46  genera) in ET samples and 
10.7% (34  genera) in EF samples. We also grouped samples by 
their (non)dominance of Lactobacillus, since it has been shown that 
Lactobacillus is the most prevalent genus in endometrial samples.5 
For further analysis, we considered a sample to be Lactobacillus 
(LB) dominant if it had a relative abundance of Lactobacillus ≥50%. 
We report that 13 (52%) ET samples were Lactobacillus dominant 
and 12 (48%) ET samples were non-Lactobacillus dominant. Among 
the EF samples, 20 (80%) samples were Lactobacillus dominant and 
5 (20%) were non-Lactobacillus dominant samples. Thirteen indi-
viduals had both ET and EF samples Lactobacillus dominant. Seven 
(28%) individuals were those in which Lactobacillus dominant was 
detected in both ET and EF samples.

Additionally, we looked at microbiome composition based on in-
fertility type. We focused on four different infertility groups (tubal 
factor, male factor, endocrine and endometriosis). We found that the 
microbiome among infertility groups did not differ, indicating that 
the microbiome is not affected by the fact that individuals have dif-
ferent infertility reasons in our study (Table S3).

3.3  |  Comparison of microbiome between ET and 
EF samples

To detect the bacterial community differences between ET and EF 
samples, we conducted a differential abundance analysis (based 

TA B L E  1  Characteristics of study participants

Characteristics
Mean 
OR

± SD 
or %

Age (years) 36.28 ± 4.51

Length of infertility in years 6.38 ± 3.97

Primary infertility (n) 10 40%

Secondary infertility (n) 15 60%

Chronic endometritis (n) 12 48%

Parity 0.24 ±0.52

Number of IVF procedures 3.4 ±2.2

Confirmed pregnancy within 6 months after 
sampling (n)

9 36%

Cycle day at sampling 20.2 ±2.81

Note: Data are presented as mean ± standard deviation for continuous 
traits and as absolute proportions and prevalence (%).
Abbreviations: IVF, in vitro fertilization; n, number of individuals; SD, 
standard deviation.
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on Welch’s paired t-test). In this analysis we used filtered data of 
ASVs with a relative abundance of >0.1% and present in at least 
10% of the samples and aggregated ASVs at the genus level. In total, 
40 genera were used in this comparison (Table S4). The differences 
in Lactobacillus abundance reached a statistical significance level 
(p = 0.01) with higher abundances in the EF samples. However, none 
of the taxa tested were statistically significantly different after cor-
recting for multiple testing (Table 2). This is likely due to the high 
interindividual variability and small sample size.

3.4  |  Diversity and richness of bacterial taxa in 
ET and EF samples

For calculating the alpha and beta diversity indices, the unfiltered 
data were used. For alpha richness we looked at three different 
metrics: richness (ie the number of taxa observed in the sample), 
Shannon index (the relative abundances of different taxa) and 
Inverse Simpson index (taxa distribution within different sam-
ple types). In the richness analysis the ET samples had a lower 
observed count compared with EF (pObserved  =  0.07); however, 
the difference did not reach statistical significance (Figure  2A). 
Shannon diversity showed no differences between sample types 
(pShannon  =  0.65) (Figure  2B). Similarly, no significant differences 
were observed in the Inverse Simpson index (pInverseSimpson = 0.59) 
(Figure 2C).

In beta diversity analyses, which characterize the community 
changes between the two sample types, we found no differences 
between the ET and EF samples (r2 = 0.02, FDR <0.27) (Figure 2D). 
When adding the relative abundance of Lactobacillus into the 
model, we observed that it had a significant effect on the vari-
ability on weighted UniFrac distances (r2 = 0.34, FDR <9.9 × 10−5). 
Infertility type (primary or secondary infertility) as a covariate 
had no significant effect on the variability (r2 = 1.6, FDR = 0.25). 
Figure  2D illustrates that the samples with similar Lactobacillus 
abundance cluster, whereas sample type demonstrates no clus-
tering. Finally, we attempted to investigate further those individu-
als who had differences in Lactobacillus dominance in pairs of the 

F I G U R E  1  The relative abundance of genera in the (A) endometrial tissue biopsy and (B) endometrial fluid samples. Genera present in at 
least 10% of the samples and with relative abundance of at least 1% are plotted, genera with relative abundance of <1% are concatenated 
together as “Other”

Lactobacillus

Enterococcus

Gardnerella

Streptococcus

Finegoldia
Cutibacterium

Haemophilus

Sphingobium

Corynebacterium 1

Other

Caulobacter
Brevundimonas

Enhydrobacter
Cutibacterium

Escherichia-Shigella

Staphylococcus

Schlegelella

(A) (B)

TA B L E  2  Top ten genera detected in the differential abundance 
analysis between the endometrium tissue and endometrial fluid 
samples

Genus Phyla p-value FDR

Lactobacillus Firmicutes 0.01 0.33

Staphylococcus Firmicutes 0.06 0.45

Diaphorobacter Proteobacteria 0.16 0.54

Caulobacter Proteobacteria 0.22 0.62

Lawsonella Actinobacteria 0.23 0.67

Acidibacter Proteobacteria 0.23 0.64

Enhydrobacter Proteobacteria 0.25 0.7

Chitinophagaceae 
uncultured

Bacteroidetes 0.26 0.65

Cutibacterium Actinobacteria 0.27 0.70

Escherichia-Shigella Proteobacteria 0.32 0.75

Abbreviation: FDR, false discovery rate.
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EF–ET sample. In our dataset, there are eight (32%) individuals 
for whom one sample is Lactobacillus dominant and the other one 
is not (mean relative abundance of Lactobacillus for Lactobacillus 
dominated and non-Lactobacillus dominated groups are 83.7% and 
13.1%, respectively; p = 8.6 × 10−4). In six individuals, the fluid is 
Lactobacillus dominant and biopsy is Lactobacillus non-dominant, 
and in two individuals the biopsy sample is Lactobacillus domi-
nant and fluid Lactobacillus non-dominant. For those individuals 
we saw higher alpha diversity in ET samples than in EF samples 
(pShannon  =  0.06, Figure S2). In addition, we identified statisti-
cally significant differences in beta diversity between sample 
types (r2 = 0.25, FDR = 0.01), where samples with low and higher 
Lactobacillus abundance cluster differently (Figure  2E). None of 
the taxa tested showed statistically significant differences be-
tween different sample types (Table S5).

3.5  |  Endometrial microbiome and CE

Finally, we investigated the endometrial microbiome between 
individuals with confirmed CE diagnosis and no CE based on the 
presence of plasma cells with positive CD138  marker values. 
Twelve women had CE, 11 did not have CE and two women had 
CD138  marker values that were unreliable and were therefore 
removed (Table S1). We were unable to report any differences in 
diversity and taxonomical composition analyses between women 
with and without CE in EF or in ET samples. To investigate fur-
ther whether we could identify differences in pathogens previously 
reported to be associated with CE,11,26 we compared the relative 
abundance of two genera (Enterococcus and Streptococcus) present 
in our samples; however, we detected no differences between the 
CE and non-CE groups (Figure S3, Table S6). The lack of differences 

F I G U R E  2  Visualizations of alpha and beta diversity analysis. Boxplots representing alpha diversity of the endometrial tissue (ET) and 
endometrial fluid (EF) samples: richness (A), Shannon index (B) and inverse Simpson index (C). Weighted UniFrac principal coordinate analysis 
(PCoA) plot (D) representing beta diversity. In (A–C) color indicates the sample type. Weighted UniFrac PCoA plot (E) representing beta 
diversity in individuals with sample pairs where one of the samples was Lactobacillus dominated and the other samples was non-Lactobacillus 
dominated. In (D, E) color indicates the relative abundance of Lactobacillus, shape indicates sample type (triangle for EF and circle for ET) and 
gray lines connect the samples belonging to the same individual

(A)

(D) (E)

(B) (C)
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observed could potentially be explained by a small sample set in 
these analyses.

4  |  DISCUSSION

A number of previous studies have suggested a possible link be-
tween the endometrial microbiome and infertility.7,14,27 Here we 
performed a study comparing the microbiome from paired ET biopsy 
and uterine cavity fluid samples to determine whether the ET and EF 
samples differ from their microbial composition.

In our study, we show that both the ET and EF samples from 
women undergoing IVF treatment are dominated by the genus 
Lactobacillus, as reported previously.6  No notable differences in 
alpha diversity or taxa composition were distinguished between the 
different sample types. However, when we consider the abundance 
of Lactobacillus in the beta diversity analysis, we clearly see that this 
genus had a significant effect on the microbiome diversity between 
the ET and EF samples. The abundance of Lactobacillus was higher 
in EF samples than in tissue samples, which probably reflects the 
vaginal/uterine cavity microbial environment. In our cohort, in 32% 
of the individuals the abundance of Lactobacillus genus between the 
ET and EF samples are different. Among these mismatching sample 
pairs, we detected a difference between sample types in their di-
versity profile, with ET samples having higher diversity compared 
with EF samples. This is consistent with previous work by Liu et al. 
showing higher microbial diversity in ET samples; however, our data 
indicate that differences between ET and EF samples are driven by 
Lactobacillus abundance.6 Recent studies indicate that women with 
a high abundance of Lactobacillus in their vaginal and endometrial 
sample are most likely to have a successful embryo implantation.28,29 
Hence, the role of Lactobacillus in the environment of a healthy uter-
ine microbiome appears to be an important factor and should be 
further investigated.

Of the main genera detected in EF and ET samples, with a rela-
tive abundance of at least 1% and a presence in ≥10% of the sam-
ples, Lactobacillus, Gardnerella, Streptococcus and Finegoldia have 
also been reported in previous studies as being the most preva-
lent genera in endometrial samples.5,6,27,30–33 The rest of the most 
prevalent genera in our samples (Enterococcus, Cutibacterium, 
Escherichia-Shigella, Corynebacterium_1, Sphingobium, 
Brevundimonas, Caulobacter, Haemophilus, and Enhydrobacter) 
have not been previously reported among the top genera seen in 
endometrial samples. Also, in our samples we were unable to de-
tect Atopobium, Prevotella or Snethia among the predominant gen-
era, although these have previously been shown to be common 
genera in endometrial samples.6,14 The discrepancy between our 
findings and the previous studies may arise from technical differ-
ences (eg usage of different sequencing regions, sample collection 
methods) and also from differences in the samples’ characteristics. 
It is known that the vaginal microbiota changes throughout the 
menstrual cycle; greater microbiota stability is associated with the 
estradiol peak at ovulation and progesterone rise in the midluteal 

phase, the same could be true for endometrial microbiota.34 In 
our study the sample collection was done in the middle of the se-
cretory phase, around 20th day of cycle, but the exact day after 
luteinizing hormone (LH) surge was not documented. In a study 
by Moreno et al., the samples were collected on days LH+2 and 
LH+7 in early- and mid-secretory phase, while Liu et al. performed 
sample collection on day LH+7. Therefore, it is possible that dif-
ferences in the results are due to different cycle days of sample 
collection.

The human microbiome is very unique, having many species with 
very low relative abundance. With our sequencing depth (average 
read count of 44 637 per sample) there were 46 genera in ET and 
34 genera in EF samples with a relative abundance of <1% in the 
samples (Figure  1). These results are comparable to the previous 
finding by Chen et al. that reported that in the endometrial samples 
the fraction of taxa with relative abundance of <1% was 11.04%.5 
In this study, we reported these percentages to be 10.7% for EF and 
24.7% for ET samples.

In CE analysis we did not identify any differences in endome-
trial microbiome between CE and non-CE IVF women. However, 
quantitative determination of CE-causing bacterial pathogens was 
not performed for our study participants. Still, interestingly, some of 
the most common and known bacteria for CE, such as Streptococcus 
spp. (genus Streptococcus), Gardnerella vaginalis (genus Gardnerella), 
as well as Enterococcus faecalis (genus Enterococcus), belong to gen-
era that were among the most abundant ones in our study (Figure 1) 
of IVF patients who are known to be more prone to developing 
CE.35 However, as no major differences in the microbiome of CE and 
non-CE samples were found in microbiota analysis in our study, it is 
still possible that the microbial composition is at least to some extent 
reasonable for the development of CE as shown in previous stud-
ies.11,26,36 The role of microbes in CE is also supported by the fact 
that antibiotic treatment ameliorates the reproductive outcomes of 
CE women.26,37–39

As previously noted, one of the reasons why similar microbes 
and/or their abundances cannot be found when compared with 
previous studies is the usage of V3–V4 regions of 16S rRNA, which 
are commonly used in gut microbiome studies. Using V3–V4 regions 
might not give a good resolution of Lactobacillus species, a grounding 
species of the cervicovaginal microbiome, whereas V1–V2 is known 
to differentiate between Lactobacillus well.40 Therefore, preferring 
one 16S rRNA region to another may lead to a bias when studying 
endometrial samples. In 2018, Kyono et al. evaluated whether some 
target regions can represent the endometrial microbiome better 
from other regions for which they sequenced 10 EF samples with 
three different regions (V4, V1–V2 and V3–V5).27  They were able 
to show that regions V4 and V3–V5 were able to detect Gardnerella 
and Bifidobacterium, known genera in the cervicovaginal tract, but 
V1–V2 could not. Based on these results they decided to carry out 
their work on infertile women in the Japanese population using the 
V4 region.27 We used V3–V4 regions as well, based on the fact that 
previous studies had used these regions successfully when working 
with endometrial samples.6,14,27,30 The microbiome field is a rapidly 
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changing field with many new study methods and pipelines being in-
troduced yearly; this profits the analysis greatly but also complicates 
the benchmarking process. Future work in studying the endometrial 
microbiome could benefit from deep sequencing metagenome stud-
ies, which are likely to eliminate the bias from the 16S rRNA region 
selection for sequencing as well as benefit from detecting the micro-
bial residents of the endometrium on a strain level.

Limitations of our study include lack of non-IVF control samples, 
which would provide an understanding of the differences in endo-
metrial microbiome between the IVF patients and fertile women 
and might help to link specific taxa to fertility problems. Also, con-
trol samples from the vagina might potentially show a distinct cer-
vicovaginal microbial profile of these women, which in turn could 
give an insight into the possible contamination via the transcervical 
approach. Another noticeable limitation of the study is the small 
sample size, which may make it difficult to determine whether the 
outcome is a true finding. However, other studies on similar topics 
also have small sample sizes.6,33 In future, studies with a larger sam-
ple set would undoubtedly be beneficial to the field.

Strengths of our study include matching samples of ET and EF 
taken from the same woman, and the usage of sampling methods 
that minimize the risk of contamination from the cervicovaginal 
tract.

5  |  CONCLUSION

It is suggested that the endometrial microbiome may play an im-
portant role in female infertility and modulate the success of IVF 
procedure. Here we report that the microbial composition of ET 
and EF samples of 25 women undergoing IVF treatment is signifi-
cantly influenced by the abundance of Lactobacillus. To maximize the 
probability of finding useful microbial markers we acknowledge the 
possible need to continue examining the endometrial microbiome 
by including both ET and EF samples. As stated before, future stud-
ies might greatly benefit from metagenomics research which would 
eliminate the 16S region bias and make it possible to investigate the 
endometrial microbiome on a strain level. It would also be interest-
ing to investigate the changes of endometrial microbiome through-
out the menstrual cycle as well as to perform longitudinal studies to 
investigate the stability of the endometrial microbiome in humans.
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