
Reprod Med Biol. 2018;17:297–306.	 ﻿�   |  297wileyonlinelibrary.com/journal/rmb

1  | INTRODUC TION

Recurrent implantation failure (RIF) is a major issue of infertility that 
has not yet been fully investigated. It is determined when there are 
failed implantation cycles after several in vitro fertilization (IVF) 

attempts. Implantation failure is usually considered to have oc-
curred after more than three cycles of IVF, with the transfer of mor-
phologically good embryos,1 and there are several causes of RIF, 
such as pathologic alterations of the endometrial cavity, hydrosal-
pinx, embryonic aneuploidy, thrombophilias,2 and systemic factors 
like thyroid dysfunction. Although embryonic aneuploidy is likely to 
be the major contributor to human implantation failure, especially 
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Abstract
Purpose: The present study aimed to analyze the endometrial and vaginal microbi-
ome among a Japanese infertile population by sequencing and the impact of the en-
dometrial and vaginal environment on implantation.
Methods: In total, 102 infertile (79 in vitro fertilization [IVF] and 23 non-IVF) patients 
and seven healthy volunteers were recruited from August to December, 2017. 
Endometrial fluid and vaginal discharge samples for sequencing were collected by 
using an intrauterine insemination catheter. The bacterial status of the endometrium 
and vagina were analyzed.
Results: The Lactobacillus-dominated microbiota (>90% Lactobacillus spp.) in the en-
dometrium vs vagina was 38% (30/79) vs 44.3% (44/79) in the IVF patients, 73.9% 
(17/23) vs 73.9% (17/23) in the non-IVF patients, and 85.7% (6/7) vs 85.7% (6/7) in 
the healthy volunteers. The percentage of endometrial Lactobacillus in the healthy 
volunteers was highly stable within the same menstrual cycle and even in the follow-
ing cycle. The major taxonomies were Gardnerella, Streptococcus, Atopobium, 
Bifidobacterium, Sneathia, Prevotella, and Staphylococcus. Fifteen patients achieved 
pregnancy by a single vitrified-warmed blastocyst transfer during this study; the me-
dian percentage of Lactobacillus in the pregnant women was 96.45 ± 33.61%.
Conclusion: A considerable percentage of non-Lactobacillus-dominated (NLD) micro-
biota was found in the endometrium of Japanese infertile women. Increasing the 
endometrial level of the Lactobacilli to >90% might favor the implantation outcome of 
NLD infertile patients.
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in cases with advanced maternal age,3 it has been reported that the 
proportion of euploid embryos failing to implant was ~40%,4 which 
may suggest the importance of the endometrium and its environ-
ment as another dominant factor for implantation failure.5

The uterine cavity has been considered to be sterile until recent 
studies using next-generation sequencing of the 16S ribosomal RNA 
(rRNA) gene revealed the existence of an endometrial microbiota that 
is represented by Lactobacillus and other bacteria.6-8 Lactobacillus spe-
cies generally dominate the vagina of healthy asymptomatic women 
and they presumably play key roles in preventing bacterial vagino-
sis and other urogenital diseases by lowering the environmental pH 
through lactic acid production.9 Recently, a study demonstrated that 
the endometrial microbiota that were analyzed by 16S rRNA gene se-
quencing have effects on implantation success.10 The bacterial status 
of the endometrium was defined as Lactobacillus-dominated microbi-
ota (>90% Lactobacillus spp.) or non-Lactobacillus-dominated microbi-
ota (<90% Lactobacillus spp. with >10% of other bacteria), based on 
the composition of the microbiota in the endometrial fluid, comprised 
of 191 operational taxonomic units (OTUs). The endometrial microbi-
ota was not hormonally regulated during the acquisition of endome-
trial receptivity and the presence of the non-Lactobacillus-dominated 
microbiota was associated with a significant decrease in the implanta-
tion, pregnancy, ongoing pregnancy, and live birth rates.10

The ethnic difference in the endometrial microbiota of patients 
who are undergoing assisted reproductive technology (ART) is still 
not fully investigated. This present study aimed to analyze the en-
dometrial microbiome among a Japanese infertile population by 
sequencing and the impact of the endometrial environment on the 
outcomes of infertile patients.

2  | MATERIAL S AND METHODS

2.1 | Patients and samples

In total, 79 IVF and 23 non-IVF patients under 45 years old who 
agreed to undergo endometrial and vaginal microbiome analysis in 
the authors’ center from August, 2017 to December, 2017, were eli-
gible for this study. Also, the endometrial and vaginal microbiomes of 
seven asymptomatic healthy volunteers were analyzed, and for five 
cases, the samples were collected in different cycles and different 
menstrual phases in order to analyze the changes in the endometrial 
and vaginal microbiota in the transition of menstrual cycles. All the 
patients were examined routinely by vaginal ultrasound in a sterile 
condition in order to confirm the menstrual phase of the patient. The 
participants had no complaint suggestive of vaginitis or endometritis.

This study was approved by the Institutional Review Board of 
Kyono ART Clinic Takanawa, Tokyo, Japan, on 29 July, 2017. All the pa-
tients who were involved in this study allowed the use of their medical 
record data for research in an unidentifiable manner. Written, informed 
consent was obtained from all the patients prior to sample collection.

2.2 | Sample collection and DNA extraction

Paired samples from the vagina and endometrium were taken from the 
79 IVF and 23 non-IVF cases. Five out of the seven volunteers were 
examined more than once, resulting in 15 paired samples (Figure 1). 
Vaginal discharge specimens were collected with an OMNIgene 
VAGINAL accessory swab (DNA Genotek, Inc., Ottawa, ON, Canada). 
These were put into a 1 mL MMB collection tube containing stabi-
lizing liquid for the microbiome (DNA Genotek, Inc.). After cleaning 
the mucous around the cervical os and the uterine cervix, endome-
trial fluid (EF) specimens were carefully aspirated with a intrauterine 
insemination (IUI) catheter (Kitazato Corporation, Shizuoka, Japan) 
with the utmost care not to touch the vaginal wall. These also were 
put into a 1 mL MMB collection tube (DNA Genotek, Inc.). The vagi-
nal and endometrial samples were treated with proteinase K and 
lysozyme solution, according to the manufacturer’s instructions. 
The genomic DNA was extracted by using an Agencourt Genfind v. 
2 Blood & Serum DNA Isolation Kit (Beckman Coulter, Inc., Brea, CA, 
USA). The double-stranded (ds)DNA concentration was quantified 
fluorometrically with a Qubit dsDNA HS Assay Kit (Thermo Fisher 
Scientific, Inc., Waltham, MA, USA).

2.3 | Polymerase chain reaction amplification and 
DNA sequencing

The variable region 4 (V4) hypervariable region of the bacterial 16S 
rRNA gene was amplified from the specimen’s DNA by using a modi-
fied primer pair, 515f (5’-TCGTCGGCAGCGTCAGATGTGTATAAGA
GACAGGTGYCAGCMGCCGCGGTAA-3’) and 806rB (5’-GTCTCGT
GGGCTCGGAGATGTGTATAAGAGACAGGGACTACNVGGGTWT
CTAAT-3’), with Illumina Nextera XT adapter overhang sequences 
(underlined).11 The universal bacterial primers to amplify the V1-V2 
region and V3-V5 regions were 28f (5’-TCGTCGGCAGCGTCAGAT
GTGTATAAGAGACAGGAGTTTGATCNTGGCTCAG-3’) to 338r (5’-
GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGTGCTGCCTCCC
GTAGGAGT-3’) and 357f (5’-TCGTCGGCAGCGTCAGATGTGTATAA
GAGACAGCCTACGGGAGGCAGCAG-3’) to 926r (5’-GTCTCGTGG
GCTCGGAGATGTGTATAAGAGACAGCCGTCAATTYMTTTRAGT-3
’), respectively. The polymerase chain reaction (PCR) amplification 
was performed, as previously described.10 The PCR was performed 
with 25 ng/μL DNA, 200 μmol/L each of the four deoxynucleotide 
triphosphates, 400 nmol/L of each primer, 2.5 U of FastStart HiFi 
polymerase, 4% of 20 mg/mL BSA (Sigma-Aldrich, St. Louis, MO, 
USA), 0.5 mol/L betaine (Sigma-Aldrich), and the appropriate buffer, 
with MgCl2 supplied by the manufacturer (Roche, Basel, Switzerland). 
Thermal cycling consisted of initial denaturation at 94°C for two min-
utes, followed by 30 cycles of denaturation at 94°C for 20 seconds, 
annealing at 50°C for 30 seconds, an extension at 72°C for one min-
ute, and a final extension at 72°C for 5 minutes. Amplicon mixture 
was purified by using Agencourt AMPure XP (Beckman Coulter, Inc.). 

F IGURE  1 A, Endometrial microbiomes of the healthy volunteers. The same number represents the same participant. *, same menstrual 
cycle. B, The vaginal microbiomes of the healthy volunteers. The same number represents the same participant. *, same menstrual cycle
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The purified PCR samples were multiplexed by using a dual-index 
approach with the Nextera XT Index kit v. 2 (Illumina, Inc., San Diego, 
CA, USA), according to the Illumina 16S Metagenomic Sequencing 
Library Preparation protocol. Indexing the PCR was performed by 
using KAPA HiFi HotStart ReadyMix (Kapa Biosystems, Wilmington, 
MA, USA) in a 50 μL reaction volume, and subsequently, purification 
was performed with Agencourt AMPure XP beads. The final library 
was paired-end sequenced at 2 bp × 200 bp or 2 bp × 300 bp using a 
MiSeq Reagent Kit v. 3 on the Illumina MiSeq platform, depending on 
the primer set. As the 16S rRNA gene target region had an immense 
impact on the analysis results, the V1-V2, V3-V5, and V4 variable re-
gions that are commonly used in 16S rRNA sequencing from human 
samples were compared.12 In order to evaluate the representation of 
the microbial community, the ZymoBIOMICS Microbial Community 
Standard (Zymo Research, Irvine, CA, USA), containing a mixture 
of Pseudomonas, Escherichia, Salmonella, Lactobacillus, Enterococcus, 
Listeria, Bacillus, and two yeast species was used. All the species, ex-
cept Salmonella, were observed by all the primer sets; however, the 
V1-V2 and V3-V5 amplicon sequencing failed to detect Salmonella 
(data not shown). To evaluate whether some target regions better 
represented the endometrial microbial community structure than 
other regions, three variable regions of 10 endometrial samples were 
sequenced. The detection of Gardnerella and Bifidobacterium was ob-
served in the V3-V5 and V4 amplicon sequencing, but it was absent 
in V1-V2. From these results, a primer set that targeted the V4 region 
was used for the endometrial microbiome analysis.

2.4 | Data analysis

The reads were merged by using EA-Utils fastq-join13 and a me-
dian merged sequence length of 291 bp was obtained. Quality con-
trol of the merged sequence was performed by using USEARCH v. 
10.0.24014 to remove the PhiX (Illumina) reads, truncate the primer-
binding sequences, and discard the sequences with a <100 bp length 
and a sequence quality of <Q20. QIIME 1.9.115 was used with the de-
fault parameters for quality filtering, the chimera check, clustering se-
quences into OTUs, and the assignment of taxonomy. The sequences 
were clustered into OTUs by an open-reference OTU-picking strat-
egy by using the UCLUST method, based on 97% sequence identity. 
The taxonomy was assigned to each OTU by using the Ribosomal 
Database Project classifier16 with a .50 confidence threshold against 
the Greengenes database v. 13_8.17 Low-abundance taxa (.01%) 
were filtered from the OTU tables. All further analyses were per-
formed at a rarefied depth of 5000 sequences per sample to correct 
for differences in the read depth across samples. As human speci-
mens contains low bacterial DNA, background bacterial contamina-
tion critically affected the result.18 If the library concentration of an 
endometrial sample was as much as the blank control, UltraPure™ 
DNase/RNase-Free Distilled Water (ThermoFisher Scientific, Inc.), 
the result of the microbial community was similar to the blank con-
trol. This similarity to the background microbiome makes it difficult 
to determine the presence of unique endometrial taxa; therefore, 
blank-characteristic OTUs were subtracted to reduce the background 

noise, as in previous studies.19,20 The following nine bacterial taxa 
that were found in a blank control and are known as reagent con-
taminations were excluded from the endometrial samples by using 
QIIME: Acinetobacter, Escherichia, Flavobacterium, Janthinobacterium, 
Methylobacterium, Pseudomonas, Rhodococcus, Sphingomonas, and 
Stenotrophomonas.

The profiles, bacterial status, and percentage of Lactobacilli in 
the endometrium and vagina of the patients were analyzed. Clinical 
pregnancy was defined as the confirmation of a gestational sac in 
the uterine cavity by ultrasound analysis.

2.5 | Statistical analysis

The statistical analysis (using the software, StatMate V software 
[Tokyo, Japan]) was performed by using ANOVA and Kruskal-Wallis 
tests for multiple comparison and the Mann-Whitney U-test, chi-
square analysis, or Fisher’s exact test, where appropriate. A P-value 
of <.05 was considered to be statistically significant.

3  | RESULTS

3.1 | Patient profiles

The average age of the 109 cases was 36.17 ± 4.51 years old (25-
44); 59 cases (54.1%) were multigravida and 17 cases (15.6%) were 
multipara; all cases were Asian. Of all the cases, 79 (72.5%) were 
enrolled in IVF treatment, 23 (21.1%) were non-IVF cases, and seven 
cases were asymptomatic healthy volunteers. The past histories 
of failed vitrified-warmed blastocyst transfers and total failed em-
bryo transfers among the IVF group were 3.50 ± 3.15 cycles and 
3.09 ± 3.09 cycles, respectively. There was no difference among the 
three groups in terms of their Body Mass Index, gravidity, and par-
ity, although the non-IVF patients were significantly younger than 
the IVF patients (33.22 ± 3.64 years vs 36.99 ± 4.22 years; P < .01). 
There was no difference in the duration of infertility between the 
non-IVF patients and IVF patients (Table 1).

The EF and the vaginal specimens were collected in the follicu-
lar phase, ovulation phase, or luteal phase of the menstrual cycles 
(Table 1). There was no statistical difference in the timing of sam-
pling among the three groups; however, there was a tendency that 
more samples were collected in the follicular phase than in the ovu-
lation and luteal phases of the non-IVF patients (Table 1, P = .08).

3.2 | Endometrial and vaginal microbial 
results of the asymptomatic healthy volunteers

The bacterial diversity in the endometrial communities was deter-
mined by pyrosequencing of V4 of the bacterial 16S rRNA genes. 
The median percentage of endometrial Lactobacilli and vaginal 
Lactobacilli of the seven healthy volunteers were 99.50 ± 15.85% 
and 99.80 ± 16.82%, respectively. Six out of the seven volunteers 
had a Lactobacillus-dominated (LD) (>90%) endometrial microbial 
status (Table 2).
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Five out of the seven volunteers agreed to undergo re-examination 
of the endometrial and vaginal microbiome in the following menstrual 
cycle and/or in a different phase of the same menstrual cycle in order 
to analyze the stability of the endometrial and vaginal microbiota. The 
percentage of the endometrial and vaginal Lactobacilli of the healthy 
volunteers was highly stable within the same menstrual cycle and was 
stable even in the following cycle (Figure 1A,B).

3.3 | Endometrial and vaginal microbial 
results of the infertile patients

The median percentage of the endometrial Lactobacilli in the IVF patients 
was significantly lower than that of the non-IVF patients and healthy 
volunteers (63.90 ± 41.43% vs 96.20 ± 34.61% vs 99.50 ± 15.85%; 
P = .02); also, the percentage of LD endometrial status was significantly 

lower in the IVF group, compared to the non-IVF group and healthy vol-
unteer group (38.0% vs 73.9% vs 85.7%; P = .001) (Table 2, Figure 2A). 
Also, the median percentage of vaginal Lactobacilli in the IVF patients 
was lower than that of the non-IVF patients and healthy volunteers 
(65.21 ± 43.70% vs 99.40 ± 36.32% vs 99.80 ± 16.82%; P = .12), al-
though the difference was not statistically significant (Table 2, Figure 2B). 
The great majority of patients with a non-Lactobacillus-dominated (NLD) 
(<90%) endometrial microbial status also had a NLD vaginal microbial 
status: 89.8% (44/49) in the IVF group, 100% (6/6) in the non-IVF 
group, and 100% (1/1) in the healthy volunteers. There was no case with 
a NLD vaginal status that showed a LD endometrial status: those who 
had a NLD vaginal status also had a NLD endometrial status.

For the 79 IVF patients, in the subgroup analyses according to age 
and gravida or para status, there was no significant difference in the 
percentage of endometrial and vaginal Lactobacilli between those aged 

TABLE  1 Characteristics of the three groups

Characteristic Healthy volunteers Non-IVF patients IVF patients P-value

No. of patients 7 23 79 —

Age (years): mean ± SD 36.57 ± 6.63ª 33.22 ± 3.64ª 36.99 ± 4.22ª <.01

BMI: mean ± SD 21.00 ± 2.57ª 20.92 ± 2.81ª 20.35 ± 3.00ª .66

Duration of infertility (mo): 
median ± SD

— 18.78 ± 10.77 20.77 ± 30.46 .39

Multigravida patients: N (%) 3 (42.9)b 8 (34.8)b 48 (60.8)b .08

Multiparapatients: N (%) 3 (42.9)c 3 (13.0)c 15 (19.0)c .29

Previous ET: mean ± SD — — 3.50 ± 3.15 —

Previous FBT: mean ± SD — — 3.09 ± 3.09 —

Sampling timing: follicular phase: N 
(%)

2 (28.6)c 18 (78.3)c 38 (48.1)c .08

Ovulation phase: N (%) 2 (28.6) 2 (8.7) 12 (15.2) —

Luteal phase: N (%) 3 (42.9) 3 (13.0) 29 (36.7) —

BMI, body mass index; ET, embryo transfer; FBT, frozen-thawed blastocyst transfer; IVF, in vitro fertilization; SD, standard deviation.
aANOVA.
bMann-Whitney’s U-test.
cChi-square test.

Characteristic Healthy volunteers Non-IVF patients IVF patients

No. of patients 7 23 79

Endometrial lactobacilli 
(%): median ± SD

99.50 ± 15.85a,b 96.20 ± 34.61a,c 63.90 ± 41.43a,b,c

Vaginal lactobacilli (%): 
median ± SD

99.80 ± 16.82d 99.40 ± 36.32d 65.21 ± 43.70d

Patients with LD 
endometrium: N (%)

6 (85.7)e 17 (73.9)e 30 (38.0)e

Patients with LD vagina: 
N (%)

6 (85.7)f 17 (73.9)f 44 (44.3)f

IVF, in vitro fertilization; SD, standard deviation.
aP = .020 (Kruskal-Wallis test).
bP = .030 (Mann-Whitney’s U-test).
cP = .040 (Mann-Whitney’s U-test).
dP = .120 (Kruskal-Wallis test).
eP = .001 (chi-square test).
fP = .110 (chi-square test).

TABLE  2 Percentages of Lactobacillus 
and Lactobacillus-dominated (LD) (>90%) 
in the endometrium and vagina among the 
three groups
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over 38 (n = 40) and those under 37 years old (n = 39) (Table 3). Also, 
there was no statistically significant difference in the percentage of en-
dometrial and vaginal Lactobacilli among the nulligravida versus gravida-
nullipara versus para patients (70.00 ± 40.20% vs 59.10 ± 42.01% vs 
44.40% ± 43.90%; P = .66) and (79.00% ± 41.26% vs 56.20% ± 44.28% 
vs 48.90% ± 47.91%; P = .68), respectively (Figure 3A,B).

During this study period, 18 patients achieved pregnancy: three 
by natural conception and 15 by single vitrified-warmed blastocyst 
transfer. The median percentages of the endometrial and vaginal 
Lactobacilli in those pregnant cases were 96.45% ± 33.61% and 
97.80% ± 37.44%, respectively. There were seven NLD cases (six 
IVF and one non-IVF) who achieved pregnancy (Figure 4); five 
cases are ongoing, one (No. 5) turned out to be an early miscarriage 
at 6 weeks of pregnancy, and one (No. 6) is lost to follow-up. All 
seven cases conceived without any treatment intervention for the 
microbiome.

3.4 | Bacterial communities 
in the endometrium of the non-Lactobacillus-
dominated patients

The major taxonomies in the EF and vaginal specimens were 
Gardnerella, Streptococcus, Atopobium, Bifidobacterium, Sneathia, 
Prevotella, and Staphylococcus (Figure 5). In 28 (19 IVF, seven non-
IVF, two volunteers) of the women who were analyzed, there was a 
discordance in the pattern of the bacterial community that was de-
tected in the endometrium, compared to that in the vagina (Figure 6).

F IGURE  2 Percentages of (A) endometrial and (B) vaginal 
Lactobacilli in the healthy volunteers, non-IVF patients, and IVF 
patients. IVF, in vitro fertilization

Characteristic ≥38 y <38 y P-value

No. of patients 40 39 –

Age (years): mean ± SD 40.60 ± 1.58a 33.28 ± 2.48a 1.65122E-23

Duration of infertility (mo): 
median ± SD

24.56 ± 37.16b 16.67 ± 20.70b .32

Multigravida patients: N (%) 25 (62.5)c 23 (59)c .75

Multiparapatients: N (%) 7 (17.5)d 8 (20.5)d .96

Previous ET: mean ± SD 4.18 ± 3.49a 2.59 ± 2.53a .02

Previous FBT: mean ± SD 3.55 ± 3.46a 2.43 ± 2.52a .11

Endometrial lactobacilli (%): 
median ± SD

63.60 ± 41.21b 63.90 ± 42.18b .76

Vaginal lactobacilli (%): 
median ± SD

61.45 ± 43.29b 65.21 ± 44.68b .78

Patients with LD endome-
trium: N (%)

13 (32.5)c 17 (45.6)c .31

Patients with LD vagina: N 
(%)

17 (42.5)c 18 (46.2)c .74

ET, embryo transfer; FBT, frozen-thawed blastocyst transfer; LD, Lactobacillus-dominated (>90%); 
SD, standard deviation.
at test.
bMann-Whitney’s U-test.
cChi-square test.
dFisher’s exact test.

TABLE  3 Comparison between the 
≥38 years old and the <38 years old in 
vitro fertilization patients
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4  | DISCUSSION

To the best of the authors’ knowledge, this study is the first of the 
endometrial and vaginal microbiota in infertile women and healthy 
female volunteers in Japan. This study found that the percent-
ages of Lactobacilli in the endometrial microbiota of IVF patients, 
non-IVF patients, and healthy volunteers were different. The 

Lactobacillus-dominated microbiota (>90% Lactobacillus spp.) in the 
endometrium, compared to the vagina, was 38% (30/79) vs 44.3% 
(44/79) in the IVF patients, 73.9% (17/23) vs 73.9% (17/23) in the 
non-IVF patients, and 85.7% (6/7) vs 85.7% (6/7) in the healthy vol-
unteers. It was striking to find that 62% of the infertile patients who 
were undergoing IVF treatment had an abnormal endometrial bacte-
rial status.

Studies on the longitudinal dynamics of the vaginal microbiome 
in healthy reproductive-aged women have shown that these com-
munities remained relatively stable over 16 weeks.21 Although the 
number of cases was limited in this study, it was shown for the first 
time that the endometrial microbiome of the healthy women was 
highly stable, intercyclic and intracyclic.

The reason for the percentage of Lactobacilli being lower in 
the endometrium of the IVF patients, compared to that of the 
non-IVF patients and healthy volunteers, could not be identified. 
However, it can be supposed that the reason might be from IVF 
procedures or the backgrounds of the IVF patients: a longer in-
fertility period, seminal factor (male factor), frequent transvaginal 
examinations, past history of IUIs, frequent administration of an-
tibiotics, hormonal fluctuations due to controlled ovarian stimu-
lation, oocyte retrieval, embryo transfer, and the side-effects of 
ovarian stimulation, such as ovarian hyperstimulation syndrome. 
The reason why the healthy volunteers showed a high percentage 
of LD endometrium might have been related to much less exposure 
to gynecological examinations or interventions. As the non-IVF pa-
tients were significantly younger than the IVF patients (Table 1), 
the age factor might have influenced the outcome; however, in the 
subgroup analysis of the IVF patients (Table 3), there was no sig-
nificant difference in the percentage of endometrial and vaginal 
Lactobacilli between those aged over 38 and those under 38 years 
old. Patient recruitment also might influence the outcome. In addi-
tion, a variation in the timing of sample collection (Table 1) might 
have influenced the microbiota, but considering the intercyclic and 
intracyclic stability of the endometrial and vaginal microbiome of 
the healthy volunteers (Figure 1), microbiomes might not differ 

F IGURE  3 Percentages of (A) endometrial and (B) vaginal 
Lactobacilli in nulligravida, gravida-nullipara, and para female IVF 
patients. IVF, in vitro fertilization

F IGURE  4 Seven pregnant cases with 
a non-Lactobacillus-dominated (NLD) 
endometrium. The relative proportion of 
the most abundant operational taxonomic 
units in the endometrium of the seven 
pregnant cases. The number below the 
graph shows each participant: No. 1-6, 
IVF patient; No. 7, non-IVF patient. IVF, in 
vitro fertilization
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largely by sampling timing. One study reported that the endome-
trial microbiota was highly stable during the acquisition of endo-
metrial receptivity in the luteal phase.10

This study was different from the previous study,10 in terms of 
the ethnicity of the participants and the sampling timing. Also, an 
endometrial receptivity array was not performed simultaneously.  

F IGURE  6 Patients with a discordance in the pattern of the endometrial or vaginal microbiome. E, endometrium; V, vagina

F IGURE  5 Relative proportion of the most abundant operational taxonomic units in the endometrium of the NLD IVF patients. The 
number below the graph shows each participant. IVF, in vitro fertilization; NLD, non-Lactobacillus-dominated
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In addition, the follow-up period was too short to describe the re-
productive outcomes of the LD and NLD patients, including the im-
plantation, pregnancy, ongoing pregnancy, and live birth rates.

There are several limitations of the present study: a short fol-
low-up period and limited study number and not analyzing other 
aspects of gynecological histories, such as sexual contact, past oral 
contraceptive usage, miscarriage, and endometriosis. The patholog-
ical confirmation of chronic endometritis was not done routinely in 
this study. Also, the EF specimens might have contained some en-
docervix fluid, which was distinguished in one study,22 but the en-
dometrial microbiota was not suspected to be carried over from the 
vaginal microbiota because there was a difference in the pattern of 
the bacterial community in the endometrium and vagina in 28 paired 
samples of the total number of women who were analyzed (Figure 6).

As reported previously,10 the major taxonomies in the EF and 
vaginal specimens in this study were Gardnerella, Streptococcus, 
Atopobium, Bifidobacterium, Sneathia, Prevotella, and Staphylococcus 
(Figure 5). One study reported that an adverse effect on pregnancy 
outcomes was more evident in patients who presented with high 
percentages of bacteria from the Gardnerella and Streptococcus gen-
era and that the pregnancy outcome of IVF patients could be pre-
dicted by the relative abundance of Lactobacillus in the EF.10 In this 
preliminary study, the median percentage of endometrial Lactobacilli 
in 18 pregnant cases was 96.45% ± 33.61%, suggesting that a LD 
endometrium might favor implantation; meanwhile, there were 
seven NLD cases who conceived without intervention for endome-
trial microbiota. The follow-up period in this study is too short to 
conclude which pathogen acts negatively on pregnancy outcomes. 
Meanwhile, there is a possibility that non-Lactobacilli microbio-
tas are simply residents, not pathogens, of the endometrial cavity. 
Also, the mechanism of how the NLD microbial status affects the 
embryo’s implantation is still not clear. It has been well known that 
a healthy vaginal status, which is associated with the presence of 
Lactobacillus spp.-producing lactic acids and inducing the vaginal pH 
to ≤4.5, is suspected to prohibit the growth of pathogenic bacteria 
in healthy women,10,23 but this might not be the case in the endo-
metrium because there was no correlation between the pH levels 
in the EF and the endometrial microbiota10 and some kind of inflam-
matory response in the endometrium that was caused by the NLD 
microbiota could have affected the success of embryonic implanta-
tion.10 In addition, treatment for an endometrial NLD microbial sta-
tus is still not established and remains an issue for the future. The 
administration of antibiotics only might not be helpful in creating a 
LD endometrium because the Lactobacilli also might be the target of 
some antibiotics; the concurrent administration of probiotic drugs 
containing Lactobacilli spp. would be expected to be one treatment 
option, as several studies using probiotics for treating bacterial vag-
inosis have been conducted.24,25

Given the limitations of this pilot study, it is believed that for 
patients with unexplained RIF, there is a significance in searching 
for their endometrial microbial status, considering the percentage 
of abnormalities in the microbiome of the IVF patients, compared 
to the non-IVF patients or healthy volunteers. Treatment for an 

endometrial NLD microbial status is still not established and re-
mains an issue for the future, but by increasing the endometrial 
lactobacilli to >90% might favor the implantation outcome of the 
infertile patients with a NLD endometrial microbiota. By transfer-
ring euploid embryos in a personal window of implantation2 under 
the LD endometrium, much better pregnancy rates are expected.
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