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Abstract

Background: Next-generation sequencing isolates culturable and unculturable bacteria from the female
reproductive tract. Current literatures surrounding the impact of endometrial microbiome on fertility are reviewed.

Main body: An abnormal endometrial microbiota has been associated with implantation failure pregnancy loss and
other gynecological and obstetrical conditions. Identification of endometrial dysbiosis as a new cause of infertility
opens a new microbiological field in the evaluation of endometrial factor, highlighting the relevance of assessing
the uterine microbiota in infertile patients to restore a favorable endometrial flora in those patients with altered
uterine microbiota to improve and personalize the clinical care of infertile patients. Understanding the significance
of microbiome in the endometrium may completely change the therapeutic approach in the treatment of this part
of the reproductive tract.

Conclusion: Investigation of the endometrial microbiota may be a future tool for improving reproductive
outcomes in infertile patients. Further well-designed studies are required to establish its role in the evaluation and
treatment of infertile patients

Backgound
The reproductive tract microbiome
Definitions
Microbiota: The microbial taxa that are associated with
an environment and are revealed using molecular tech-
niques such as 16S rRNA sequencing [1].
Microbiome: Refers to the habitat as a whole, thus

incorporating the biotic and abiotic factors, encompass-
ing host and microorganism genomes and environmen-
tal conditions.
Dysbiosis: Qualitative and quantitative changes, their

metabolic activity, and their local distribution.
Prebiotic: A non-digestible food ingredient that bene-

fits the host by selectively stimulating the growth and/or
activity of one or a limited number of bacteria in the
colon, and thus improves host health.
Probiotic: Live microorganisms that when adminis-

tered in adequate amounts confer a health benefit on
the host.

Methods of detection
Culture-based technologies
Many microorganisms are not readily detected. As many
as 50% of pathogens classified as “dominant” and 85% of
“major” pathogens in wound infections are not identified
by standard culture techniques [2]. While still founda-
tional and often informative, it must be interpreted cau-
tiously. Classical microbial culture provides a limited
and biased view of the uterine environment, as not every
bacterium is able to grow in standard laboratory
conditions.

New investigative techniques
It includes DNA fingerprinting, microarrays, and tar-
geted or whole genome sequencing. It depends on 16S
rRNA gene that is unique to bacteria and contains a
number of hypervariable regions that serve as unique
identifiers for a genus or species of bacterium. 16S
rDNA gene sequencing is a reference method for bacter-
ial identification and a standard method in bacterial
community profiling. Sites in the body that are historic-
ally thought to be sterile, such as the uterine cavity and
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the placenta, are in fact colonized with their own unique
microbiome [3]. For this reason, molecular technologies
that are able to provide a 360 view of the uterine micro-
biota have been used to unravel the composition and
impact of endometrial flora in patients subjected to
assisted reproductive technologies.

Limitations of microbiome sequencing While sequen-
cing can give insight into the makeup of the micro-
biome, it does not give information about its biologic
function, such as antibiotic susceptibility testing [4].

Characterization of the reproductive tract microbiome
There is a continuum of slightly different microbiota
expanding gradually from the vagina to the ovaries [5]:

1. The lower third of the vagina and posterior fornix:
dominated by Lactobacillus spp. (99.99%)

2. Cervical canal: Lactobacillus spp. (97.56%)
3. Endometrium: Lactobacillus spp. forms a large

portion of endometrial microbiome (30.6%).
Acinetobacter (9.07%), Pseudomonas (9.09%),
Sphingobium (5%), and Vagococcus (7.29%)

4. At the openings of the fallopian tubes: the
proportion of these bacteria increases while the
median relative amount of Lactobacillus spp. is
around 1.69%

5. Peritoneal fluid from the pouch of Douglas:
contains little to no Lactobacillus genus

Vaginal microbiome
In healthy women is generally dominated by Lactobacilli
species [6]. Variation due to age and hormonal milieu is
evident [7]. Vaginal flora has been classified into 5 com-
munity state types (CSTs): ≥ 70% of women demon-
strated vaginal microbiota dominated by L. crispatus, L.
gasseri, L. iners, or L. jensenii, corresponding to CST-I,
CST-II, CST-III, and CST-V. A smaller proportion of
women exhibit CST-IV, characterized by a lower per-
centage of Lactobacilli and dominance of anaerobic bac-
teria including Aerococcus, Atopobium, Dialister,
Gardnerella, Megasphaera, Prevotella, and Sneathia.

Endometrial microbiome
For almost a century, gynecologists and scientists
were convinced that a healthy uterus is sterile.
Culture-based technology at the time of hysterectomy
or targeted PCR identification for specific species
showed the presence of both Lactobacillus as well as
non-Lactobacillus species [8]. Like the normal vaginal
microbiota, the endometrium of healthy and asymp-
tomatic women is often dominated by Lactobacilli [9].
The upper genital tract microbiome is quantitatively
and qualitatively different from that of the lower

genital tract [8]. These discrepancies between the
endometrial and vaginal microbiota rationalize the
importance of analyzing the uterine microbiota in
infertile patients as this is the maternal environment
in which the embryo must adhere, implant, and grow
to develop a healthy pregnancy to term. Interestingly,
in up to 20% of subjects, significant differences
between the bacterial composition of vaginal and
endometrial samples have been observed, pointing to
the analysis of the uterine cavity as the most straight-
forward way to predict implantation [10]. An abnor-
mal endometrial microbiota has been associated with
implantation failure, pregnancy loss, and gynecological
and obstetrical conditions.

Challenges of analyzing the endometrial microbiota
The vaginal microbiota have been estimated to harbor
approximately 1010–1011 bacteria, while the endomet-
rium may contain four orders of magnitude fewer bac-
teria than the vagina, which is considered a low-biomass
microbiome [11]. Low-biomass microbiomes (endomet-
rial, urine, blood) may play important roles in microbial
homeostasis and physiology, but their study is often
biased by potential contaminations coming from bacteria
or bacterial DNA present in the air, the laboratory
equipment, and reagents that are inadvertently incorpo-
rated into the samples during sample collection, process-
ing, and analysis. For this reason, it is of outstanding
relevance that researchers working with low-biomass
samples follow strict protocols to avoid misleading con-
clusions about the sequencing results. These measures
would include the prevention of contamination before
sequencing by maximizing the protective equipment,
during sequencing by including sufficient negative and
blank controls, and after sequencing by developing bio-
informatic pipelines to track and subtract potential con-
taminants from the bonafide microbiome coming from
the sample [12].

Main text
Endometrial microbiome and infertility
The role of endometrial microbiota at the embryo-
maternal interface in the onset of pregnancy is of great
interest in reproductive medicine, and a better under-
standing of what a healthy uterine environment is, and
how to achieve it, would benefit not only women under-
going IVF but also every woman wishing to conceive [5].
Several publications support the theory that alterations
in the endometrial microbiome may also impact the re-
productive potential of infertile patients and perhaps,
correcting microbial dysbiosis would lead to improve
success [13]. Uterine infection is a known risk factor for
infertility, as this pathogenic environment may entail in-
flammation and immune activation in the endometrium,
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impairing embryo implantation and the onset of a
successful pregnancy. From the clinical point of view,
the identification of endometrial dysbiosis as a new
cause of infertility opens a new microbiological field in
the evaluation of endometrial factor, highlighting the
relevance of assessing the uterine microbiota in infertile
patients to restore a favorable endometrial flora in those
patients with altered uterine microbiota to improve and
personalize the clinical care of infertile patients. The
impact of endometrial microbiota on several causes of
infertility is being investigated to improve clinical man-
agement of infertile patients with altered uterine
microbiota.

Endometriosis
Several investigations have linked the presence of endo-
metrial pathogens to endometriosis, providing a poten-
tial role of bacterial pathogens in the onset of the
disease. The evidences supporting this hypothesis come
from the increased isolation of Actinomyces, Corynebac-
terium, Enterococcus, E. coli, Fusobacterium, Gardner-
ella, Prevotella, Propionibacterium, Staphylococcus, and
Streptococcus to the detriment of Lactobacillus spp. in
endometrial samples and menstrual blood of patients
with endometriosis, while bacteria from the Staphylococ-
caceae and Streptococcaceae families have been identi-
fied at the molecular level in ovarian endometrioma
fluid [14]. Recently, the description of the reproductive
tract microbiota by next-generation sequencing (NGS)
has showed that patients with and without
endometriosis-related infertility present a different
microbiome [15]. This supports the correlation of endo-
metriosis with the presence of endometrial infections
that may impair contractility of the uterus, facilitating
the retrograde seeding of endometrial cells [16]. A
recently published study analyzing endometriotic lesions
found that the microbial diversity of lesions was higher
compared to eutopic endometrium, where Lactobacillus,
Enterococcus, Gardnerella, Pseudomonas, Alishewanella,
Ureaplasma, and Aerococcus prevailed [17].

Adenomyosis
Patients with adenomyosis present significant differences
along their reproductive tract microbiome compared
with subjects without the condition [18].

Chronic endometritis
Moreno et al. demonstrated, that molecular microbiol-
ogy is a reliable, fast, and cheap diagnostic tool that
allows for the detection of culturable and non-culturable
bacteria associated with chronic endometritis and has
77% concordance with a combination of the classical
diagnostic methods such as histology, hysteroscopy, and
microbial culture [19]. This is very important

information, as chronic endometritis can be asymptom-
atic, and is found in about 40% of infertile patients, likely
causing repeated implantation failure or even recurrent
miscarriage. The unequivocal diagnosis of chronic endo-
metritis in infertile patients, using objective and reliable
methods, could help to improve the clinical management
of asymptomatic patients in whom chronic endometritis
is not suspected or diagnosed.

Endometrial microbiome in art
Many studies showed that endometrial microbiome
might influence endometrial receptivity.

Using culture-based methods

1. During the 1990s and 2000s, the association of
endometrial infection with reproductive failure of
IVF treatments was reported by several groups
assessing the endometrial flora at the time of
embryo transfer (ET) by microbial culture of the
distal tip of the transfer catheter. In all these
studies, the reproductive outcome was consistently
poor upon isolation of endometrial pathogens as
Streptococcus spp., Staphylococcus spp.,
Enterococcus spp., Escherichia coli, Klebsiella
pneumoniae, and Gram-negative bacteria compared
with cases with negative culture [8, 20–23].

2. On the other hand, isolation of Lactobacillus spp.
was associated with increased implantation and
pregnancy rates per transfer and lower miscarriage
rates.

3. A comprehensive study showed the relevance of a
healthy microbial environment at the window of
implantation by culturing endometrial samples at
the time of oocyte retrieval (when a prophylactic
antibiotic was prescribed) and at ET, which was
performed 48 h later [23]. In this study, patients
with endometrial pathogens at the time of ET
presented decreased clinical pregnancy rates per
transfer (18.7%) compared with those women with
negative cultures or those who had responded to
antibiotic therapy previous to ET (41.3% and 38.1%,
respectively), supporting the concept that
reversibility of endometrial infections could
improve reproductive outcomes in IVF patients

Using 16S rRNA gene sequencing

1. The endometrial microbiome of infertile patients
with repeated implantation failure (RIF) or
recurrent pregnancy loss (RPL) has been
investigated, showing that the uterine microbiome
of these patients is predominantly made of bacteria
from the phyla Firmicutes, Bacteroidetes, and
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Proteobacteria [9]. These phyla contain several
genera previously reported not only in the female
reproductive tract, but specifically in endometrial
samples: Firmicutes contains Lactobacilli,
Streptococci, Staphylococci, and among others;
Bacteroidetes contains Prevotella; and
Proteobacteria contains Enterobacteria as E. Coli
and K. pneumoniae.

2. Endometrial dysbiosis is a cause of implantation
failure and pregnancy loss [21]. The endometrial
microbiota are made of 108 components, with
Lactobacillus spp. being the most abundant
bacteria. Patients were classified as Lactobacillus
dominated (LD) or non-Lactobacillus dominated
(NLD ) with a cutoff value of Lactobacillus relative
abundance over 90%; this cutoff served as a
significant variable able to predict reproductive
success. NLD group, in comparison with the LD
group, had significantly lower implantation (23.1%
vs 60.7%, p = 0.02), pregnancy (33.3% vs 70.6%, p =
0.03), ongoing pregnancy (13.3% vs 58.8%, p =
0.02), and live birth (6.7% vs 58.8%, p = 0.002) rates.
High levels of Lactobacillus (over 90% as defined by
the group) are significantly associated with growing
reproductive success in IVF.

3. Hormones and endometrial microbiota: Hormonal
fluctuations, especially in estrogens, are implicated
in the regulation of the vaginal microbiota and in
the preparation of the endometrium for
implantation and pregnancy [24]. It can be expected
that hormones also influence the endometrial
microbiota. Surprisingly, however, Moreno et al.
[11] found that the endometrial microbiota does
not change under hormonal influence in the period
preceding implantation. These results suggest that
we should start to consider the endometrial
microbiota and its health state prior to beginning
IVF, in order to maximize the chance of positive
outcomes.

4. Effect of controlled ovarian stimulation (COS) and
progesterone (P) luteal supplementation on
microbiota of women undergoing in vitro
fertilization was studied [25]. Lactobacillus was the
most prevalent genus in the vaginal samples,
although its relative proportion was reduced by
COS plus P supplementation (71.5 ± 40.6% vs. 61.1
± 44.2%). In the vagina, an increase in pathogenic
species was observed, involving Prevotella (3.5 ±
8.9% vs. 12.0 ± 19.4%), and Escherichia coli-Shigella
spp. (1.4 ± 5.6% vs. 2.0 ± 7.8%). In the
endometrium, the proportion of Lactobacilli slightly
decreased (27.4 ± 34.5% vs. 25.0 ± 29.9%);
differently, both Prevotella and Atopobium
increased (3.4 ± 9.5% vs. 4.7 ± 7.4% and 0.7 ± 1.5%

vs. 5.8 ± 12.0%). In both sites, biodiversity was
greater after COS, particularly in the endometrial
microbiota. COS and P supplementation
significantly change the composition of vaginal and
endometrial microbiota. The greater instability
could affect both endometrial receptivity and
placentation.

Current treatments in clinical practice
In the clinical setting, there is a demand to detect and to
improve endometrial dysfunctions in order to treat uter-
ine dysbiosis and to enhance infertility treatment out-
comes [26]. However, there is no unified protocol for
assessing the endometrial microbial composition, neither
for the treatment of uterine dysbiosis. Pioneering studies
based on NGS approaches already developed commer-
cially available tests for assessing endometrial micro-
biome: the EMMA test by iGenomix® [27] and
Endometrial Microbiome Test by Varinos Inc. [28]. The
EMMA test is based on the previous study findings
where Lactobacillus was dominating in the uterus and
that Lactobacillus dominance correlated with reduced
miscarriage and implantation failures and thus improved
pregnancy rates in women undergoing IVF [10]. EMMA
test classifies endometrial samples into Lactobacillus
dominant and non-Lactobacillus dominant profiles.
Once the sample is classified as non-Lactobacillus dom-
inant, adequate treatment including antibiotics, probio-
tics, and prebiotics could be applied. In the same line,
the Varinos test supports the Lactobacillus dominance
in the uterus and categorizes endometrial microbiome as
Lactobacillus dominant and non-Lactobacillus dominant
[29]. Then, choices for intervention are suggested, such
as uterine lavage for microbial eradication, eradication
treatment with antibiotics, and/or taking probiotics and
prebiotics for improving the microbiota. Undoubtedly
useful, these tests are based on mostly observational
studies and include a limited number of patients, result-
ing in rather limited evidence for testing and subsequent
clinical decision-making in a clinical setting [30]. Clearly,
more research in the field is required starting with the
establishment of the core uterine microbiome before any
treatment recommendations for “dysbiosis” are offered
for patients.

The effects of antibiotics and probiotics supplementation
on the microbiome of the genital tract
Antibiotics has been widely studied to treat BV and pre-
vent preterm birth [31]. But the usefulness of antibiotic
use before embryo transfer remains controversial; while
it is efficient in reducing upper genital tract contamin-
ation, no beneficial role has been observed in pregnancy
outcome. This can be due to the lack of specificity of
broad-spectrum antibiotics that could impair not only
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the growth of dysbiotic bacteria, but also the protective
Lactobacilli. Antibiotic therapy against CE improved
implantation, clinical pregnancy, ongoing pregnancy,
and live birth rates in a subsequent IVF cycle after CE
was resolved. Treatment of CE in RIF patients before
embryo transfer could be a useful intervention to elimin-
ate the source of infection, improve the endometrial
microbial health, and increase the live birth rates in
these patients [32]. Antibiotic therapy has been also
effective in patients with CE and unexplained infertility
to increase their chances to conceive spontaneously and
maintain a safe pregnancy to term after CE resolution.
Another possible strategy to modulate the reproduct-

ive tract microbiome is the use of probiotics. Several oral
and vaginal probiotics are available, the majority of them
including L. crispatus, L. gasseri, Lactobacillus plan-
tarum, Lactobacillus reuteri, and Lactobacillus rhamno-
sus [33]. This could offer an interesting approach to
restore a healthy microbiota while overcoming the disad-
vantages of antibiotic treatment such as antibiotic resist-
ance, high rate of recurrent infections after treatment,
and side effects derived from the clearance of endogen-
ous off-target flora in other body sites. However, the effi-
cacy of a probiotic therapy alone in reverting BV and
other reproductive tract infections is not certain. For
example, treatment with vaginal L. crispatus for one
cycle results in colonization with this strain in up to 60%
of patients. A two-step therapy with vaginal probiotics
following antibiotic treatment could be useful to first
fight the fastidious bacteria and then repopulate the
reproductive tract with Lactobacillus strains [34].

Conclusions
The existence of a reproductive microbiota continuum
has highlighted the importance of a healthy microbiome
in all the steps of reproduction. Next-generation sequen-
cing isolates culturable and unculturable bacteria from
the female reproductive tract. Endometrial microbiome
is becoming better characterized and its importance in
gynecologic and reproductive health is increasing. Low
biomass microbiome has an increasing importance in
today’s fertility studies. An abnormal endometrial micro-
biota has been associated with implantation failure preg-
nancy loss and other gynecological and obstetrical
conditions. Understanding the significance of micro-
biome in the endometrium may add value to the current
therapeutic approach in the treatment of this part of the
reproductive tract. More research is needed to describe
and understand the role of the endometrial microbiome
in endometrial receptivity and the outcome of in vitro
fertilization.
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