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’.) Check for updates

Infertility influences 15% of reproductive-aged couples in the world and the same percentage has been counted in Italy. Male and female causes of infertility are
identified in 20% - 30% and 20% - 35% of couples, respectively; in 10% - 20% of cases, no cause is found. Until the last decade, a lot of studies have analyzed both modifiable
factors (tobacco, alcohol, diet factors, overweight, infections) and non-modifiable factors (parental age, low ovarian reserve, etc.). Probably there is a connection between
modifiable and non-modifiable causes of infertility, that together increase the failure of reproduction. This review aims to analyze the influence of the microenvironment
in the female genital tract, particularly to highlight the current literature, published in Italy, on reproductive tract microbiome in different anatomical locations, vagina,
endometrium, Fallopian tubes, the intestinal microbiome, and the possible interaction between such microbial communities and infertility. Finally, based on the data
presented in this review, we try to encourage future perspectives and research directions in Italy.

Introduction

Infertility is becoming not only a problem of reproductive
health but has also psychological, economic, and medical
implications resulting in trauma and stress, especially in
societies and cultures that give strong emphasis on childbearing
[1]. The primary infertile female is a woman who has never been
diagnosed with a clinical pregnancy and meets the criteria of
being classified as having infertility. Instead, secondary female
infertility applies to a woman unable to establish a clinical
pregnancy but who has previously been diagnosed with a clinical
pregnancy. The same categorization might be applicable to the
male regarding his contribution to the initiation of a pregnancy
[2]. Secondary infertility is the most common form of female
infertility around the globe, frequently due to reproductive
tract infections [3]. In this setting, the human microbiome
plays a crucial role in determining the influence of genital tract

fertility potential. The original definition of microbiome is “a
characteristic microbial community occupying a reasonably
well-defined habitat which has distinct physio-chemical
properties”, by Whipps JM, et al. and today it is enriched by
a dynamic consideration of the microbial activities that result
in ecological niches. The variation of the composition of the
microbiome can lead to a state of dysbiosis, particularly in the
case of stress conditions, where the rapid decrease of microbial
diversity promotes the expansion of specific bacteria or
pathogens [4]. By some research, it was found that the genital
tract accounts for up to 29% of the whole human microbiome,
while the urogenital tract contributes up to 9%. Particularly it
is the site where lactobacilli dominate the microbial community
and contribute to defending women against infectious
disease, hence playing a potential pivotal role in reproductive
outcomes, such as fertility and gestational length [5]. This
article reviews the existing literature in Italy, submitted within
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recent years, regarding the role of the microbiome in different
anatomical locations, vagina, endometrium, Fallopian tubes,
intestinal microbiome, and the possible interaction between
such microbial communities and infertility, to evaluate the
state of art in Italy and to explored and encouraged the future
perspectives and research directions in Italy.

Materials and methods

The electronic search databases used were PubMed in
January 2023. Papers initially have been consulted on the type
and year of publication and only studies published in the last
10 - 5 years were selected. Finally, only articles were included
with the Italian affiliation or the Italian author. The keywords
used were: “micro-environment “, “ Pregnancy microbiome
Italy”, “Vaginal microbiome Italy”, “Endometrial microbiome
pregnancy Italy”, “fallopian tubes microbiome”, “infertility
and microbiome”, “PID and infertility”. The studies are
reported in order of date of publication in Table 1.

Table 1: The table reports the studies published in Italy from 2014.

Authors and Year  Type of Study Aim of the study

To outline the relationship between
endometrial microbiota, inflammation, and
IVF outcomes.

h
Cela, etal, 2022 [40) COMOrtstudy

To identify and evaluate studies investigating

Vitale, SG et al.
2022 [44]

Review the association of genital microbiome to

infertility.

Employed the double-sheathed catheters
usually used for embryo transfers to get
endometrial specimens for microbiota
assessments. This double-lumen catheter

structure is expected to markedly shrink the

possible impurity with the cervical or vagina
Case-control microbiota. To examine the validity of this

Study

Rachini M, et al.
2022 [42]
endometrial and vaginal microbiotas in
a series of women undergoing IVF and
scheduled for frozen embryo transfer.
As a secondary aim, they also valued the

modality of sample collection, they compared
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Female reproductive tract

The successful birth of healthy offspring, necessary
for the continuation of the species, depends on the Female
Reproductive Tract (FRT). The Female Reproductive tract
arises from the genital ridges, the Mullerian duct system,
and sinovaginal bulbs. It is composed of the ovaries, the site
of maturation and release of oocytes; the fallopian tubes (FT,
also called oviducts) that transport the oocytes to the uterus
following ovulation; the uterus where implantation of the
embryo occurs and pregnancy takes place; and the cervix
which connects the uterus to the vagina and is the entry site
for male gametes as well as the birth canal. The regulation of
FRT function is complex and is coordinated by hormones of the
Hypothalamus-Pituitary-Ovarian (HPO) axis. The differential
hormonal responses between the epithelial, stromal, and
immune populations provide another layer of regulation locally
within the tissues. The endometrium has an essential role in
implantation, particularly during the early stages of pregnancy

Outcomes and Conclusion Numbers of patients

Endometrial dysbiosis was exposed to
be associated with inflammation-related
endometrial fluctuations affecting the
process of embryo implantation, underlining
the importance of assessing uterine
microbiota in patients undergoing IVF.

26 patients aged between 33 and 42
years, undergoing IVF treatment at the
Centre for Infertility.

Embryo transfer seems not influenced by
vaginal dysbiosis, even though the strength
of this affirmation is very weak, whereas the
success of the embryo transfer is conversely

impacted by abnormal cervical flora.

Data sustenance the use of embryo transfer Data were thus complete and presented
catheters related to a meticulous aseptic  for the remaining 53 subjects. Sampling
| methodology for testing the endometrial was performed in the proliferative
microbiome. To note, a shared and pragmatic and secretory phases in 26 (49%)
modality for sampling is necessary for and 24 (45%) women, respectively.
future basic and clinical studies. Their study The remaining three subjects
highlighted a possible beneficial role of higher underwent sampling in amenorrhea for
biodiversity on endometrial receptivity. disovulatory conditions.

relationship of microbiotas’ findings with the

subsequent chance of pregnancy.

To show that the negative special effects
of EDCs on reproduction are in part due to
a dysbiotic GM. They will highlight the link
between GM and male and female fertility;
(the mechanisms of interaction between
EDCs and GM; and the importance of the
maternal-fetal GM axis for offspring growth
and development.

Prospective

Fabozzi G, et al.
study

2022 [46]

Emerging notions provide evidence of the
correlation between EDC exposure, GM
dysbiosis, and the occurrence currency of
a range of infertility-related diseases in the
exposed individual and in the of a range of
infertility-related diseases in the exposed
individual and in the offspring, offspring,
shedding light on an intriguing triad (EDCs—
GM-~-(in)fertility) and on its possible shedding
light on an intriguing triad (EDCs—GM~—(in)
fertility) and on its possible involvement in
the (dis)regulation of reproductive health in
both men and women.
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The therapeutic chances include probiotics,
prebiotics, and synbiotics, as well as fecal
microbiota transplantation and the use of
IL-22, to date only in animal models, as a

possible coming drug. Current evidence has
; : : shown the involvement of the gut microbiome
To summarize the available literature data ) ) ) )
. . . . . . . in PCOS, seen how humanized mice getting
Giampaolino P, et al. Review about the relationship between microbiome .
a fecal transplant from women with PCOS
2021 [45] and PCO. A -
develop ovarian dysfunction, immune
changes, and insulin confrontation, and how
it is capable of disrupting the secondary
bile acid biosynthesis. A future therapeutic
approach for PCOS may involve the human
administration of IL-22 and bile acid
glycodeoxycholic acid.
Thirty-four Caucasian women aged 22—

Preliminary results revisit their information 43 (median age 37) were consecutively
To explore structural differences in the on the genitourinary microbiota and highlight

enrolled. This group was further
Riganelli L, et al. Case-control vaginal and endometrial microbiota in an a putative relationship between vaginal/ subdivided into four groups according
2020 [41] study attempt to define possible biomarkers endometrial microbiota and reproductive to their age, namely ranging from 22
connected to embryo implantation failure. success.

to 31 (6/34), 32 to 37(14/34), 38 to
40(4/34), and 41 to 43 (10/34) years.

Fifteen women underwent microbiota
examination at two-time points:
through a mock transfer performed

in the luteal phase of the cycle
Coordinated Ovarian Stimulation (COS) and

. preceding COS, and at the time of
. Suggest that PCOS and supplementation )
Progesterone (P) luteal supplementation 77 . fresh embryo transfer (ET). A vaginal
) . . significantly change the configuration ) .
Carosso A, et al. modify the vaginal and endometrial . . . . swab and the distal extremity of the ET
Cohort study . . L of vaginal and endometrial microbiota. . .
2020 [25] microbiota of women undergoing in vitro ) L catheter tip were analyzed using next-
e The greater instability could affect both A -
fertilization. ) . ) generation 16SrRNA gene sequencing.
endometrial receptivity and placentation. ) )
The heterogeneity of the bacterial
microbiota was assessed according to
both the Bray-Curtis similarity index and
the Shannon diversity index.
A total of 646 healthy Italian women
Retrospective Ureaplasmas parvum serovar 3 is a fulfilled the inclusion criteria including
Zanotta N, et al. su?d To characterise Mycoplasmas/Ureaplasmas  developing microorganism in sexually active 521 infertile women, 65 pregnant
2019 [24] y infections in women of childbearing age. women that may have the benefit of targeted women, and 60 fertile women with
therapy. identified risk factors and symptomatic
for vaginitis/Cervicitis.
Using bacterial strains resident in the gut
Fecal Microbiota Transplantation: A Potential 9 . L 9
or vagina, a local and systemic immune
Tool for Treatment of Human Female ) )
) ) response can be induced to prevent disease
Quaranta G, et al. i Reproductive Tract Diseases evaluates the R
Review X . or alleviate symptoms. Oral, rectal, or nasal
2019 [26] vaginal district as a complex ecosystem . : .
. administration of these bacteria can help
important for female health and successful . o
) induce local and systemic immune responses
conception. ; )
in the female genital area.
Seventy (66.0%) women were
diagnosed with CE at hysteroscopy.
In 61 (57.5%) CE was confirmed by
histol 48 (45.0% | .
Research demonstrates that CE is a istology and 8.( 5:0%) by cultures
-, . R Common bacteria and mycoplasma
condition frequently associated with RIF.
In our population, the most prevalent were the most prevalent agents. In
_nourpop : P _ 46 (75.4%) out of 61 women, with
’ " infectious agents are common bacteria ) )
The prevalence of chronic endometritis , diagnosis of CE at hysteroscopy
. X . and mycoplasma. In women with RIF . S
T ) (CE) in women with repeated unexplained . ) and histology, examinations were
Cincinelli E, et al. Retrospective A . . . hysteroscopy reliably detected the existence ) I
2014 [39] studies implantation failure (RIF) in IVF and how normal after appropriate antibiotic

. . of CE. The normalization of the hysteroscopic o
does antibiotic treatment affect reproductive . ; _ treatment control (Group 1) while in
endometrial pattern was associated with a

o ) ) ) 15 (24.6%) cases signs of CE were
significant improvement in the reproductive

ill 2). At IVF
outcome of the IVF cycle performed after still present (Group' ) : t att.empt
after treatment, a significantly higher

PR and LBR were reported in women
from Group 1 compared with women
from Group 2 (65.2 versus 33.0% P 174
0.039; 60.8 versus 13.3%, P 174 0.02,
respectively.

outcome.

treatment.
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[6]. Itis aregenerative, dynamic tissue as it undergoes dramatic
changes in response to the ovarian hormones throughout the
menstrual cycle. Rising levels of E2 after menstruation mark
the start of the proliferative phase during which the functional
layer is regenerated and grows considerably. It is thought to
regenerate from the basal portion of the glands, which is not
shed [7-10]. The basal glands express markers found in other
tissue stem cells/progenitors, including SRY-box transcription
factor 9 (SOX9), stage-specific embryonic antigen 1 (SSEA1),
and CDH2 (11). This might be a stem cell compartment,
supported by the observation that CDH2+ cells can form
gland-like structures in vitro [11]. After ovulation, during the
secretory phase, the increase in progesterone levels triggers
the process of decidualization, which results in the specialized
differentiation of the glands and stromal cells to prepare for
pregnancy, accompanied by characteristic morphological and
ultrastructural changes. The glands accumulate glycogen in
the subnuclear cytoplasm, and they begin to secrete copious
amounts of uterine milk proteins including glycodelin and
osteopontin [12]. In the absence of implantation, falling
levels of progesterone that result from the involuting corpus
luteum trigger menstruation. Decidualization is essential for
the establishment of pregnancy and defects in this process
might contribute to several disorders of pregnancy (e.g. pre-
eclampsia and miscarriage) [13-15].

Composition of reproductive tract microbiome in rela-
tion to infertility

Vaginal microbiome: The vaginal microbiome is a complex
and dynamic microecosystem that always undergoes
oscillations during the female menstrual cycle and the woman’s
whole life. The vaginal mucosa is made up of a stratified
squamous  nonkeratinized  epithelium protected by
cervicovaginal secretion [16]. The vaginal mucosa acquires
oxygen, glucose, and other nutrients from underlying
submucosal tissues through diffusion due to the partial blood
supply [17]. This establishes a relatively anaerobic habitat
situation. The vagina houses a complex microbial community
that subsists in a symbiotic relationship with the host. The
vaginal microbiome is made up of the indigenous environment,
microorganisms, and their genomes that make up the entire
habitat. In women of reproductive age, physiological
modifications such as changes in hormone levels cause
oscillations in the vaginal microbiome. There are distinct
differences between non-pregnant and pregnant women in
terms of the vaginal microbiome, with a sharp decline in
variety and profusion detected in pregnant women. The
prevalence of Lactobacillus spp., Clostridiales Actinomycetales, and
Bacteroidales is detected in pregnant women, while in non-
pregnant women the prevalence of Lactobacillus spp.,
Actinobacteria, Streptococcus, Veillonellaceae, Proteobacteria,
Prevotella, Bifidobacteriaceae, Bacteroides, and Burkholderiales
[18]. The vaginal microbiome modifications over time in a
single person and differs significantly between persons due to
variables such as sexual activity, douching, chronic stress,
regional differences, and race. Now, there are few genotyping
studies associated with a healthy vaginal microbiome, but this
is an area of research that could benefit from further
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investigation. Lactobacillus strains thrive in the vaginal
anaerobic environment and produce various antimicrobial
complexes such as lactic acid, hydrogen peroxide, and
bacteriocins, thus contributing to a healthy vaginal microbiome
and establishing resistance against infecting pathogens [19]. In
the Italian study by Campisciano G, et al [20], the knowledge of
female idiopathic infertility and the vaginal microbiome of
infertile women suffering from diverse clinical/physiological
conditions was related to that of healthy women suffering from
bacterial vaginosis. The data of the study are consistent with
recent reports documenting that the infertility condition is
accompanied by a compositional change in the vaginal
microbiota. Resident dysbiosis is frequently determined by the
reduction of lactobacilli and the proliferation of a diversity of
bacteria, mostly strict anaerobes residing mainly in the
gastrointestinal tract (Enterobacteriaceae) and urogenital tract
(Ureaplasma) [21]. An irregular distribution of lactobacilli was
detected among the cohorts of women considered. A microbiota
dominated by lactobacilli is an adequate biomarker of a healthy
vaginal ecosystem. Lactobacilli can act as a barrier against the
invasion of pathogens as the products of their metabolism,
secreted in the cervico-vaginal fluid, play a key role in
counteracting both bacterial and viral infections [22]. The most
frequently isolated species are Lactobacillus gasseri, Lactobacillus
iners, and Lactobacillus crispatus [23]. In Italy, there are several
study groups that focus their attention on the microenvironment
and fertility, one of which is Zanotta N [24]. Their study aimed
to characterize Mycoplasmas/Ureaplasmas infections in women
of childbearing age, involving the acquisition of Sexually
Transmitted (ST) pathogens and negative birth outcomes. In
total, 646 healthy Italian women met the inclusion criteria,
including 521 infertile women, 65 pregnant women, and 60
fertile women with recognized risk factors and suggestive of
vaginitis/cervicitis. Multiplex and quantitative molecular
techniques and automated DNA sequencing were performed to
assess the genome organization of Mycoplasma/Ureaplasma
species and ST-infected pathogens. Ureaplasma parvum serovar
3 was the predominant colonizer of the urogenital tract in this
series and the only species considerably associated with co-
infection with ST pathogens. The study performed by Carosso
A, et al. [25] aimed to evaluate the influence of Controlled
Ovarian  Stimulation (COS) and progesterone (P)
supplementation on the vaginal and endometrial microbiota
during in vitro Fertilization (IVF) cycles. The study used
advanced molecular methods and found that COS and P
supplementation resulted in important changes in the vaginal
and endometrial microbiota during the “implantation window”
period of IVE. The relative proportion of Lactobacillus bacteria
in both the vagina and endometrium decreased, while
potentially pathogenic bacteria increased. The changes in the
endometrial microbiota were more distinct, with an increase in
microbial variability. The findings suggest that the effects of
supraphysiological levels of estrogen and P during IVF cycles
on vaginal and endometrial microbiota have not been
investigated yet. Whether or not these changes in endometrial
microbiota affect IVF outcomes or intensification of the
incidence of obstetric complications is still unknown, but the
study provides evidence for further exploration. A recent review
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by Quaranta G, et al. 2019 [26] called “Fecal Microbiota
Transplantation: A Potential Tool for Treatment of Human
Female Reproductive Tract Diseases” evaluates the vaginal
district as a complex ecosystem important for female health
and successful conception. Metagenomic analysis has enabled
us to understand the vaginal microbial composition and how it
changes during the female life cycle. The predominant species
in healthy women are Lactobacillus crispatus, Lactobacillus gasseri,
Lactobacillus iners, and Lactobacillus jensenii. Other important
microbes are strictly anaerobic bacteria such as Atopobium,
Gardnerella, Megasphaera, Prevotella, and Peptoniphilus. During
perinatal development, the vaginal epithelium thickens due to
the effect of residual maternal estrogen, favoring the deposition
of glycogen in the epithelial cells, after which the glycogen is
released supporting exfoliation of the epithelial cells. In the
postnatal period, when maternal estrogen is metabolized, the
vaginal mucosa undergoes thinning and a wide range of
facultative aerobes and anaerobes are selected. During
childhood, the microbiota is populated mainly by Gram-
negative and some Gram-positive anaerobes. During puberty,
the intensification of estrogen leads to further thickening and
selection of glucose-fermenting microorganisms. During
adolescence, the microbiota evolves and becomes similar to the
vaginal microbiota of adult women. During the menopause, the
sharp drop in estrogen leads to a further change in the vaginal
bacterial composition, characterized mainly by Lactobacillus
crispatus, Lactobacillus iners, Gardnerella vaginalis and Prevotella,
with a lower abundance of Mobiluncus, Staphylococcus,
Bifidobacterium, Gemella and yeasts. The cervico-vaginal
microbiota consists of 108 bacteria/gram of vaginal fluid and is
crucial to women’s reproductive health and outcomes. Despite
being one of the simplest commensal bacterial populations in
the human body, we are only beginning to appreciate its
complex dynamic nature and its important role in host immune
modulation. Urogenital tract bacteria account for 9% of the
total human microbiota and most of them are difficult to
cultivate. The composition of the cervical mucous plug has
been shown to be impervious to bacterial migration from the
vaginal tract. Lactobacilli are crucial for the homeostasis of the
female reproductive tract, maintaining an acidic environment
with a pH of around 4.0 inhospitable to the growth of catalase-
negative bacteria. One study suggested the presence of five
types of communities (CST) of cervical and vaginal bacteria.
Lactobacillus-dominated communities showed important
differences in prevalence among healthy women depending on
their racial affiliation. In addition, specific cervicovaginal
bacteria have been shown to correlate with HIV acquisition.
The latest studies have shown how bacterial communities can
play animportantrole in fertilization and women’s reproductive
health. The main goal is to intervene in these populations to
improve reproductive outcomes. An example of this strategy is
the use of probiotics to protect sperm motility and viability.
Furthermore, the composition of the uterine and vaginal
microbiome has been correlated with pregnancy success and
the presence of diseases such as endometriosis. The promotion
of vaginal health is influenced by probiotics with various
Lactobacillus combinations. Bacteria naturally present in our
bodies can play an important role in stimulating the immune

https://www.peertechzpublications.org/journals/journal-of-gynecological-research-and-obstetrics a

system. Some strategies for treating diseases focus on the use
of chemically synthesized molecules or recombinant proteins,
but these methods have certain limitations. Instead, by using
bacterial strains resident in the gut or vagina, a local and
systemic immune response can be induced to prevent disease
or alleviate symptoms. Oral, rectal, or nasal administration of
these bacteria can help induce local and systemic immune
responses in the female genital area. In addition, immunization
of the intestinal tract can be used to induce specific antibodies
in female genital tract secretions. Vaginal microbiota in relation
to infertility is shown in Figure 1.

Endometrium microbiome: Knowledge of the regular
upper genital tract microbiome is not as several as vaginal.
The molecular documentation of bacterial species in the
endometrium of asymptomatic patients undertaking
hysterectomy for benign indications established that the
uterine cavity is not sterile [27]. A statement exciting this
dogma proposed the existence of an endometrial microbiota
counting diverse microorganisms (Lactobacillus spp., Mycoplasma
hominis, Gardnerella vaginalis, and Enterobacter spp.) isolated by
traditional microbiological culture techniques of endometrial
samples found from hysterectomy. A pathological infection is
not always produced by the host-microbiota interactions, a
murine model of arising bacterial infection supports the idea
that the endometrium might not be as sterile as thought [28].
The presence of no lactobacillus bacteria in the endometrium
is correlated with adverse effects on reproductive function and
should be measured as an emerging cause of implantation
failure and pregnancy loss [29]. Studies suggest that persisting
intrauterine bacterial infectious conditions such as chronic
endometritis possibly damage the embryo implantation process.
The microbial environment in the female reproductive tract,
however, remains largely undetermined in infertile patients
with a past of Repeated Implantation Failure (RIF) [30,31]. RIF
potentially originates in abnormal embryonic factors (such
as chromosomal abnormalities, mitochondrial DNA quantity,
and oxidative stress) [32], reduced endometrial receptivity
(such as hydrosalpinx, endometrial polyps, distorted uterine
cavity, and Chronic Endometritis (CE) [33], and systemic
factors (such as thrombophilic and immunological factors)
[34]. Endometritis is an infectious and inflammatory disorder
of the endometrium. Endometritis is histopathologically
divided into two categories [35]. Acute endometritis is
categorized by micro abscess creation and neutrophil invasion

N L

* Lactobacillus Crispatus s Enterobacteriacee
* Lactobacillus Gasseri » Urcoplasma
-
.

Lactobacillus Iners e Mycoplasma
Lactobacillus Jensenii

VAGINAL
MICROBIOME

Figure 1: Vaginal microbiome. The main bacteria studied in the vaginal microbiome

are listed, and divided by role in reproduction.
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in the endometrial superficial epithelium, gland lumina, and
uterine cavity, the other is Chronic Endometritis (CE), the
histopathologic features of which are endometrial superficial
edematous alteration, high stromal cell density, dissociated
development between epithelium and stroma, and infiltration
of endometrial stromal plasmacytes [36]. There are currently
no universally recognized uniform definitions or conventional
diagnostic guidelines for CE, although experts agree that the
presence of numerous Endometrial Stromal Plasmacytes
(ESPCs) is the most specific and sensitive finding in this
pathology [37]. The major cause of CE is microbial infection
in the uterine cavity. This is sustained by the fact that some
antibiotic treatments actually eliminate ESPCs in the affected
patients [38]. The microorganisms detected frequently in
endometrium with CE are common bacteria (streptococcus
species, Escherichia coli, Enterococcus faecalis, and staphylococcus
species), mycoplasma/ureaplasma species (Mycoplasma genitalium,
Mycoplasma hominis, and Ureaplasma urealyticum), Proteus species,
Klebsiella pneumoniae, Pseudomonas aeruginosa, Gardnerella
vaginalis, Corynebacterium, and yeasts (Saccharomyces cerevisiae
and candida species) [39]. The Italian pilot study performed
at the University of Pisa by Cela V, et al. [40] presented that
women with RIF who had a main non-lactobacillus microbiota
had greater concentrations of inflammatory markers and
minimal levels of anti-inflammatory/well-being factors
than women with eubiosis, particularly with regard to
lactobacillus abundance. The degree of inflammation (i.e.
levels of inflammatory factors) was inversely correlated with
lactobacilli abundance and in turn, increased in the presence
of endometrial pathogens. The concentrations of the cytokines
analyzed were related to the embryo implantation process,
influencing the number of ETs in patients with RIF. Overall,
their data contribute to the documentation of endometrial
dysbiosis as a trigger of inflammation-related endometrial
changes affecting the embryo implantation course. Also, this
study emphasizes the importance of assessing the uterine
microbiota in infertile patients, even if they do not have
symptomatic/clinical endometritis, and proposes the use of
probiotic supplements to recondition endometrial eubiosis.
Indeed, although there is a wealth of evidence pointing to the
correction of the genital microbiota in relation to elevated
inflammation, understanding the risk factors and mechanisms
by which it affects genital health, and in particular fertility,
is essential in the management of IVF. Another interesting
Italian study is that carried out by Riganelli, et al. [41], the
aim of their study was to explore structural variations in the
vaginal and endometrial microbiota in an attempt to define
possible biomarkers related to embryo implantation failure.
To this end, they characterized the vaginal (cytobrush) and
endometrial (biopsy) microbiota of asymptomatic and infertile
women undergoing ART, immediately before egg collection
and after hormonal stimulation. In this study, 34 infertile
women aged between 22 and 43 years were recruited at the
Department of Infertility of the University of Rome La Sapienza
between April 2017 and April 2018. They were divided into
four groups according to their age and all underwent second-
stage assisted reproductive technology with implantation
failure. The patients had infertility related to tubal occlusion,
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endometriosis, ovulatory disorders, or idiopathic infertility.
All women underwent a mild/minimal stimulation protocol of
recombinant FSH combined with a GnRH antagonist and all
reached the embryo transfer stage. Their pilot study showed
differences in microbiota composition between the vaginal and
uterine habitats, with a greater presence of Lactobacillus in the
vagina and a more heterogeneous composition and absence
of Lactobacillus in the uterine microbiota. Furthermore, the
endometrial microbiota was shown to be different between
pregnant and non-pregnant women. These results indicate
that when translocation from the vagina to the endometrial
area occurs, this can lead to an unsuitable microbiota that may
adversely affect IVF (in vitro Fertilization) results. The results
suggest that prior assessment of microbiota composition
could allow clinicians to restore a favorable environment for
IVF outcomes through the use of targeted probiotic and/or
antibiotic therapies. The study carried out by Reschini M, et al.
[42] reported results from the use of a careful and meticulous
method of endometrial sampling. The observation that the
taxonomy between the endometrial and vaginal microbiomes
differed greatly supports the validity of the sampling method.
This difference allowed the researchers to determine that the
endometrial samples were not contaminated by vaginal species.
Additionally, the study failed to confirm previous findings that
a Lactobacillus-dominant endometrial microbiome is beneficial
for IVF success and that bacterial vaginosis is detrimental.
Instead, the researchers found that higher Shannon and
Shannon’s equitability indexes were present in women who
became pregnant.

The commonly used transcervical collection method can
result in contamination due to the high microbial density in
the cervix. The method used in the study aimed to overcome
these limitations. The researchers used a double-sheathed
catheter for both embryo transfer and endometrial sampling,
which may reduce contamination compared to other methods.
However, the technique is not perfect and further improvement
is difficult to achieve. Trans-myometrial sampling could
potentially be more effective, but it requires an invasive and
potentially risky abdominal approach and can be exposed to
cutaneous microbiome contamination. The use of a catheter for
both embryo transfer and endometrial sampling is not a new
technique, but the method used in the study included active
aspiration, which sets it apart from previous studies. The results
from the study showed a lower frequency of Lactobacillus in
the endometrial microbiome compared to previous studies
using similar methods. The study also found no relationship
between Lactobacillus dominance and pregnancy rate with IVF.
Instead, the researchers found that higher alpha diversity, as
measured by Shannon and equitability indexes, was related to
a higher chance of pregnancy. This result provides evidence
that a higher biodiversity in the endometrial microbiome,
rather than a Lactobacillus-dominant environment, may be
beneficial for pregnancy. Endometrium microbiota in relation
to infertility is shown in Figure 2.

Fallopian Tube microbiome: The Fallopian Tubes are the
most important site of the genital tract for woman fertility.
They are a part of the female reproductive tract that hosts
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fertilization and pre-implantation development of the embryo
[43]. Current diagnosticapproaches, like hysterosalpingography
and laparoscopy, cannot correctly identify many subtle
causes of tubal dysfunction, yet. Among the causes of tubal
infertility, are the anomalies of the tube, infections (Chlamydia
trachomatis, Gonorrhea, genital tuberculosis), intrauterine
contraceptive devices, endometriosis, complications after
abdominal surgery, endometrial polyps, etc. [44]. However,
it is known that the most common cause of tubal factor
infertility is a pelvic inflammatory disease (PID), creating
critical alterations of the tubal epithelium, little attention has
been devoted to understanding the tubal modifications caused
by the resident microbial population and their interaction with
the surrounding tubal epithelium by direct sampling during
laparoscopy using a cytobrush or less traumatic ones, the
hysteroscopy. The Italian study by Vitale SG, et al. 2022 [44]
has described the atraumatic hysteroscopic sampling methods
to investigate the correlation between tubal microbiota and
female infertility. This study has elucidated that PID affects
tubal patency not only with macroscopic structural distortions
but also by affecting the tubal epithelium directly, consisting of
sloughing and/or destroying of ciliated cells, with subsequent
cessation of ciliary activity, disruption of cell junctions, and
apoptosis of epithelial cells. So, the consequences of several
pathogenic mechanisms are direct cytotoxic effect, immune
response, secretion of chemokines, and cytokines. As the study
has underlined, the majority data of the studies available in
the literature had been obtained by laparoscopic salpingectomy
or by direct biopsies of the distal portion; the hysteroscopic
approach less invasiveness than the former, but the use of
cytobrush has some critical implications worth highlighting
(the unavoidable mechanical trauma caused by the cytobrush
and the limited flexibility for the microbiological and
cytological sampling of the distal tubal lumen). Cause of the
lack of consistent research about alternative microbiological
methods with the use of hysteroscopy as in Italy as in the rest
of the world, the study by Vitale S.G. et al. has encouraged
large multicentre well-designed studies using hysteroscopic
sampling methods to discover more about the relationship
between tubal microbiota and female infertility [44]. Fallopian
tube microbiota in relation to infertility is shown in Figure 3.

Intestine Microbiome: Always more and more studies
have shown that the Gut Microbiome (GM) can influence
female fertility [45,46]. The Italian studies, Giampaolino P,
et al. 2021 and Fabozzi G, et al. 2022 are the most recent of
our research. GM is a complex and dynamic population of
microorganisms living in the human gastrointestinal tract that
performs biochemical functions otherwise absent in the host.
The main GM phyla are Firmicutes, Bacteroidetes, Actinobacteria,
Proteobacteria, Fusobacteria, and Verrucomicrobia, with the former
two representing 90% of the whole population [46]. Among
the functions of the GM, the studies selected (table) have
underlined that there is a direct influence on female fertility to
the regulation of the level of sex hormones, by the production of
the enzyme B-glucuronidase (GUBS), which is involved in both
the xenobiotic and endobiotic metabolism. Indeed, changes
to the microbial population encoding the enzyme GUSB,
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known as the estrobolome, affect the endogenous estrogen
metabolism by regulating the enterohepatic circulation of these
hormones, with a subsequent impact on the woman’s hormonal
balance and, therefore, on her fertility. Instead, indirectly, the
GM seems linked to female infertility due to the important
relationship that exists between a healthy GM and the immune
system [46]. Indeed, dysbiotic GM is observed in several
infertility-related disorders such as Polycystic Ovary Syndrome
(PCOS), Insulin Resistance (IR), and obesity [45]. the correct
balance of the GM plays a key role in female fertility since it
has been demonstrated that GM can influence the whole genital
tract microbiota through continuous crosstalk between uterus
and vagina ecosystems [46]. Noteworthy, oral administration
of probiotics influences vaginal microbiota composition and
immunity, and different microbial species, such as the Gram-
positive Lactobacillus spp. that dominates the vaginal microbiota
in physiological conditions, originate from the gut. Moreover,
GM dysbiosis can induce bacteria translocation, which impairs
the permeability of the intestine and the leakage of bacteria
and bacterial products from the gut into the circulation, thus
affecting the female genital tract microbiota. Through the
studies cited, we pay attention to the possibility of developing
new strategies to prevent or treat infertility such as maternal
dietary modification, probiotic and prebiotic supplementation,
and faecal microbiota transplantation [46]. Intestine microbiota
in relation to infertility is shown in Figure 4.
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Discussion
State of art in Italy and future research developments

In Italy, more and more studies are evaluating the
association between female mycobacterium, fertility, and
assisted fertility techniques. More and more patients are
making use of techniques in cases of infertility, even in
Italy where the average age of first pregnancy is increasing.
Knowledge about the microbiome of the regular upper genital
tract is not as extensive as that of the vagina. But new studies
are assessing how the endometrium has its own microbiota
and how this interferes with fertility and assisted fertilisation
techniques. Italian studies have evaluated that women with
RIF who had a non-lactobacillus major microbiota had higher
concentrations of inflammatory markers and lower levels
of anti-inflammatory/well-being factors than women with
eubiosis, particularly with regard to lactobacillus abundance. The
degree of inflammation (i.e. levels of inflammatory factors)
was inversely correlated with lactobacilli abundance and in
turn, increased in the presence of endometrial pathogens. This
brings more attention to the assessment of endometrial well-
being not only from a structural but also from a microbiome
perspective. A new point of discussion is data on the tubal
microbiome; in fact, as seen Italian studies have described
hysteroscopic trauma sampling methods to investigate the
correlation between tubal microbiota and female infertility,
creating new methods on how to investigate the tubes
giving new perspectives. Progress has been made on how
inflammations such as PID can influence tubal patency by not
only structurally altering the tubes but also at the epithelial
level. Italian studies are trying to go further in assessing the
correlation between microbiota and fertility by also studying
how the gut and its microbiota influence fertility and assisted
fertilisation techniques related to infertility, such as polycystic
ovary syndrome (PCOS), insulin resistance (IR), and obesity.
Another point is how the oral intake of probiotics goes to
influence the microbiota of the genital tract, which determines
the possibility of developing new strategies for studies
evaluating the female microbiota, such as supplementation or
faecal microbiota transplantation. Infertility and medically-
assisted fertilisation techniques are increasingly studied
topics, but microbiota still has many unexplored aspects that
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need stronger evidence, such as the need for more prospective
studies to evaluate the female genital tract microbiota,
especially for medically-assisted fertilization.

Conclusion

In this review, we explored state-of-the-art research
regarding the microbiome and infertility in Italy without taking
into consideration other European studies. We researched how
each genital trait has been explored in the literature regarding
our topic. From this, it emerged that the best-known genital
tracts are the vagina and the endometrium, while little is
known about the other tracts.
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