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Abstract: Background/Objectives: Infertility is a multifactorial condition influenced by
various factors, including dysbiosis and alterations in the genital tract microbiome. Recent
studies emphasize the microbiome’s significant role in influencing a woman'’s fertility
potential, thereby affecting the chances of spontaneous conception and the outcomes of
assisted reproductive treatments. Understanding the microbial characteristics and unique
features of a healthy genital microbiome, as well as how changes in its composition can
impact fertility, would allow for a more comprehensive and personalized approach to
managing assisted reproductive treatments. The microbiome also influences pregnancy
outcomes, and restoring its balance has been shown to improve fertility in infertile couples.
The human microbiome plays a key role in maintaining the body’s overall health. Disrup-
tions in microbiome balance among women of reproductive age can contribute to a range
of pregnancy-related complications, with notable consequences for both maternal and fetal
well-being. Emerging research has highlighted a connection between the reproductive tract
microbiome and outcomes of assisted reproductive technologies (ART), suggesting that
re-establishing a healthy microbial environment may enhance fertility in couples facing
infertility. Methods: We conducted a search on PubMed using the keywords “microbiome”,
“infertility”, and “ART” over the past 10 years. This article aims to provide an updated
overview of the role of the microbiome in female reproductive health, with a focus on
its implications for fertility treatment. Results: The microbiome has a significant role in
influencing women’s fertility. Conclusions: Understanding the microbiome’s impact on
fertility and pregnancy outcomes may lead to more effective and personalized approaches
in fertility treatments, improving the chances of successful conception and pregnancy.

Keywords: microbiome; maternal health; human fertility; infertility; assisted reproductive
technology

1. Introduction

The human body is colonized by billions of microbial agents, the majority of which
are located in the gastrointestinal system and play a crucial role in human immunity.
Disruption of this microbial flora can lead to what is known as microbial dysbiosis, a
phenomenon that can be a risk factor for various diseases [1].
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There is also the urogenital microbiota, which represents the active microbiota in
female health. Indeed, urogenital dysbiosis often leads to the onset of conditions with a
range of symptoms that can be particularly bothersome for the affected patient. Dysbiosis
of both the female and male microbiota can also influence fertility [2].

In recent years, reproductive health, particularly in women and couples, has garnered
greater attention in the scientific community. There is an increasing demand for reproduc-
tive care and the use of medically assisted procreation techniques. Beyond the specific
individualized treatment offered to couples, more scientific research has focused on the
impact that lifestyle, diet, infections, diseases, and microbial flora can have on fertility [3].

Infertility issues among couples have been rising in recent decades, and the WHO
(World Health Organization) now considers infertility a medical condition, defining it as
the absence of conception after 12 to 24 months of regular, unprotected intercourse [4].
Infertility affects about 10-12% of couples worldwide. This condition can affect the man,
the woman, or both (couple infertility). However, it may also occur that a particular union
between individuals is unable to conceive a life.

The microbiome is regarded as the dynamic set of all pathogenic, commensal, and
symbiotic microorganisms in a specific area of the human body.

Microorganisms, along with their genetic information and the environment in which
they interact, are collectively referred to as “the microbiome” [5].

Previous studies have shown that microbial homeostasis can help maintain health
and well-being, just as dysbiosis can contribute to the development of disease states. In
particular, the genital tract microbiome may play a crucial role in a woman’s fertility status,
embryo implantation, and the maintenance of pregnancy [6-9].

In recent decades, the rise in infertility has led to the growth of medically assisted
procreation techniques, providing hope to many couples facing reproductive challenges.
Recently, numerous studies have compared the characteristics and composition of the
genital microbiome with the outcomes of assisted reproductive technologies (ART) [10].

Gaining a detailed insight into the influence of the microbiome on assisted reproduc-
tive technologies (ART) remains an essential objective in the field. The purpose of our paper
is to review, analyze, and compare the numerous studies and previous works that have
examined the link between the microbiome and infertility and to explore the impact that the
composition of the genital tract microbiota may have on the outcomes of IVF treatments.

2. Materials and Methods

We performed a narrative review of the available scientific literature using the major
databases PubMed and Scopus, focusing on studies published within the last 10 years. The
keywords used included “microbiome infertility”, “microbiome fertility”, and “microbiome
IVE”. After applying these search terms and narrowing the results to publications from
the past decade, 2045 papers were identified. Subsequent filtering by the criteria “English
language articles”, “human species”, “female sex”, and “adult (19+ years)” yielded 171 arti-
cles. Data from these studies were collected, and a manual search of the references within
the selected articles was also performed (Figure 1).

The selected articles were reviewed, and from this pool, we chose the most relevant
studies to our objective. We included references from papers that provided a more in-depth
analysis of the characteristics of a healthy microbiome in both the upper and lower genital
tract, as well as those that examined how changes in this microenvironment can lead to
dysbiosis. We also placed particular emphasis on studies exploring the potential impact of
genital microbiota alterations on IVF success rates and pregnancy outcomes. The purpose

of this study was to review, analyze, and compare the existing literature on the relationship
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between the microbiome and infertility, with particular focus on how the composition of
the genital tract microbiota may influence the outcomes of IVF treatments.
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Figure 1. Prisma flow chart.

3. Results
3.1. Composition and Characteristics of the Genital Microbiome in Women of Childbearing Age

The vaginal microbiome is the collection of microorganisms that inhabit the human
vagina. Like all microbiota, it includes bacteria, fungi, viruses, archaea, and protists, al-
though the composition of microorganisms other than bacteria is not yet fully mapped [1,11].
Unlike the gut microbiome, which is influenced by lifestyle and diet, the vaginal micro-
biome is more strongly influenced by factors such as hormone secretion, sexual activity,
hygiene practices, medications, sleep, genetics, ethnicity, and age [10,11].

In a healthy female vagina, Lactobacillus spp. predominantly colonize the area, starting
from puberty. Specifically, a healthy vaginal microbiome is characterized by an abundance
of Lactobacillus spp. in combination with low microbial diversity, which is associated with
better reproductive outcomes. In contrast, an environment dominated by anaerobic species
(e.g., Gardnerella, Prevotella, and Atopobium) may indicate dysbiosis. Vaginal dysbiosis is a
significant risk factor for early pregnancy loss in patients undergoing assisted reproductive
techniques (ART) [6,11-15].

Hormonal fluctuations during the phases of the menstrual cycle play a key role in
shaping the microbiome. For example, estrogen levels increase during the follicular phase
and reach their peak at ovulation. This rise in estrogen promotes the formation of glycogen
deposits in the vaginal epithelium, thereby facilitating the expansion of Lactobacillus spp.
in the vagina [16]. During pregnancy, the abundance of Lactobacillus species increases,
resulting in a decrease in vaginal microbial diversity. These bacteria produce lactic acid [17],
which contributes to a lower vaginal pH, creating an environment that inhibits the growth
of pathogenic and less beneficial bacterial species [18]. Research has shown that pregnant
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women with higher vaginal microbial diversity face an increased risk of miscarriage and
preterm birth [19]. Conversely, those with a Lactobacillus-dominated microbiota tend to
experience fewer infections and reduced levels of inflammation [20].

Regarding the cervical tract, research has demonstrated the dominance of Lactobacil-
lus (e.g., L. crispatus and L. iners) in 12 out of 13 cervical samples from healthy women
and a strong correlation in the microbiome composition between vaginal, cervical, and
endometrial samples from the same individual [21,22].

These findings, along with others, suggest that the microbiome undergoes progressive
changes from the lower genital tract (LGT) to the upper genital tract (UGT), with a lower
proportion of Lactobacillus spp. in the UGT compared to the LGT. In 2017, a research group
demonstrated that cervical mucus samples showed a dominance of Lactobacillus spp. in the
cervix [21-23].

Pelzer et al. demonstrated that Lactobacillus spp. was the most prevalent genus in
endocervical samples, followed by Gardnerella spp., Veillonella spp., Prevotella spp., Sneathia
spp., and Fusobacterium spp. [21,24].

Another study examining cervical samples reported Acinetobacter as the dominant
genus (49%), followed by Pseudomonas, Cloacibacterium, and Lactobacillus [21,25].

In the past, before the introduction of next-generation sequencing, the uterine cavity
was thought to be aseptic. Nowadays, it has become possible to describe microbial com-
munities within the uterine cavity, though their origin remains unclear. It is hypothesized
that uterine colonization may occur via the gut, oral cavity, bloodstream, and vaginal up-
welling [26,27]. Extensive studies comparing differences and characteristics of the microbial
flora of the lower genital tract and the uterine cavity have shown a more sparsely populated
but more diverse bacterial flora in the upper genital tract [23].

The characteristics of the genital microbial flora of healthy women have been explored
and described in several papers, where a preponderance of lactobacilli in a healthy micro-
biome is confirmed. In a research study, the microbiome of 58 women who had undergone
hysterectomy for non-oncological reasons was analyzed using endometrial swabs; it was
found that 95% of the patients had an abundant percentage in the UGT microbiome of the
following bacteria: L. iners, Prevotella spp., and L. crispatus [27,28].

Endometrial fluid samples from 13 fertile women were examined; again, the domi-
nance of lactobacilli was reconfirmed. Consequently, it is possible to describe two types
of bacterial compositions at the endometrial level: Lactobacillus-dominant (LD), with
lactobacilli accounting for at least 90% of the microbiome, or non-Lactobacillus-dominant
(NLD), with lactobacilli present for less than 90% of the flora. Other microorganisms
often found in endometrial fluid samples are Bifidobacterium, Gardnerella, Prevotella, and
Streptococcus [27,29].

In general, more than 20 species of Lactobacillus have been identified in the genital
tract environment. Lactobacillus spp. account for 90-95% of the total bacterial population
in the reproductive tract, with four numerically dominant species: Lactobacillus crispatus,
Lactobacillus iners, Lactobacillus jensenii, and Lactobacillus gasseri [30-33].

Lactobacilli in the female genital tract help maintain a favorable environment for
embryo implantation through the production of lactic acid, hydrogen peroxide, bacteriocins,
hydroxyl radicals, and probiotics [30-33].

Another study pointed out that Lactobacillus was the preponderant genus in both
endometrial tissue and endometrial fluid, while other bacteria, e.g., Anaerococcus, Atopo-
bium, Bifidobacterium, and Gardnerella, were present in smaller amounts [27,34].
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3.2. Impact of the Genital Tract Microbiome on Infertility

Bacterial vaginosis is one of the most common gynecological pathological conditions
and is among the leading reasons for seeking gynecological examinations in developed
countries. It is characterized by an altered microbial flora, resulting in an increase in
Gardnerella vaginalis at the expense of Lactobacilli. Bacterial vaginosis is associated with
conditions such as endometritis, infertility, and pelvic inflammatory disease [8]. Despite
being referred to as “bacterial vaginosis”, this condition affects both the lower and upper
genital tracts [30,35].

The microbiome of patients undergoing IVF cycles has been studied, and it was found
that approximately 40 percent of patients undergoing medically assisted reproduction
techniques exhibited altered vaginal microbial flora [30,36,37].

In 1955, Gardner and Dukes identified Gardnerella vaginalis as one of the primary
microorganisms responsible for bacterial vaginosis, initially naming it Haemophilus vaginalis.
Bacterial vaginosis is a polymicrobial disease caused not only by Gardnerella vaginalis but
also by other anaerobic bacteria that produce biofilms. Early diagnosis of this condition
is crucial to prevent significant sequelae. The Amsel criteria, published in 1983, are still
widely used for diagnosing bacterial vaginosis [30,38—41]. To diagnose bacterial vaginosis
using the Amsel criteria, at least three of the following four conditions must be met:

1.  Homogeneous, thin, grayish-white vaginal discharge: The discharge should be thin
and uniform in appearance, often with an off-white or grayish color.

2. pH of the vaginal discharge > 4.5: Normal vaginal pH is typically between 3.8 and 4.5,
and a pH greater than 4.5 is indicative of bacterial vaginosis.

3. Positive “whift” test: A strong, fishy odor is released when a small amount of vaginal
discharge is mixed with 10% potassium hydroxide (KOH). This odor is due to the
production of amines by the anaerobic bacteria associated with BV.

4. Clue cells on wet mount: Clue cells are vaginal epithelial cells that are covered
with bacteria, making the borders of the cells appear fuzzy or “clue-like” under a
microscope [40,41].

Other studies have determined that the essential factors for the presence of BV are a
lack of H202-producing lactobacilli associated with overgrowth of Gardnerella vaginalis and
other anaerobic Gram-negative bacteria and anaerobic Gram-positive cocci [42].

Beyond the individual microbial species that populate the genital microbiome, the
relative abundance of the various species is crucial.

In the past, Gardner and Duke demonstrated that a reduction in the percentage of
lactobacilli, in favor of an increase in the relative abundance of Gardnerella and other
anaerobes, promotes the occurrence of disease states.

More recently, 165 rRNA sequencing of isolates from BV patients has revealed extraor-
dinary diversity among the species in the patients’ flora. This has led to the understanding
that it is not a single pathogen responsible for the disease state but rather that BV is defined
as an “ecological disorder of the vaginal microbiome” [43].

The biofilm of BV primarily includes Gardnerella vaginalis and Atopobium vaginae, with
lower concentrations of lactobacilli [44,45].

Neither the immune system nor antibiotics can eradicate all pathogenic microorgan-
isms responsible for BV, meaning that such infectious disease states can become persistent
and have a high probability of recurrence. This can negatively impact efforts to achieve
pregnancy and lead to increased reliance on IVF techniques [45,46].

3.3. Impact of Genital Tract Microbiome on Assisted Reproductive Technology

There has been considerable research, particularly in recent years, exploring the
correlations between the microbiome of the female reproductive system and the impact of
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the microbial flora composition on IVF outcomes. Studies examining the role of microbiome
composition in assisted reproduction suggest that colonization of the transfer catheter tip
with Lactobacillus crispatus at the time of embryo transfer may increase implantation and
live birth rates.

Conversely, it has been shown that a progesterone-resistant endometrium can result
in an altered vaginal microbiome [30].

Last year, a study conducted by Weijue Su et al. compared 165 rRNA gene sequencing
and metagenomic analysis of reproductive tracts using QIIME2 and HUMAnNN2, investi-
gating the timing of embryo implantation failure in 239 infertile patients and 17 healthy
women [47]. This study found a significant correlation between the abundance of lacto-
bacilli and successful embryo implantation (IS) after in vitro fertilization [48]. Functional
metagenomic analysis of vaginal samples from infertile patients revealed, compared to
healthy controls, increased vaginal pH and a decreased lactobacilli population. These find-
ings once again underscore the correlation between microbiome composition—particularly
the abundance of lactobacilli—and fertility or IVF success [47].

In 2018, Koedooder et al. conducted a prospective study involving 300 women of
reproductive age who were candidates for in vitro fertilization [49]. Prior to starting the
treatment, these women provided midstream urine samples and vaginal swabs. The
urinary and vaginal microbiomes were analyzed using both next-generation sequencing
(NGS) and IS-pro techniques. The primary endpoint of the study was the achievement of
pregnancies after fresh embryo transfer. Based on the microbiome composition, the women
were divided into two clusters: pregnant and non-pregnant women. The bacterial species
that dominated in predicting pregnancy outcomes were identified and used to create a
predictive algorithm. The test panel showed a specificity of 96% and a sensitivity of 81%.

The authors of the study note that the predictive species identified have yet to be
confirmed in an independent study. The most significant finding of this predictive test is its
high specificity, which suggests that it may be useful in predicting cases where pregnancy
is unlikely following treatment. In the future, this could help identify women who should
not undergo IVF treatment due to a high probability of not becoming pregnant. To explain
the results of the study, it was hypothesized that the microbiome might act as a sensor for
the immunological tolerance within the secretory epithelia of individual women [49].

Another hypothesis is that fertility-positive bacterial species may sustain the nutri-
tional environment within epithelial secretions, which could be important for the initial
survival of the embryo after transfer to the uterus [50,51].

Koedooder et al.’s study, along with other research papers [52,53], reaffirms the role of
Lactobacillus in reproductive health and outcomes. Recent studies have shown that infertile
women have fewer Lactobacillus species compared to fertile women [53,54]. In addition,
a microbiome characterized by the prevalence of species other than lactobacilli (such as
Gardnerella and Streptococcus) appears to be significantly associated with lower rates of
implantation, ongoing pregnancy, and live birth [29,52,55].

A cohort of 31 patients undergoing assisted reproductive therapy (ART) with either
their own or donated gametes, followed by the cryotransfer of a single euploid blastocyst,
was examined. Two vaginal swabs were collected from each participant immediately prior
to embryo transfer [56]. To assess the composition of the vaginal microbiota, the V3-V4
region of the 16S rRNA gene was sequenced, and the data were processed using QIIME2,
Bioconductor Phyloseq, and MicrobiomeAnalyst tools. Of the total group, 14 women
(45.2%) did not achieve pregnancy, whereas 17 (54.8%) successfully conceived. The vaginal
microbiota of women who became pregnant showed a greater prevalence of Lactobacillus
species. Cluster analysis identified two main groups: the first group included the genera
Lactobacillus, Gardnerella, Clostridium, Staphylococcus, and Dialister, while the second group
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consisted of all other genera. In women who achieved pregnancy, microorganisms from
the first cluster were predominantly detected [56].

In 2019, Hashimoto et al. studied pregnancy outcomes by comparing women with an
endometrium exhibiting a healthy microbial composition (eubiotic) to those with an en-
dometrium characterized by dysbiosis, aiming to identify which microbial composition was
most conducive to embryo implantation [57]. The endometrial microbiome of 99 patients
under the age of 40 undergoing blastocyst transfer was analyzed. Endometrial samples
were collected at the time of transfer, and bacterial profiles were analyzed, focusing on the
relative abundance of bacteria, particularly lactobacilli. Thirty-one patients (31.3%) had
a dysbiotic endometrium. The background profiles, pregnancy rates per transfer (52.9%
vs. 54.8%), and miscarriage rates (11.1% vs. 5.9%) were comparable between patients with
eubiotic or dysbiotic endometria. The main bacterial genera found in the dysbiotic en-
dometrium, other than Lactobacillus, included Atopobium, Gardnerella, and Streptococcus. In
this study, the endometrial bacterial profiles of pregnant women with dysbiotic endometria
were similar to those of non-pregnant women [57].

An interesting study investigated the link between the endometrial microbiome and
recurrent implantation failure (RIF) [58], given that chronic endometritis is already known
to be associated with poor implantation outcomes. Patients with recurrent implantation
failure, both with and without chronic endometritis, were enrolled, and cervical and
endometrial samples were collected for 165 rRNA gene sequencing. The endometrial
microbiota of patients with chronic endometritis showed greater diversity compared to
those without endometritis. Linear discriminant analysis (LDA) identified Proteobacteria,
Aminicenantales, and Chloroflexaceae as characteristic of chronic endometritis, while the pres-
ence of Lactobacillus, Acinetobacter, Herbaspirillum, Ralstonia, Shewanella, and Micrococcaceae
was correlated with cases without chronic endometritis. Associations between chronic
endometritis, adverse reproductive outcomes, and the predominance of certain bacterial
species were also demonstrated in this and other studies [59]. Patients with recurrent im-
plantation failure and chronic endometritis exhibited an endometrial microbial composition
associated with poorer reproductive outcomes. Increased microbial diversity and changes
in metabolic pathways in patients with chronic endometritis suggest a potential correlation
with reproductive outcomes, although further investigation is needed to clarify the causal
link between microbiome alterations and fertility [58].

In the future, modulation of the endometrial microbiome and targeted treatments for
endometrial dysbiosis could represent new strategies to improve pregnancy outcomes in
IVF pathways for patients suffering from chronic endometritis.

As discussed in previous sections, bacterial vaginosis (BV) is a common condition of
the female genital tract, with a prevalence of approximately 19% in infertile women. BV
is often subclinical and characterized by changes in the vaginal microbial composition,
shifting from a predominance of Lactobacillus spp. to a more heterogeneous environment
with anaerobic bacteria, such as Gardnerella vaginalis and Atopobium vaginae. Several studies
have suggested that BV negatively impacts fecundity.

A prospective study by Haahr et al. highlighted how the vaginal microbiome of
patients undergoing IVF can be analyzed using qPCR tests, which may become promising
tools in the future for diagnosing vaginal dysbiosis and predicting clinical pregnancy out-
comes in IVF treatment [52]. This study involved 130 infertile patients, 90% of whom were
Caucasian, who underwent fertility treatment at two different Danish clinics from April to
December 2014. Samples were obtained from the posterior vaginal fornix of these women
via vaginal swabbing. Gram-stained slides were evaluated according to Nugent'’s criteria.
PCR primers were used to target four common Lactobacillus spp., Gardnerella vaginalis, and
Atopobium vaginae. Threshold levels were established using ROC curve analysis.
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The prevalence of bacterial vaginosis, defined by Nugent score [41], was 21% (27/130),
while the prevalence of an altered vaginal microbiota, defined by qPCR with high concen-
trations of Gardnerella vaginalis and/or Atopobium vaginae, was 28% (36/130). The qPCR
diagnostic approach demonstrated a sensitivity and specificity of 93% each for diagnosing
BV, as defined by Nugent’s criteria. Of the 84 patients who completed IVF treatment, the
overall clinical pregnancy rate was 35% (29/84). This study found that only 9% (2/22) of
infertile women with abnormal vaginal microbiota, defined by qPCR, achieved a clinical
pregnancy [52].

Therefore, both endometrial microbial composition and vaginal dysbiosis can nega-
tively impact the likelihood of positive clinical pregnancy outcomes in patients undergoing
IVE. If the negative correlation between an altered vaginal microbiome and clinical preg-
nancy rates is definitively confirmed, infertile women suffering from this condition could
be screened and treated for dysbiosis before beginning fertility treatments.

A very recent study (March 2025) compared the vaginal microbiome of two types of
infertile women undergoing IVF—those with polycystic ovary syndrome (PCOS) and those
with tubal factor infertility (TFI)—with normal control women during the implantation pe-
riod [60]. This study investigated the impact of different vaginal microbiome compositions
on fertility treatment outcomes. Vaginal swabs were collected from IVF patients (n = 85)
prior to embryo transfer and from normal control women (n = 37) during the 6-8 days
following ovulation detection. The results revealed significant differences in the vaginal
microbial composition between infertile women with PCOS and TFI undergoing IVFE.

The study showed a greater predominance of Lactobacillus iners in the non-pregnant
group compared to the pregnant group. Additionally, Pseudomonas spp. were more abun-
dant in both non-pregnant groups of infertile women [60].

Once again, scientific findings suggest that the composition of the vaginal microbiota,
and the female reproductive tract in general, impacts IVF outcomes. The preponderance of
Lactobacillus iners before embryo transfer may indicate a higher likelihood of IVF failure,
while the presence of Pseudomonas spp. in the vagina could be an adverse factor for
achieving pregnancy.

In 2020, a research group analyzed the vaginal microbiota and metabolomes of patients
with unexplained recurrent implantation failure (RIF), while women who achieved clinical
pregnancy in the first frozen embryo transfer (FET) cycle were used as controls [61]. The
study focused on 16S rRNA gene sequencing of the vaginal microbiome. The results
revealed a significant positive correlation between vaginal Lactobacillus and pregnancy
rate, with patients affected by recurrent implantation failure exhibiting greater microbial
diversity than the control group. The metabolomic profile identified 2507 metabolites,
of which 37 were significantly different between the two groups. Among these, cyclic
2/,3-UMP and inositol phosphate were found to be the most abundant metabolites in
the RIF group, while glycerophospholipids and benzopyran were the lowest metabolites
in the RIF group. Benzopyran, as a selective modulator of the estrogen receptor, may
influence pregnancy outcomes. These changes in metabolite profiles are likely attributed
to the different microbial compositions observed in RIF patients. Furthermore, significant
differences in both the vaginal microbiome and metabolomes were demonstrated between
patients with unexplained RIF and women who achieved pregnancy in the first FET
cycle [61].

In May 2019, another study involving 120 female patients enrolled in IVF treatment
was published [62]. Vaginal samples from these patients were sequenced using the V4
region of the 16S ribosomal RNA gene, with genomic clades of Gardnerella vaginalis be-
ing clustered. The composition of the altered vaginal microbiome was assessed using
microscopy and quantitative polymerase chain reaction (QPCR), targeting Gardnerella vagi-
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nalis and / or Atopobium vaginae above defined threshold levels. Three primary microbial
community profiles were identified: one dominated by Lactobacillus crispatus, another
by Lactobacillus iners, and a mixed or diverse community type marked by high levels of
both L. crispatus and L. iners, along with commonly shared operational taxonomic units
(OTUs). While no statistically significant link was found between these community types
and reproductive outcomes, the findings suggested that 16S rRNA gene sequencing did not
offer greater predictive accuracy than qPCR. Given its lower cost and practical applicability,
qPCR may be a preferable tool for assessing the risk of negative reproductive outcomes in
IVEF patients [62].

4. Discussion

By analyzing and delving into the various studies conducted in recent years to establish
an association between the vaginal microbiome and infertility, we have gained insight into
how an altered microbial flora, whether in terms of species or their relative abundance, can
contribute to the onset of subfertility or infertility in women.

A healthy genital microbial flora is predominantly composed of lactobacilli, which,
through the production of lactic acid, create an unfavorable environment for the growth of
pathogenic bacteria and reduce the likelihood of infections. Additionally, a genital tract rich
in lactobacilli is associated with a lower risk of miscarriage and preterm birth. Lactobacilli
also play a key role in creating a favorable environment for embryo implantation by
producing lactic acid, hydrogen peroxide, bacteriocins, hydroxyl radicals, and probiotics.

Bacterial vaginosis (BV), one of the most common conditions affecting the female
genital system, is characterized by an altered microbial flora that results in an increase
in Gardnerella vaginalis at the expense of Lactobacilli. BV is associated with endometritis,
infertility, and pelvic inflammatory disease. It has been found that approximately 40 percent
of infertile patients undergoing IVF have an altered genital microbiome.

Modern techniques, such as next-generation sequencing (NGS) [63] and 165 RNA
sequencing, have been pivotal in advancing our understanding of the microbiome and its
relationship to infertility. These technologies have provided valuable insights into how the
microbiome influences reproductive health [64,65].

Various approaches have been used to connect the microbiome with IVF techniques.
For instance, the tip of the embryo transfer catheter has been analyzed from a bacteriologi-
cal perspective. Attention has also been given to the correlation between the presence of
lactobacilli and embryo implantation success rates. Not only vaginal and cervical samples,
but also urine samples, have been processed to better characterize the female genitouri-
nary environment.

It is clear that a higher proportion of lactobacilli in the vaginal microbiome is a positive
factor for the potential success of IVF, particularly embryo transfer. Ensuring the treatment
of any dysbiosis and optimizing the vaginal, cervical, and endometrial environment should
be a primary goal when preparing women for IVF treatments.

Deepening the study of the composition of vaginal microbial flora in women undergo-
ing therapeutic IVF pathways could have significant implications in clinical practice in the
near future. Cases of couple infertility often classified as idiopathic could be used to find
a diagnostic definition through confirmation of a microbial alteration of the genital tract.
In addition, it would be useful in connection with the study of the genital microbiome to
formulate personalized treatment protocols in the case of dysbiosis or frankly pathological
situations in order to promote not only conception and embryo implantation but also a
smooth course of pregnancy. It might be useful to systematically study the microbiome of
women, particularly those with idiopathic infertility, repeated miscarriages, and numerous
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failures of medically assisted procreation techniques, in order to provide a diagnostic
answer to the problem of many couples and improve outcomes following embryo transfer.

Looking ahead, it may be possible to develop algorithms that, through accurate
analysis of the microbial composition of both the upper and lower genital tracts, could
predict the success or failure of IVF techniques. Our hope is that science will continue to
advance in further elucidating the relationship between the female genital microbiome,
fertility, and the outcomes of assisted reproductive technologies.

We hope that in the future, with the help of new technologies and artificial intelli-
gence [63,66-69], it will be possible to systematically analyze the genital microbiome of
a woman undergoing IVF treatment in order to identify and treat those factors that may
hinder the achievement of pregnancy.

5. Limitations

One of the limitations of this review concerns its exclusive focus on the female mi-
crobiome, which led to the exclusion of literature related to the male microbiome, despite
it being briefly mentioned in the Introduction. This choice was guided by the specific
objective of the study, as outlined in the inclusion and exclusion criteria; however, it still
represents a methodological limitation, as we acknowledge that it may not provide a
complete and bilateral view of microbiotic interactions within infertile couples.

It should be noted, however, that based on a brief search of the databases used,
scientific literature on the male microbiome remains underrepresented and less developed
compared to that on the female counterpart. The available studies are limited both in
number and methodological quality, making it difficult, in our opinion, to draw solid
conclusions about the impact of the male microbiome on fertility and the outcomes of
assisted reproductive technologies.

This gap highlights the need for future research that includes both partners, within a
more integrated and systemic perspective of couple fertility—an aspect we will certainly
aim to explore in future studies.
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