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1. Introduction

In recent decades, a focus of research in public health and 
translational medicine has been the human microbiome. 
Billions of microorganisms, including bacteria, archaea, 
fungi, and viruses, colonize the human body, affecting 
various aspects of human health such as growth, 
digestion, nutrient absorption, immune regulation, and 
metabolism (1,2). Imbalances in human microorganisms 
have been linked to diseases including dental caries, 
malnutrition, gastrointestinal ulcers, diabetes, cancer, 
depression, allergic asthma, and autoimmune diseases 
(3). Over the past two decades, the human microbiome 
has become a focus of research in public health and 
translational medicine. With advances in next-generation 
sequencing technology and related bioinformatic tools, 
the US and Europe conducted the Human Microbiome 
Project (HMP) and the Human Intestinal Tract (MetaHIT). 
These two large-scale human microbiome-related studies 
have brought about major advances in the entire field.
 The intestinal and female genital tract (FGT) harbor 

stable microbial communities. The FGT, encompassing 
the vagina, cervix, endometrium, fallopian tubes, and 
ovaries, possesses a distinct microbiome, constituting 
around 9% of the total bacterial count in women (4). 
However, the FGT is not static, but rather a dynamically 
balanced ecosystem affected by factors including age, 
lifestyle, hormone levels, and environmental influences 
(5). The human symbiotic microbiota, exemplified by 
the gut microbiota, is often referred to as the "second 
genome" of the human body and is closely connected 
to female reproductive diseases. The gut microbiome 
is considered an extended endocrine organ, crucial in 
the reproductive endocrine system, interacting with 
hormones like estrogen and androgens throughout a 
woman's life (6). Disruptions to this microbiome, such 
as through epigenetic modifications, nervous system 
changes, and metabolic imbalances, can interfere with 
zygote formation, hinder embryo implantation and 
development, and increase susceptibility to diseases 
(7), significantly impairing reproductive capacity and 
pregnancy. Imbalances in the FGT and gut microbiome 
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Microorganisms are ubiquitous in the human body; they are present in various areas including the gut, 
mouth, skin, respiratory tract, and reproductive tract. The interaction between the microbiome and 
reproductive health has become an increasingly compelling area of study. Disruption of the female 
genital tract microbiome can significantly impact the metabolism of amino acids, carbohydrates, and 
lipids, increasing susceptibility to reproductive tract diseases such as vaginitis, chronic endometritis, 
endometrial polyps, endometriosis, and polycystic ovary syndrome. The gut microbiome, considered 
an endocrine organ, plays a crucial role in the reproductive endocrine system by interacting with 
hormones like estrogen and androgens. Imbalances in the gut microbiome composition can lead to 
various diseases and conditions, including polycystic ovary syndrome, endometriosis, and cancer, 
although research on their mechanisms remains limited. This review highlights the latest advancements 
in understanding the female genital tract and gut microbiomes in gynecological diseases. It also 
explores the potential of microbial communities in the treatment of reproductive diseases. Future 
research should focus on identifying the molecular mechanisms underlying the association between the 
microbiome and reproductive diseases to develop new and effective strategies for disease prevention, 
diagnosis, and treatment related to female reproductive organs.
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composition can lead to the onset of reproductive-related 
diseases, including vaginitis, polycystic ovary syndrome 
(PCOS), endometriosis (EMs), chronic endometritis 
(CE), and endometrial polyps (EPs) (8,9).
 This review delves into the interaction between 
the FGT and gut microbiome. It also examines the 
link between microbiome imbalance and reproductive 
diseases, emphasizing potential pathogenesis and 
therapeutic applications.

2. Characteristics of female microbiome

2.1. Female reproductive tract microbiome

The FGT consists of the upper genital tract (UGT), 
consisting of the fallopian tubes, ovaries, uterus, 
and endocervix, and the lower genital tract (LGT), 
consisting of the ectocervix and vagina. The use of high-
throughput sequencing technology has provided deeper 
insights into the distribution of the FGT microbiome. 
In comparison to the LGT, the UGT exhibits lower 
bacterial density but higher diversity. Both domestic and 
international studies have indicated that the colonization 
of bacterial communities in the lower third of the 
vagina, posterior fornix, cervix, uterine cavity, fallopian 
tubes, and peritoneum in women of childbearing age 
undergoes continuous changes. Samples taken from 
various parts of the vagina and cervix have shown low 
species diversity, with Lactobacillus dominating (10). 
However, the FGT is highly dynamic and influenced by 
factors such as age, lifestyle, hormone levels, and the 
menstrual cycle (Figure 1).

2.1.1. Vaginal-cervical microbiome

The composition of the vaginal microbiome is closely 

related to reproductive health. In 2011, Ravel et al. (11) 
used 16srRNA sequencing technology to classify the 
community status types (CST) in the vagina of healthy 
women into five types based on the dominant species 
and pH level of Lactobacillus. CST-I, CST-II, CST-III, 
and CST-V involve the dominant species Lactobacillus 
crispatus (26.2%), L. gasseri (6.3%), L. iners (34.1%) 
and L. jensenii (5.3%), respectively. The abundance of 
Lactobacillus in CST-IV is low, while the abundance 
of specific anaerobic bacteria (Dialister, Prevotella, 
Atopobium, Gardnerella, and Sneathia) is high. A recent 
study based on a large sample dataset subsequently 
subdivided CST-IV into 7 subtypes, dominated by 
different non-lactobacilli species (12). This indicated that 
Streptococcus vaginalis may produce other end products 
of fermentation in the vagina and not just lactic acid as 
traditionally thought, and it may be related to elevated 
vaginal PH. Some studies have shown that CST-I tends to 
be the most stable, while CST-IV is prone to change. The 
vaginal microbiota dominated by L. crispatus is more 
likely to first transform into the vaginal microbiome 
dominated by L. iners or mixed Lactobacillus, rather 
than directly transitioning to complete dysregulation of 
the microbiome (13,14). Vaginal microorganisms interact 
with each other and are regulated by the host organism, 
which in turn regulates the host's local immune 
function. Some microorganisms interact with the host 
genome to maintain a relatively independent ecological 
environment (15). The female vaginal microbiome is 
dynamically changing due to multiple factors. At present, 
menstruation is generally believed to lead to changes in 
certain CST types, but the change in individual microbial 
community types does not necessarily accompany an 
increase in bacterial diversity (16). Srinivasan et al. (17) 
reported that during menstruation, the abundance of 
Gardnerella and L. iners in the vagina increased in 81% 

459

Figure 1. Female reproductive tract microbiome. The upper genital tract (UGT) consists of the fallopian tubes, ovaries, uterus, and endocervix, 
while the lower genital tract (LGT) consists of the ectocervix and vagina. Compared to the LGT, the UGT exhibits less bacterial density but 
higher diversity. The FGT can be influenced by various factors, including age, lifestyle, hormone levels, and the menstrual cycle.
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of cervical lesions by promoting inflammation and 
disrupting the cervical mucus barrier (28-30).

2.1.2. Endometrial microbiome

The endometrium plays a crucial role in female 
reproductive function. Despite the conventional belief 
that the uterus is a sterile environment, the endometrium 
has a unique microbial community (31). The bacterial 
load in the uterus is estimated to be 100 to 10,000 times 
less than that in the vaginal microbiome (32). Given the 
inertia but differences in the composition of endometrial 
and vaginal microbiota, the source of the endometrial 
microbiota is still controversial. Some researchers 
believe that microorganisms colonize the uterus through 
the vagina and cervix, but the vaginal microbiota is not a 
persistent source of endometrial microbiota and may be 
influenced by multiple factors (33). Another hypothesis 
suggests that uterine microbiota colonization involves 
multiple pathways such as gastrointestinal microbiota 
migration and blood transmission of respiratory and oral 
bacteria (34).
 Thus far, most studies have reported that the uterine 
microbiota mainly consists of Lactobacilli (35,36). 
However, results of different studies in terms of the 
composition of the uterine microbiota are not consistent. 
Moreno et al. (36) found that Lactobacillus still accounts 
for the highest proportion (30.6%) in the endometrial 
microbiota and that there are also bacterial genera such 
as Bifidobacterium, Gardnerella, Macrosporidium, 
Prevotella, and Streptococcus. This is similar to the 
conclusions of Mitchell et al. (37), which found that the 
most common bacteria species in the uterine cavity were 
L. iners, and that Gardnerella, Bacillus mirabilis, and L. 
plantarum were detected in more than 40% of subjects. 
In contrast, Chen et al. (38) contends that the biomass 
of lactic acid bacteria is 1,000 times lower than that of 
the vagina and no longer dominates the endometrial 
environment, with Pseudomonas spp., Acinetobacter 
spp., Vaginococcus spp., and Sphingobium spp. being 
important components. Numerous studies have also 
shown that differences in the uterine microbiome may 
be related to different physiological or pathological 
states of the body. In 25 uterine samples from patients 

of subjects, but the abundance of other Lactobacillus 
spp. decreased, and the microbiome gradually returned to 
a stable state before menstruation. Although the altered 
CST pattern has been described during menstruation, 
its relationship to reproductive health has not been fully 
determined. Gajer et al. (18) monitored the dynamic 
changes in the vaginal microbiome in 32 healthy women 
and they found that CST-I and CST-II are relatively 
stable and that the transformation of these two types is 
usually related to menstruation - the transition to CST-
III dominated by L. iners during menstruation, which 
quickly returns to its original state after menstruation. 
The normal vaginal microbiome can prevent urogenital 
tract diseases (such as vaginitis, pelvic inflammatory 
disease, sexually transmitted diseases, and urinary 
tract infections) by sticking to the vaginal epithelium, 
preventing the invasion of pathogenic microorganisms, 
producing H2O2, bacteriocin and biosurfactants to 
maintain the acidic environment in the vagina and other 
mechanisms (Table 1).
 In women of childbearing age, the composition of 
the cervical microbiome is usually similar to that of the 
vaginal microbiome (25). Punzón-Jiménez et al. (9) 
found that Lactobacilli accounted for 97.56% of cervical 
mucus according to qPCR detection, with L. iners and 
L. crispatus being the most abundant species. Pelzer 
et al. (26) reported that the highest content detected 
in cervical specimens is Lactobacillus spp., followed 
by Gardnerella spp., Veillonella spp., Prevotella spp., 
Sneathia spp., or Fusobacterium spp. In recent years, 
research on the cervical microbiome has mainly focused 
on its relationship to cervical cancer. The high diversity 
of species in the cervical microbiome and specific genera 
(such as Gardnerella spp.) are associated with the risk 
of human papilloma virus (HPV) infection in women 
(27). Persistent high-risk HPV infection increases the 
risk of cervical intraepithelial neoplasia (CIN) and even 
cervical cancer. Some taxa are associated with a vaginal 
microbiome imbalance, such as Gardnerella, L. iners, 
Mycoplasma, Sneathia, and Fusobacterium. These are 
reported to be risk factors for CIN and cervical cancer, 
inducing Toll like receptor 4 signaling, NF-κB activation 
and upregulation of pro-inflammatory cytokines (such 
as γ-interferon and IL-1), promoting the progression 

Table 1. Types of vaginal microbiomes and the possible mechanisms by which they prevent reproductive and urinary 
diseases

CST

I
II
III

IV A

IV B

V

Vaginal PH

4.0 ± 0.3
5.0
4.4

5.3 ± 0.6

4.4

Role in reproductive diseases

Possible mechanisms for preventing reproductive and urinary diseases:
Adhere to vaginal epithelium to prevent the invasion of pathogenic 
microorganisms
Produce H2O2, bacteriocins, and biosurfactants to maintain an acidic 
environment in the vagina
Activates the NF- κB cascade
Adhesins that promote epithelial colonization
Produce hemolysin to promote cytotoxicity

Dominant species

L. crispatus
L. gasseri
L. iners

Gardnerella Atopotella 
Campylobacter
Atopobium Bifidobacteria 
Prevotella
L. jensenii

References

(11,12,17)
(12,17)
(17-19)

(20-22)

(23,24)
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undergoing a hysterectomy for uterine fibroids, Winters 
et al. (39) found that the endometrial microbiome mainly 
consisted of Acinetobacter, Clostridium, Pleuromonas, 
and Pseudomonas.

2.1.3. Ovarian and fallopian tubal microbiome

The human ovaries and fallopian tubes are not always 
sterile and can be colonized by microorganisms (30). 
A study reported that 34.4% of women have microbial 
colonization in the follicular fluid (FF) (40). Previous 
studies have also reported that in infertile women, 
FF colonization rates range from 24% to 37%, with 
colonization rates of 40% and 32% in the left and right 
ovaries, respectively (41). Pelzer et al. (42) conducted 
a microbial culture of the FF obtained from 71 women 
undergoing sssisted reproductive technology (ART) 
during embryo retrieval and found microbial colonization 
in the FF, including L. iners, Actinomyces spp., 
Corynebacterium aurimucosum, Fusobacterium spp., 
Peptoniphilus accharolyticus, Peptostreptococcus spp., 
Propionibacterium spp., Puccinia, Staphylococcus, and 
Candida parapsilosis.
 Pelzer et al. used a microbial culture and NGS 
technology to analyze 16 female fallopian tube samples 
and confirmed that there was microbial colonization 
in the female fallopian tubes mainly consisting 
of Staphylococcus spp., Enterococcus spp., and 
Lactobacillus (43). Other common bacteria include 
Pseudomonas, Burkholderia spp., and Propionibacterium 
spp.. The right fallopian tube mainly has Staphylococcus, 
and the left fallopian tube mainly has Lactobacillus, 
Enterococcus, and Pasteurella (43). In analyzing the 
microbial community of fallopian tubes in patients 
with chronic salpingitis, Wang et al. (44) found that 
samples with salpingitis fluid contained a more abundant 
microbial composition, while samples with salpingitis pus 
were more likely to exhibit a single dominant bacterium. 
A study on laparoscopic examinations of 26 patients with 
acute salpingitis showed that gonococci were isolated 
from the fallopian tubes of 19% of patients, and 38% of 
patients had aerobic and/or anaerobic bacteria present in 
the fallopian tubes (45). Understanding the composition 
of these microbial communities may help propose 
alternative treatment options for patients undergoing 
salpingectomy due to certain pathological conditions.

2.1.4. FGT microbiome throughout the entire lifecycle

The reproductive tract microbiome of an individual 
undergoes changes throughout its lifetime, and especially 
during infancy, and then changes again in old age. Due 
to the presence of microbial colonization in the uterine 
cavity, the maternal microbiome has been assumed to 
be the main contributor to provide microbial strains to 
newborns through vertical transmission (46). The vaginal 
microbiome of newborns born naturally is similar to 

that of the mother, but colonies of microorganisms 
are only temporary, and the infant continues to obtain 
microorganisms from different maternal sources after 
birth (47). Many studies on the transmission of maternal 
microbiota have focused on the gut, skin, or oral 
microbiota of newborns (47,48). Because the pH level of 
the infant's vagina is neutral or alkaline and there is a lack 
of Lactobacilli, any microorganisms that are transferred 
at birth cannot survive (49). Only in early adolescence do 
common species in the vaginal microbiome of women 
of childbearing age (such as L. crispatus, L. iners, and 
Gardnerella) dominate the vaginal microbiome (50). 
Throughout a woman's life, the vaginal microbiota is not 
always dominated by Lactobacilli. During childhood, 
anaerobic bacteria and Escherichia coli dominate. After 
puberty, the increase in estrogen leads to the production 
and accumulation of glycogen, allowing Lactobacillus to 
maintain a dominant position in women of reproductive 
age. During the perimenopausal period, the proportion 
of Lactobacilli decreases again due to the decrease in 
endogenous estrogen. The vaginal microbiome in the 
premenopausal and perimenopausal stages consists of 
Firmicutes, while the postmenopausal stage is dominated 
by Aspergillus, Anaplasma, and Actinobacteria (51). A 
cross-sectional study (52) involving 70 patients showed 
that in the vaginal microbiome of premenopausal 
women, Lactobacilli accounted for 71.98%, and non-
optimal microbiome accounted for 16.87%, while in 
postmenopausal women those proportions were 10.08% 
and 26.78%, respectively. The proportion of lactic acid 
bacteria in postmenopausal women is significantly low, 
while microbial diversity and vaginal pH are significantly 
high. A study has shown that Lactobacillus levels and 
lower vaginal pH levels can be maintained in women 
who receive hormone replacement therapy during 
perimenopause (4). In addition to age and hormone 
levels, the composition of the vaginal microbiome is also 
influenced by various factors, such as race, gestational 
age, sexual activity, stress, and dietary factors. An 
epidemiological study has shown that the abundance of 
Lactobacillus is related to race; compared to African/
Hispanic women, Caucasian/Asian women have higher 
levels of Lactobacillus (19). A cohort study showed that 
as the gestational age increased, the relative abundance 
of the thick-walled portal increased. In addition, a 
new microbiome (Atopobium, Aerococcus, Gemella, 
Sneathia, Parvimonas, Gardnerella, and Megasphaera) 
was observed in the vaginal microenvironment during 
early pregnancy. By mid-pregnancy, the number of this 
new vaginal microbiota has sharply decreased, replaced 
by abundant Lactobacilli (53).
 Due to the limited availability of upper reproductive 
tract specimens from children and adolescent women, 
the microbial sources and differences between them 
and adult women are still unclear. There are differences 
in the microbiome colonizing the fallopian tubes of 
premenopausal women and postmenopausal women (54), 
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indicating that sex hormones may play a regulatory role 
in the microbiome colonization of the female UGT.

2.2. Gut microbiome

2.2.1. Overview of the gut microbiome

There are approximately 1014 bacterial colonies in the 
human gut, including over 1,000 species of bacteria, 
that can provide various benefits to the host, such 
as enhancing the immune system and supporting 
intestinal function (55). In addition, the gut microbiome 
regulates host metabolism through various pathways 
and it participates in the regulation of the female 
reproductive endocrine system. The gut microbiome 
is dominated by five bacterial phyla: Firmicutes, 
Bacteroidetes, Proteobacteria, Actinobacteria, and 
Verrucomicrobia, accounting for approximately 90% 
of the total gut microbiome (56). Approximately 200 
genera of Firmicutes in the human gut are dominated 
by Clostridium (95%). The Bacteroidetes phylum 
mainly consists of the genera  Bacteroides  and 
Prevotella, while there is relatively small number of the 
Actinobacteria phylum, which mainly manifests as the 
genus Bifidobacterium (57). The relationship between 
the human microbiome and host is a mutual one. The 
composition and functional changes or destruction of gut 
microbiome caused by various factors are related to the 
development and progression of various diseases (58).

2.2.2. Gut microbiome-The foundation of an endocrine 
organ

The gut microbiome is a complex microbial community 
that not only plays a crucial role in gut microecology 
but also has significant impacts on external organs. 
These impacts extend to areas such as the host's 
mental state and neurological function, via the brain-
gut axis, as well as insulin secretion and resistance, 
and participation in processes such as depression, 
autoimmune diseases, and cardiovascular diseases (59). 
The decrease in the abundance of the gut microbiome 
leads to a significant increase in lipopolysaccharides, 
thereby increasing intestinal permeability and activating 
the NF-κB signaling pathway, stimulating the release 
of pro-inflammatory factor tumor necrosis factor 
(TNF)-α, interleukin (IL)-8, and IL-6. Activated c-Jun 
amino terminal kinase and IκB kinase regulate serine 
phosphorylation of insulin receptor substrates, thereby 
inhibiting insulin signaling and leading to insulin 
resistance (IR) (60). The gut microbiome and its 
metabolites can act on TLRs and NLRs in the intestinal 
wall, inducing the production of TNF-α, IL-1, and IL-
6, as well as locally resident and migrating antigen-
presenting cells and circulating adaptive immune 
cells, causing a systemic immune response and trigger 
systemic autoimmune diseases (61). The gut microbiome 

can be viewed as a substantial endocrine organ based on 
a variety of key findings. Evidence of their direct effects 
comes from the ability of their produced and metabolized 
metabolites to reach the circulatory system and impact 
numerous organ and system functions throughout the 
host's body (62). Unlike other endocrine systems or 
organs that typically produce only a small number of 
hormone molecules, the gut microbiome has the potential 
to synthesize hundreds of functional metabolites (63). In 
fact, the complexity of the gut microbiome colonizing 
mammals actually exceeds that of the brain. Moreover, 
many hormones that microorganisms synthesize also 
function as neurotransmitters within the host's central 
nervous system. For example, several Lactobacilli 
synthesize γ-Aminobutyric acid, the most important 
inhibitory transmitter in the brain, while specific bacterial 
strains produce monoamines such as norepinephrine, 
dopamine, and serotonin (64,65). In the reproductive 
endocrine system, the gut microbiome plays an important 
physiological role by complex interaction with insulin, 
estrogen, androgen and other hormones.

2.2.3. Gut microbiome and estrogen regulation

Reproductive hormones play a direct role in regulating 
the reproductive activities of female animals. In 
recent years, many researchers have contended that 
further research on the regulation of reproductive 
microorganisms and sex hormones is needed, while 
the gut microbiome has been proven to have direct or 
indirect regulatory effects on sex hormones. Estrogen, a 
steroid reproductive hormone, undergoes metabolism via 
enterohepatic circulation. As a result, numerous studies 
have focused on its interaction with the gut microbiome, 
which was first identified over three decades ago by 
Adlercreutz et al. (66). The study in question found 
that supplementation with antibiotics led to a reduction 
in estrogen levels in women. Estrogen undergoes 
metabolism in the liver, which includes hydroxylation 
and coupling. Following this, some conjugated estrogen 
is excreted via urine, while some also enters the 
intestines and is eliminated through feces (67). The gut 
microbiome plays a critical role in regulating estrogen 
levels via the secretion of β-glucuronidase (GUS), 
which transforms conjugated estrogen into deconjugated 
estrogen (68) (Figure 2). The enterohepatic circulation 
of estrogens and their reabsorption are also regulated 
by the gut microbiome. Estrogen binds to the ligand 
binding region of receptors (ERα and ERβ) in the 
nucleus, causing conformational changes and promoting 
cell growth, apoptosis, proliferation, adhesion, and 
signal transduction through pathways such as MAPK, 
PI3K, and Src kinase (69). However, the imbalance 
of the gut microbiome may lead to decreased GUS 
activity, resulting in lower circulating estrogen levels, 
and ultimately lead to the development of obesity and 
cardiovascular disease. In addition, estrogen increases 
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circulating estrogen levels by reducing the abundance 
of bacteria producing glucuronidase, i.e. increasing 
the proportion of Firmicutes/Bacteroidetes, thereby 
increasing the interaction with ERα and ERβ, leading to 
endometrial cancer (EC), cancer breast cancer, EMs, and 
other diseases (70). Therefore, optimal GUS activity is 
essential for maintaining estrogen levels in women.
 The gut microbiome may affect female sex steroid 
hormone levels through the production of short-
chain fatty acids (SCFAs), such as abundant acetate, 
propionate, and butyrate. According to Lu et al. (71), 
the synthesis of progesterone and estradiol in pig 
granulosa cells can be regulated by butyrate through the 
cAMP signaling pathway. Recent research has shown 
that enteric-derived butyrate can cause non-alcoholic 
fatty liver disease due to an estrogen deficiency in 
premenopausal women (72). While a correlation between 
the gut microbiome and the endocrine system has been 
reported, the mechanisms of interaction, and particularly 
those relating to progesterone, remain poorly understood.

3. Role of female dysbiosis in reproductive and 
gynecological diseases

3.1. FGT dysbiosis in reproductive and gynecological 
diseases

Lactobacil lus  is  dominant in the normal FGT 
microbiome. It produces active compounds, facilitates  
coaggregation based on cell wall molecules, promotes 
the integrity of the epithelium, and regulates immune 
responses. The disruption of the FGT microbiome 
significantly affects the metabolism of amino acids, 
carbohydrates, and lipids, thereby increasing disease 
susceptibility. Therefore, the interaction between the 

microbiome, metabolites, and host in the reproductive 
tract microenvironment is crucial for maintaining the 
balance of the reproductive tract. Dysbiosis in the FGT 
microbiome has been linked to a variety of gynecological 
disorders, including vaginitis, CE, EPs, EMs, and PCOS 
(Figure 3).

3.1.1 FGT dysbiosis and vaginitis

Vaginitis is characterized by inflammation of the 
vaginal mucosa and submucosal connective tissue, 
and the condition can manifest in several different 
forms. The most prevalent types of vaginitis include 
bacterial vaginosis (BV), vulvovaginal candidiasis 
(VVC), and trichomoniasis vaginitis. BV is the most 
commonly observed vaginal infectious disease affecting 
women of childbearing age. This condition is marked 
by the overgrowth of anaerobic bacteria, primarily 
Xenobacteria, Gardnerella, and human Mycoplasma. 
A longitudinal study conducted by Vodstrcil et al. (73) 
on 52 young Australian women found that Gardnerella 
was more likely to be detected in sexually active women, 
implicating sexual activity as an important risk factor 
for BV. Moreover, sexual activity increased the diversity 
of vaginal microbiome evolution in women both with 
and without BV, which could increase the pathogenic 
potential of the microbiome. Unfortunately, current 
treatments have a high rate of recurrence (> 50% rate of 
recurrence within 6 - 12 months) due to potential factors 
such as reinfection from sexual partners or endogenous 
sources, biofilm formation, or the failure for appropriate 
Lactobacillus bacteria to take hold (74). BV is closely 
linked to the metabolites present in the reproductive tract. 
In fact, researchers have found that alterations in specific 
metabolites (such as maltose, nicotinate, malonate, 

Figure 2. Gut microbiome and estrogen. Estrogen migrates in the blood, reaches the liver, and is inactivated by metabolism into conjugated 
estrogen. Some is excreted through urine and some is excreted through feces. The gut microbiome mainly secretes β-glucuronidase, which converts 
conjugated estrogen into deconjugated estrogen that enters the hepatic circulation through intestinal reabsorption.
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acetate, and nicotinamide adenine dinucleotide) can 
serve as metabolic markers, distinguishing individuals 
with BV from healthy individuals (75). Following 
successful treatment, these BV-associated metabolites 
decrease significantly. Given this, metabolic analysis 
of the reproductive tract is considered crucial to the 
identification and diagnosis of BV. According to a 
study conducted by McMillan et al. (76), an increase 
in 2-hydroxyisovalerate and γ-hydroxybutyrate in the 
vagina, as well as a decrease in lactate and tyrosine, are 
the most reliable indicators of BV. Nevertheless, further 
research is necessary to fully understand the effects of 
metabolites on both the microbiome and host immunity. 
The vaginal mucosa is an important line of defense for 
local immunity that can resist pathogen invasion by 
rapidly shedding epithelial cells and secreting cytotoxic 
cytokines. The imbalance of the gut microbiome activates 
the NF-κB pathway through Toll-like receptors, leading 
to increased release of pro-inflammatory cytokines and 
epithelial cell damage (77). Lactobacillus is able to 
inhibit HeLa cell apoptosis caused by pathogens, thus 
protecting epithelial cells (78).
 VVC is the second most frequently occurring 
vaginitis following BV. Studies have estimated that 
around 10% to 15% of asymptomatic women carry C. 
albicans in their vaginas, and approximately 70% to 75% 
of women experience VVC at some point in their lives, 
impacting millions of women every year (79). A recent 
in vivo study indicated that colonization by Lactobacillus 
may not necessarily lower the risk of VVC, while 
colonization by L. crispatus can even lead to an increased 
risk of C. albicans colonization (80,81). Despite the 
association between VVC and the vaginal microbiome, 
whether specific Lactobacillus species are associated 
with this condition is still unknown. Further research 

is necessary to identify any potential links. Chlamydia 
trachomatis (CT) is a widespread sexually transmitted 
infection among women age 15-49, with global rates 
of infection ranging from 1.5% to 7% (82). Lactic acid 
present in the genital tract acts as a critical inhibitor 
of CT infection. Nevertheless, the L. iners species 
produces far less lactic acid than other Lactobacillus 
spp., making women with L. iners as the dominant flora 
particularly susceptible to CT infection (83). In addition, 
certain individuals with CT infections may have an 
abundance of anaerobic bacteria in their genital tract, 
such as Gardnenella, Prevotella, Megalococcus, and 
Rosella. In comparison to healthy controls, reproductive 
tract metabolites from individuals infected with CT 
demonstrated only a slight decline in several amino 
acids and biogenic amines (18). Upon experiencing 
CT reinfection or chronic infection, activated helper T 
cell (Th) - 1, Th2, and Th17 cells can stimulate tissue 
destruction, fibrosis, and scarring, ultimately contributing 
to pelvic inflammation (84).

3.1.2. FGT dysbiosis and CE and EPs

CE is a distinct alteration in the population of 
endometrial microorganisms present in the uterine cavity, 
predominantly caused by bacterial pathogens such as 
Streptococcus, Escherichia coli, Enterococcus faecalis, 
Mycoplasma, and other bacteria like tuberculosis 
bacilli and viruses (85). A study conducted by Liu et 
al. (85) found that CE is linked to a significant increase 
in the prevalence of 18 groups of bacteria within the 
endometrial cavity. Moreover, the relative abundance of 
Lactobacillus was notably higher in individuals with CE 
in comparison to those without CE (80.7% vs. 1.89%), 
while there was a lower prevalence of L. crispatus in 

Figure 3. The relationship between FGT dysbiosis and diseases. Lactobacillus is dominant in the normal FGT microbiome. It produces active 
compounds, facilitates  coaggregation based on cell wall molecules, promotes the integrity of the epithelium, and regulates immune responses. FGT 
dysbiosis increase the risk of diseases such as vaginitis, CE, EPs, EMs, and PCOS.
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the CE microbiome. Antibiotic therapy administered to 
patients with CE has demonstrated an ability to markedly 
enhance reproductive outcomes, indicating a crucial 
correlation between the host and colonizing bacteria (86). 
In cases of CE, microbial infections, including those 
caused by Gram-negative bacteria, can trigger potent 
immune responses that may trigger B-cell entry into the 
endometrial stroma, subsequently leading to the aberrant 
expression of various pro-inflammatory molecules. Other 
studies have also found that Streptococcus pyogenes 
infects the human endometrium by limiting innate 
immune responses (87). Concurrently, endometrial 
microvascular endothelial cells express adhesion 
molecules and chemokines associated with B-cells in 
CE, resulting in alterations to the uterus's receptivity and 
unfavorable pregnancy outcomes (88). In addition, Chen 
et al. (89) found that endometrial microorganisms can 
interfere with glucose and lipid metabolism processes 
through the PWY-7347 and SUCSYN-PWY metabolic 
pathways to regulate immune cells, thereby affecting 
endometrial receptivity.
 EPs are likely triggered by several factors, including 
genetics, endocrine imbalances, immune inflammation, 
irregular cell proliferation/apoptosis, angiogenesis, 
oxidative stress, and an imbalanced FGT microbiome. 
The composition of the LGT microbiome can markedly 
heighten the likelihood of developing EPs. A study 
conducted by Marchenco et al. (90) indicated that 
women with vaginal microbiome disorders are 3.5 
times more susceptible to BV than healthy people. In 
addition, Kovalenko et al. (91) suggested that vaginal 
Gardnerella, commonly associated with BV, may fuel 
the emergence of EPs. Similarly, Horban et al. (92) 
found that 93.6% of individuals living with recurring 
BV had endometrial lesions, comprising 42% of all 
pathology results diagnosed as EPs. Fang et al. (93) 
examined the differences in the composition of the 
endometrial microbiome between patients experiencing 
EPs and healthy women, and they found that the 
bacterial diversity of the endometrial microbiome 
was higher in EPs patients than in their healthy 
counterparts. EPs patients exhibited higher ratios of 
endometrial Lactobacillus, Bifidobacteria, Gardnerella, 
Streptococcus, Alternaria, and Prevotella but lower 
proportions of Pseudomonas, Enterobacteriaceae, 
and Sphingosine. In specific terms, the proportion of 
Lactobacillus was significantly elevated in EP patients 
(38.64% vs. 6.17%), indicating that vaginal bacteria in 
individuals with EPs may also proliferate in the uterine 
cavity (93). When an intrauterine infection or changes 
in the microbiome of intrauterine colonization occur, 
immune cells can interact with microorganisms through 
pattern recognition receptors, recruiting circulating B 
cells to the endometrial stroma and stroma regions, 
reducing the antiviral and fungal infection function of 
natural killer cells, and severely reducing the abnormal 
immune microenvironment inside the uterine cavity, 

affecting sperm fertilization and embryo implantation 
(94). Nonetheless, there is still a need for further 
research concerning specific alterations in the microbial 
composition and pathogenic microbial species associated 
with EPs.

3.1.3. FGT dysbiosis and EMs

Despite the incidence of EMs increasing yearly to 5% 
- 15% (95), the pathogenesis of this condition remains 
unclear. In a cohort study conducted by Lin et al. 
(96) involving 79,512 patients with reproductive tract 
infections, the incidence of EMs was significantly 
higher compared to that in the control group. In addition, 
reproductive tract infections were identified as an 
independent risk factor for EMs, markedly increasing 
the likelihood of patients with a reproductive tract 
infection developing endometriosis (96). Moreover, 
Akiyama et al. (97) performed NGS analysis on the 
cervical mucus in women with and without EMs, and 
they found that the quantity of Enterobacteriaceae and 
Streptococcus in the cervical mucus of the EMs group 
was substantially higher than that of the control group, 
irrespective of the various phases of the menstrual cycle, 
except for the primary Lactobacillus species. Yang et 
al. (98) observed accumulation of several less abundant 
genera in the vaginal and cervical microbiome of EM 
patients, such as Fannyhessea, Prevotella, Streptococcus, 
Bifidobacterium, Veillonella, Megasphaera, and 
Sneathia. The microbial imbalance of EMs can promote 
disease progression through immune activation, impaired 
intestinal function of cytokines, changes in estrogen 
metabolism and signal transduction, and abnormalities in 
the homeostasis of progenitor cells and stem cells (99). 
Despite these findings, further research is required to 
clarify the mechanistic aspects that link these bacteria 
to the pathophysiology of endometriosis. Endometrial 
microbial infections may harm the contractility of the 
uterus and facilitate the implantation of retrograde 
endometrial cells (100), thus promoting the progression 
of this disease.

3.1.4. FGT dysbiosis and PCOS

The pathological and physiological mechanisms 
underlying PCOS are relatively intricate, encompassing 
multifaceted interactions within multiple mechanisms 
and pathways. Several studies have shown that the level 
of the Lactobacillus genus, and specifically L. curlicus, 
in the reproductive tract of PCOS patients is lower 
compared to that in the control group (101). In addition, 
PCOS patients also exhibit an increased abundance of 
species such as Gardnerella, Chlamydia, and Prevotella 
in the cervical canal, whereas the vaginal microbiome is 
enriched in species such as Prevotella, Ageophilia, and 
Mycoplasma, unlike in the control group (101). A Kyoto 
Encyclopedia of Genes and Genomes analysis showed 
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that oxidative phosphorylation, amino acid metabolism, 
and N-glucan biosynthesis were upregulated in the LGT 
of PCOS patients (102). These changes are beneficial to 
the colonization of several pathogenic bacteria (such as 
Gardnerella) but not to the growth of Lactobacillus (103).
 Currently, the treatment for PCOS primarily involves 
Diane-35 (ethinylestradiol cyproterone). Reviews of the 
relevant literature have indicated that using hormonal 
contraception can decrease the risk of BV (103). The 
use of hormonal contraceptives can regulate the local 
inflammatory response of BV, which is significantly 
associated with high levels of IL, TNF, INF-r, IL-2, 
and IL-4 in contrast to the normal vaginal microbiome 
(103). These findings suggest that the use of hormone 
contraceptives may impact the immune system of the 
reproductive tract.

3.2.Gut dysbiosis in reproductive and gynecological 
diseases

The gut mucosal layer provides a vital protective barrier 
against microbial invasion. However, gut dysbiosis can 
disrupt the normal mucosal layer, leading to the increased 
incidence of various gynecological diseases, including 
PCOS, EMs, cancer, and obesity (Figure 4).

3.2.1. Gut dysbiosis and PCOS

PCOS is a multifactorial endocrine and metabolic 
disorder, and the gut microbiome is implicated in 
various metabolic activities in the human body. 
Indeed, exploring alterations in the gut microbiome 
of PCOS patients has become a focus of research in 
recent years. Notably, Torres et al. (104) found that 
both the α diversity (overall species richness) and β 
diversity (microbial community composition) of the 

gut microbiome in PCOS patients decreased compared 
to those in healthy women. In addition, they identified 
an increased abundance of specific gut microbiome 
in PCOS patients such as Streptomyces and Candella 
(104). Interestingly, these changes in the gut microbiome 
appear to be correlated with increased serum androgen 
levels in PCOS patients (104). In a mouse model of 
PCOS induced with dihydrotestosterone, the relative 
abundance of anaerobic bacteria in animals with a high 
dose of androgens increased (105). Multiple components 
of the gut microbiome can assist in the synthesis 
and transformation of androgens by synthesizing 
enzymes for androgen metabolism. Actinobacteria and 
Proteobacteria can degrade androgens (106). Due to its 
genome encoding 20α- hydroxysteroid dehydrogenase, 
Clostridium subtilis is involved in the conversion of 
glucocorticoids into androgens (107). However, the 
limitation of these studies lies in the lack of in-depth 
evaluation of the mechanism underlying the interaction 
between the gut microbiome and androgens. The 
observed decrease in gut microbiome diversity may 
contribute to decreased activity of the GUS, resulting 
in reduced circulating estrogen levels, and therefore a 
decrease in active estrogen receptors. As a result, this 
decrease in estrogen receptor activity may increase the 
risk of a variety of metabolic diseases including obesity, 
metabolic syndrome, and cardiovascular diseases, as well 
as a decrease in cognitive ability (108). Regarding the 
changes in microbiome composition observed in PCOS 
patients, several studies have reported an increase in the 
genus Bacteroides, which is consistent with findings 
from rodent models of PCOS. In contrast, the abundance 
of Bifidobacterium and Faecalibacterium apparently 
decreased in PCOS patients (109,110).
 IR is common in women with PCOS, and the 
incidence of IR varies from 25% to 70% (111). Zhang et 
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Figure 4. The relationship between gut dysbiosis and diseases. The gut mucosal layer is a protective barrier. When the gut is invaded by 
microorganisms, the normal mucosal layer is destroyed. Gut dysbiosis increases the risk of diseases such as PCOS, EMs, cancer, and obesity.
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al. (110) also noted that the levels of acetate, propionate, 
and butyrate in the gut of PCOS patients decreased 
significantly compared to that in healthy women. 
Specifically, reductions of around 30% to 66% were 
observed. However, following probiotic treatment, the 
abundance of Lactobacillus in the gut of PCOS patients 
increased significantly, and SCFA levels in the intestines 
also increased. Overall, insulin secretion also increased 
(110). The gut microbiome has been found to impact 
insulin sensitivity via branched-chain amino acids such 
as leucine, isoleucine, and valine (112). This illustrates 
the complex and intimate relationship between PCOS 
and the gut microbiome. Further research is required 
to explore the potential mechanisms underlying the 
pathogenesis of PCOS in relation to the gut microbiome.

3.2.2. Gut dysbiosis and EMs

Endometriosis,  an estrogen-dependent chronic 
inflammatory disease, has garnered significant attention 
due to its potential correlations with the gut microbiome. 
Mounting evidence suggests a link between the gut 
microbiome and the incidence of endometriosis. 
Svensson et al. (113) performed 16S rRNA sequencing 
on the gut microbiome of patients with EMs and 
healthy controls, and their results showed that compared 
to the healthy control group, the gut microbiome of 
patients with endometriosis showed lower levels of α 
and β diversity. Moreover, Svensson et al. (113) found 
significant variations in the abundance of twelve bacteria 
across the classes Bacilli, Bacteroidia, Clostridia, 
Coriobacteriia, and Gammaproteobacteria in the feces 
of patients with endometriosis. Similarly, Ata et al. (114) 
noted an increase in the number of Escherichia coli 
and Shigella, both belonging to the Enterobacteriaceae 
family, in the gut microbiome of patients with stage III-
IV endometriosis.
 Gut dysbiosis could potentially result in immune 
disorders, inflammatory reactions, and abnormal 
estrogen metabolism, and these factors may play 
significant roles in the emergence of endometriosis (115). 
Wei et al. (116) showed that Gram-negative bacteria 
can increase the number and volume of lesions and the 
number of macrophages in a mouse model of EMs by 
producing GUS. Other researchers have shown that 
there are significant differences in the gut microbiome 
in EMs patients compared to normal individuals, and 
the levels of expression of inflammatory factors, nuclear 
factors‐κB p65, and cyclooxygenase-2 increased in EM 
patients (117). This suggests that an imbalance of the 
gut microbiome activates the inflammatory pathway of 
the gut-brain axis and participates in the progression of 
EMs. Moreover, disruption of the gut microbiome may 
lead to increases in the levels of specific neuroactive 
metabolites, including glutamate and aminobutyric 
acid. As a result, these metabolites can activate brain 
neurons (such as GnRH neurons) and increase estrogen 

production in the ovaries via the hypothalamic-pituitary-
ovarian axis (118). Consequently, increased exposure to 
estrogen - caused by gut microbiome imbalances - may 
represent a significant risk factor for the development 
and progression of endometriosis.

3.2.3. Gut dysbiosis and EC

Over the past 20 years, the incidence of EC has continued 
to increase and affect younger women (119). Studies 
have shown that changes in the ratio of Firmicutes/
Bacteroidetes can increase GUS active bacteria, increase 
estrogen levels, and enhance estrogen receptor binding, 
thereby promoting endometrial hyperplasia and the 
development of EC (72). In EC, estrogen upregulates 
the production of pro-inflammatory mediators such as 
IL-6 and TNF-α, which in turn synergistically upregulate 
the expression of enzymes involved in ovarian steroid 
production (17β-hydroxysteroid dehydrogenase, 
aromatase, and estrone sulfate esterase), thereby forming 
a feedback loop (120). An in vitro study showed that 
Atopobium vaginae and Porphyromonas somerae 
promote EC development by inducing the expression of 
inflammatory cytokines and chemokines (TNF-α, IL-
1α, IL-1β, and IL-17α) in endometrial cells (121). The 
specific mechanisms underlying the disruption of normal 
homeostasis by gut microbiota leading to EC, as well as 
the competition between microorganisms for nutrition, 
signal transduction between microorganisms and hosts, 
and the impact of microbial metabolites, all require 
further research.

4. Use of microbial therapy

4.1. Dietary interventions

In recent years, interventions involving the FGT and 
gut microbiome as a treatment for female reproductive 
tract diseases has become a focus of research. More 
recently, nutrition has been recognized as another factor 
affecting women's reproductive health. Neggers et al. 
(122) and Tohill et al. (123) first demonstrated the role of 
malnutrition in BV and other gynecological infections in 
women of childbearing age. In 2007, Neggers et al. (122) 
described the subclinical deficiency of iron and vitamin 
D during pregnancy as associated with an increased risk 
of BV. A large cross-sectional study (123) subsequently 
confirmed that lower serum concentrations of vitamins A, 
C, E, and β-carotenoids were associated with BV, while 
lower iron levels were associated with increased Candida 
plaque measurement.
 Although there is little understanding of the 
mechanisms by which nutrition affects female 
reproductive tract homeostasis, studies on gut microbiome 
in other parts of the body have revealed the impact of diet 
on bacterial community composition and function, with 
profound impacts on diseases such as obesity, metabolic 
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disorders, immune diseases, and cancer (124). In addition, 
the intestine is known to serve as the ultimate host of 
BV-related lactic acid bacteria and bacteria (125). Eating 
fiber-rich foods is important for the immune system by 
boosting the diversity of the microbiome, which boosts 
anti-inflammatory abilities. A high-fat diet is linked to a 
decrease in Bacteroides and Coprobacillus levels, while a 
low-fat diet promotes α diversity of the gut microbiome. 
Moreover, the concentration of SCFAs in the high-fat diet 
group is notably lower than that of the low-fat diet group. 
High-fat diets are also associated with an enrichment 
of arachidonic acid in feces and an increase in plasma 
proinflammatory factors (126).
 An important parameter in the pathogenesis of PCOS 
is the presence of advanced glycosylation end products 
(AGEs). Research has confirmed that an unhealthy diet 
in PCOS patients can lead to an inflammatory state, 
inducing oxidative stress and stimulating androgen 
synthesis in ovarian tissue, leading to an increased 
inflammatory response and ultimately forming a 
vicious cycle (127). In contrast, a high-fiber diet based 
on polyunsaturated fatty acids can increase insulin 
sensitivity and thus alleviate hyperandrogenism (128). 
The impact of vitamin D on the diversity of the gut 
microbiome has been validated in multiple studies. 
Supplementing vitamin D increases the overall diversity 
of the gut microbiota and increases the proportion 
of Firmicutes/Bacteroidetes, thereby maintaining 
intestinal homeostasis (129). In vitro and animal studies 
have shown that dietary vitamin D supplementation 
contributes to the regression of endometriosis lesions 
with reduced invasion and proliferation (130).

4.2. Probiotics

The efficacy of probiotics in the treatment of microbial 
disorders has been reported in several studies (131-133). 
Currently, the available probiotics can be classified into 
three categories: Lactobacillus, Bifidobacteria, and Gram-
positive cocci, such as Streptococcus and Lactococcus. 
Studies have revealed that probiotics help regulate gut 
microbiome, treat metabolic disorders, and restore gut 
microbiome damaged by a high-fat diet to a healthy 
state (131). Chenoll et al. (132) isolated Lactobacillus 
rhamnosus BPL005 from vaginal samples and co-
cultured it with a primary endometrial epithelial cell 
model with the colonization of Atopobium vaginae, 
Propionibacterium acnes, Gardnerella vaginalis, and 
Streptococcus agalactiae. They noted a significant 
reduction in Propionibacterium acnes and Streptococcus 
agalactiae, suggesting that microbial agents have the 
potential to facilitate improved reproductive health. 
Studies have demonstrated that the combination of a 
vaginal lactobacillus preparation is more effective in 
curing vaginal infectious diseases and decreasing the rate 
of recurrence compared to antibiotic treatment alone (133).
 Probiotics have been proven to treat  other 

reproductive diseases, including those not transmitted by 
microbial pathogens. A study in human subjects revealed 
that, compared to the control group, PCOS patients who 
received probiotic supplements for 12 weeks experienced 
an increase in sex hormone binding protein, a decrease 
in their hirsutism score and extremely low density 
lipoprotein levels, and improvement in insulin sensitivity 
(134). Zhang et al. (110) found that oral administration 
of Bifidobacterium lactis V9 can alleviate PCOS by 
increasing the release of gastrin and peptide YY, thereby 
restoring sexual hormones at the brain level in a manner 
similar to normal hormone levels. In addition, probiotic 
therapy is also quite effective in the treatment of 
endometriosis. Animal experiments have shown that oral 
Lactobacilli can reduce the growth of mouse EM lesions 
by increasing IL-12 and NK cell activity (135). Itoh 
et al. (136) also found that oral probiotics can activate 
NK cells in the body and inhibit the development of 
EM lesions. A randomized controlled trial found that 
oral Lactobacilli can alleviate pain related to EMs in 
women (137). In addition, probiotics have been found 
to improve the fertilization rate, pregnancy success 
rate, and offspring survival rate of several animals by 
altering the activity of the microbiota, promoting nutrient 
absorption and digestion, and improving the immune 
system (138,139).

4.3. Fecal microbial transplantation(FMT)

Fecal microbiota transplantation (FMT) is a rapidly 
evolving therapy that aims to reconstruct a patient's 
dysbiotic microbiota with the beneficial fecal microbiota 
of a healthy individual. In recent years, FMT has 
displayed great potential for the treatment of female 
reproductive tract diseases. A study in a rat model of 
induced PCOS confirmed that after FMT treatment, 
the estrus cycle of PCOS rats improved, androgen 
biosynthesis decreased, ovarian morphology returned 
to normal, and the intestinal microbiota composition 
was characterized by an increase in Lactobacilli 
and Clostridium and a decrease in Prevotella (140). 
Preclinical mouse models suggest that short-chain fatty 
acids derived from the gut microbiota can prevent the 
progression of endometriosis, thereby reducing EM-
related pain (141). Despite the lack of clinical data, FMT 
is a potential treatment option for endometriosis due 
to its beneficial effect in reducing EM-related pain. In 
breeders, FMT can regulate increased hormone secretion, 
intestinal health, and ovarian function through SIRT1-
related cell apoptosis and cytokine signaling pathways 
(142). In addition to animal models, prospective data 
should be obtained from laboratory studies for further 
research in humans.

5. Methods of studying the microbiome

Early microbiology research relied on optical microscopy 
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and microbial culture techniques, but microbial culture 
took a long time and the results obtained were incomplete 
and unrepresentative, posing numerous obstacles to 
microbiology research (143). In recent years, molecular 
biology theory and techniques have greatly promoted the 
innovation of microbial classification and identification 
and expanded our understanding of microbial 
structure and function. From the perspective of genetic 
evolution, people classify and identify microorganisms 
at the molecular level, making the classification of 
microorganisms increasingly refined and precise. The 
main techniques used are: denaturing gradient gel 
electrophoresis, temperature gradient gel electrophoresis, 
terminal-restriction fragment length polymorphism, 
temporal temperature gradient gel electrophoresis, 
single-strand conformation polymorphism, western blot 
hybridization, quantitative PCR, and 16S rRNA library 
detection (144). However, the above methods all have 
the drawbacks of low throughput (fewer samples can be 
analyzed and fewer data can be obtained) and high cost, 
precluding their widespread use by ordinary laboratories.
 Sequencing is the most commonly used technique 
in modern molecular biology research. With the 
completion of the Human Genome Project, research has 
entered the era of functional genomics. Conventional 
Sanger sequencing can no longer meet the requirements 
of large-scale gene sequencing. After more than 30 
years of development, next generation sequencing 
(NGS) has arrived. At present, NGS has become the 
mainstream method for classifying and identifying 
bacteria by detecting the sequence of 16S rRNA genes 
in bacteria. 16S rRNA widely exists in prokaryotic cells. 
In the process of bacterial evolution, the evolution of 
rRNA genes is relatively conserved. A large amount 
of information is retained, facilitating amplification 
and sequencing, and is considered to be the most 
ideal yardstick to measure the evolutionary history 
of life. The unique advantages of 16S rRNA enable 
bioinformatic analysis of the generated sequences 
within a relatively short sequencing range (V1-V9), 
effectively distinguishing bacterial communities 
(145). Understanding the composition and function 
of microorganisms helps to understand the potential 
ecological adverse states represented by microbial species 
or community types. Future research on metabolome 
composition may reveal complex interactions between 
species and host microorganisms.

6. Conclusion

A balanced and healthy microbiome is crucial 
for maintaining reproductive health as it assists 
in protecting the host from pathogens, enhancing 
reproductive potential, and reducing the likelihood of 
adverse pregnancy outcomes. Implementing effective 
measures, such as addressing dysbiosis, monitoring 
dynamic changes in the microbiome, and bolstering 

levels of beneficial bacteria, can significantly improve 
reproductive health.  To gain a comprehensive 
understanding of all microbial species undergoing 
modifications in reproductive pathology, an essential 
task is to conduct large-scale longitudinal studies 
encompassing bacteria, fungi, and viruses. As further 
research on the FGT and gut microbiome unfolds, 
microbial therapy has the potential to serve as a 
prospective approach to enhance female reproductive 
health.

Funding: This work was supported by grants from a 
project under the Scientific and Technological Innovation 
Action Plan of the Shanghai Natural Science Fund 
(grant no. 20ZR1409100 to L Wang), a project of the 
Chinese Association of Integration of Traditional and 
Western Medicine special foundation for Obstetrics 
and Gynecology-PuZheng Pharmaceutical Foundation 
(grant no. FCK-PZ-08 to L Wang), a project for hospital 
management of the Shanghai Hospital Association 
(grant no. X2021046 to L Wang), a clinical trial project 
of the Special Foundation for Healthcare Research of 
the Shanghai Municipal Health Commission (grant 
no. 202150042 to L Wang), a grant from Science and 
Technology Plan of Zhoushan City, Zhejiang Province 
(grant no. 2021C31055 to WL Cao) and a project 
from Zhejiang Province Traditional Chinese Medicine 
Technology (grant no. 2023ZL769 to WL Cao).

Conflict of Interest: The authors have no conflicts of 
interest to disclose.

References

1. Wan X, Yang Q, Wang X, Bai Y, Liu Z. Isolation and 
cultivation of human gut microorganisms: A review. 
Microorganisms. 2023; 11:1080.

2. Lozupone CA, Stombaugh JI, Gordon JI, Jansson JK, 
Knight R. Diversity, stability and resilience of the human 
gut microbiota. Nature. 2012; 489:220-230.

3. Tian C. The role of microorganisms in the human body. 
World's Latest Medical Information Abstracts (Continuous 
Electronic Journal). 2019; 19:41.

4. Moreno I, Simon C. Deciphering the effect of reproductive 
tract microbiome on human reproduction. Reprod Med 
Biol. 2018; 18:40-50.

5. Shen J, Song N, Williams CJ, Brown CJ, Yan Z, Xu C, 
Forney LJ. Effects of low dose estrogen therapy on the 
vaginal microbiomes of women with atrophic vaginitis. 
Sci Rep. 2016; 6:24380.

6. Chadchan SB, Singh V, Kommagani R. Female 
reproductive dysfunctions and the gut microbiota. J Mol 
Endocrinol. 2022; 69:R81-R94.

7. Simon C. Introduction: Do microbes in the female 
reproductive function matter? Fertil Steril. 2018; 110:325-
326.

8. Salliss ME, Farland LV, Mahnert ND, Herbst-Kralovetz 
MM. The role of gut and genital microbiome and the 
estrobolome in endometriosis, infertility and chronic 
pelvic pain. Hum Reprod Update. 2021; 28:92-131.

469



www.biosciencetrends.com

BioScience Trends. 2023; 17(6):458-474.BioScience Trends. 2023; 17(6):458-474.

9. Punzón-Jiménez P, Labarta E. The impact of the 
female genital tract microbiome in women health and 
reproduction: A review. J Assist Reprod Genet. 2021; 
38:2519-2541.

10. Ding T, Schloss PD. Dynamics and associations of 
microbial community types across the human body. 
Nature. 2014; 509:357-360.

11. Ravel J, Gajer P, Abdo Z, Schneider GM, Koenig SS, 
McCulle SL, Karlebach S, Gorle R, Russell J, Tacket CO, 
Brotman RM, Davis CC, Ault K, Peralta L, Forney LJ. 
Vaginal microbiome of reproductive-age women. Proc 
Natl Acad Sci U S A. 2011; 108:4680-4687.

12. France MT, Ma B, Gajer P, Brown S, Humphrys 
MS, Holm JB, Waetjen LE, Brotman RM, Ravel J. 
VALENCIA: A nearest centroid classification method for 
vaginal microbial communities based on composition. 
Microbiome. 2020; 8:166.

13. Aldunate M, Srbinovski D, Hearps AC, Latham CF, 
Ramsland PA, Gugasyan R, Cone RA, Tachedjian G. 
Antimicrobial and immune modulatory effects of lactic 
acid and short chain fatty acids produced by vaginal 
microbiota associated with eubiosis and bacterial 
vaginosis. Front Physiol. 2015; 6:164.

14. van de Wijgert JH, Borgdorff H, Verhelst R, Crucitti 
T, Francis S, Verstraelen H, Jespers V. The vaginal 
microbiota: What have we learned after a decade of 
molecular characterization? PLoS One. 2014; 9:e105998.

15. Williams VM, Filippova M, Filippov V, Payne KJ, 
Duerksen-Hughes P. Human papillomavirus type 16 E6* 
induces oxidative stress and DNA damage. J Virol. 2014; 
88:6751-6761.

16. Kroon SJ, Ravel J, Huston WM. Cervicovaginal 
microbiota, women's health, and reproductive outcomes. 
Fertil Steril. 2018; 110:327-336.

17. Srinivasan S, Liu C, Mitchell CM, Fiedler TL, Thomas 
KK, Agnew KJ, Marrazzo JM, Fredricks DN. Temporal 
variability of human vaginal bacteria and relationship with 
bacterial vaginosis. PLoS One. 2010; 5:e10197.

18. Gajer P, Brotman RM, Bai G, et al. Temporal dynamics 
of the human vaginal microbiota. Sci Transl Med. 2012; 
4:132ra52.

19. Mitra A, MacIntyre DA, Marchesi JR, Lee YS, Bennett 
PR, Kyrgiou M. The vaginal microbiota, human 
papillomavirus infection and cervical intraepithelial 
neoplasia: What do we know and where are we going 
next? Microbiome. 2016; 4:58.

20. Miko E, Barakonyi A. The role of hydrogen-peroxide 
(H2O2) produced by vaginal microbiota in female 
reproductive health. Antioxidants (Basel). 2023; 12:1055.

21. Abdelmaksoud AA, Girerd PH, Garcia EM, Brooks 
JP, Leftwich LM, Sheth NU, Bradley SP, Serrano MG, 
Fettweis JM, Huang B, Strauss JF 3rd, Buck GA, 
Jefferson KK. Association between statin use, the vaginal 
microbiome, and Gardnerella vaginalis vaginolysin-
mediated cytotoxicity. PLoS One. 2017; 12:e0183765.

22. Dong B, Huang Y, Cai H, et al. Prevotella as the hub of 
the cervicovaginal microbiota affects the occurrence of 
persistent human papillomavirus infection and cervical 
lesions in women of childbearing age via host NF-κB/
C-myc. J Med Virol. 2022; 94:5519-5534.

23. Jang SJ, Lee K, Kwon B, You HJ, Ko G. Vaginal 
lactobacilli inhibit growth and hyphae formation of 
Candida albicans. Sci Rep. 2019; 9:8121.

24. Ding C, Yu Y, Zhou Q. Bacterial vaginosis: Effects on 
reproduction and its therapeutics. J Gynecol Obstet Hum 

Reprod. 2021; 50:102174.
25. Jacobson JC, Turok DK, Dermish AI, Nygaard IE, Settles 

ML. Vaginal microbiome changes with levonorgestrel 
intrauterine system placement. Contraception. 2014; 
90:130-135.

26. Pelzer ES, Willner D, Buttini M, Huygens F. A role for 
the endometrial microbiome in dysfunctional menstrual 
bleeding. Antonie Van Leeuwenhoek. 2018; 111:933-943.

27. Chen Y, Qiu X, Wang W, Li D, Wu A, Hong Z, Di W, 
Qiu L. Human papillomavirus infection and cervical 
intraepithelial neoplasia progression are associated with 
increased vaginal microbiome diversity in a Chinese 
cohort. BMC Infect Dis. 2020; 20:629.

28. Klein C, Gonzalez D, Samwel K, Kahesa C, Mwaiselage 
J, Aluthge N, Fernando S, West JT, Wood C, Angeletti 
PC. Relationship between the cervical microbiome, HIV 
status, and precancerous lesions. mBio. 2019; 10:e02785-
18.

29. Audirac-Chalifour A, Torres-Poveda K, Bahena-Román 
M, Téllez-Sosa J, Martínez-Barnetche J, Cortina-Ceballos 
B, López-Estrada G, Delgado-Romero K, Burguete-
García AI, Cantú D, García-Carrancá A, Madrid-Marina 
V. Cervical microbiome and cytokine profile at various 
stages of cervical cancer: A pilot study. PLoS One. 2016; 
11:e0153274.

30. Curty G, Costa RL, Siqueira JD, Meyrelles AI, Machado 
ES, Soares EA, Soares MA. Analysis of the cervical 
microbiome and potential biomarkers from postpartum 
HIV-positive women displaying cervical intraepithelial 
lesions. Sci Rep. 2017; 7:17364.

31. Chu DM, Valentine GC, Seferovic MD, Aagaard KM. 
The development of the human microbiome: Why moms 
matter. Gastroenterol Clin North Am. 2019; 48:357-375.

32. Baker JM, Chase DM, Herbst-Kralovetz MM. Uterine 
microbiota: Residents, tourists, or invaders? Front 
Immunol. 2018; 9:208.

33. Winters AD, Romero R, Gervasi MT, Gomez-Lopez N, 
Tran MR, Garcia-Flores V, Pacora P, Jung E, Hassan SS, 
Hsu CD, Theis KR. Does the endometrial cavity have a 
molecular microbial signature? Sci Rep. 2019; 9:9905.

34. Solt I. The human microbiome and the great obstetrical 
syndromes: A new frontier in maternal-fetal medicine. 
Best Pract Res Clin Obstet Gynaecol. 2015; 29:165-175.

35. Koedooder R, Mackens S, Budding A, Fares D, Blockeel 
C, Laven J, Schoenmakers S. Identification and evaluation 
of the microbiome in the female and male reproductive 
tracts. Hum Reprod Update. 2019; 25:298-325.

36. Moreno I, Codoñer FM, Vilella F, Valbuena D, Martinez-
Blanch JF, Jimenez-Almazán J, Alonso R, Alamá P, 
Remohí J, Pellicer A, Ramon D, Simon C. Evidence that 
the endometrial microbiota has an effect on implantation 
success or failure. Am J Obstet Gynecol. 2016; 215:684-
703.

37. Mitchell CM, Haick A, Nkwopara E, Garcia R, Rendi M, 
Agnew K, Fredricks DN, Eschenbach D. Colonization 
of the upper genital tract by vaginal bacterial species 
in nonpregnant women. Am J Obstet Gynecol. 2015; 
212:611.e1-9.

38. Chen C, Song X, Wei W, et al. The microbiota continuum 
along the female reproductive tract and its relation to 
uterine-related diseases. Nat Commun. 2017; 8:875.

39. Winters AD, Romero R, Gervasi MT, Gomez-Lopez N, 
Tran MR, Garcia-Flores V, Pacora P, Jung E, Hassan SS, 
Hsu CD, Theis KR. Does the endometrial cavity have a 
molecular microbial signature? Sci Rep. 2019; 9:9905.

470



www.biosciencetrends.com

BioScience Trends. 2023; 17(6):458-474.BioScience Trends. 2023; 17(6):458-474.

40. Usman SF, Shuaibu IR, Durojaiye K, Medugu N, Iregbu 
KC. The presence of microorganisms in follicular fluid 
and its effect on the outcome of in vitro fertilization-
embryo transfer (IVF-ET) treatment cycles. PLoS One. 
2021; 16:e0246644.

41. Hamad TA, Ahmed AT, Sadeq MS, et al. Microbial 
colonization of human follicular fluid and adverse 
outcome on in vitro fertilization cases in Kamal al-
Samarrai's Hospital for fertility and in vitro fertilization 
treatment in Baghdad, Iraq 2016. IOSR J Dent Med Sci 
e-ISSN. 2018; 17: 80-87.

42. Pelzer ES, Allan JA, Cunningham K, Mengersen K, Allan 
JM, Launchbury T, Beagley K, Knox CL. Microbial 
colonization of follicular fluid: Alterations in cytokine 
expression and adverse assisted reproduction technology 
outcomes. Hum Reprod. 2011; 26:1799-1812.

43. Pe lze r ES , Wi l lner D, But t in i M, Hafner LM, 
Theodoropoulos C, Huygens F. The fallopian tube 
microbiome: Implications for reproductive health. 
Oncotarget. 2018; 9:21541-21551.

44. Wang Y, Zhang Y, Zhang Q, Chen H, Feng Y. 
Characterization of pelvic and cervical microbiotas 
from patients with pelvic inflammatory disease. J Med 
Microbiol. 2018; 67:1519-1526.

45. Sweet RL, Mills J, Hadley KW, Blumenstock E, Schachter 
J, Robbie MO, Draper DL. Use of laparoscopy to 
determine the microbiologic etiology of acute salpingitis. 
Am J Obstet Gynecol. 1979; 134:68-74.

46. Mueller NT, Bakacs E, Combellick J, Grigoryan 
Z, Dominguez-Bello MG. The infant microbiome 
development: mom matters. Trends Mol Med. 2015; 
21:109-117.

47. Ferretti P, Pasolli E, Tett A, et al. Mother-to-infant 
microbial transmission from different body sites shapes 
the developing infant gut microbiome. Cell Host Microbe. 
2018; 24:133-145.e5.

48. Yassour M, Jason E, Hogstrom LJ, et al. Strain-level 
analysis of mother-to-child bacterial transmission during 
the first few months of life. Cell Host Microbe. 2018; 
24:146-154.e4.

49. Hammerschlag MR, Alpert S, Onderdonk AB, Thurston 
P, Drude E, McCormack WM, Bartlett JG. Anaerobic 
microflora of the vagina in children. Am J Obstet Gynecol. 
1978; 131:853-856.

50. Hickey RJ, Zhou X, Settles ML, Erb J, Malone K, 
Hansmann MA, Shew ML, Van Der Pol B, Fortenberry 
JD, Forney LJ. Vaginal microbiota of adolescent girls prior 
to the onset of menarche resemble those of reproductive-
age women. mBio. 2015; 6:e00097-15.

51. Shen L, Zhang W, Yuan Y, Zhu W, Shang A. Vaginal 
microecological characteristics of women in different 
physiological and pathological period. Front Cell Infect 
Microbiol. 2022; 12:959793.

52. Yoshikata R, Yamaguchi M, Mase Y, Tatsuzuki A, Myint 
KZY, Ohta H. Age-related changes, influencing factors, 
and crosstalk between vaginal and gut microbiota: A cross-
sectional comparative study of pre- and postmenopausal 
women. J Womens Health (Larchmt). 2022; 31:1763-
1772.

53. Ceccarani C, Foschi C, Parolin C, D'Antuono A, Gaspari V, 
Consolandi C, Laghi L, Camboni T, Vitali B, Severgnini 
M, Marangoni A. Diversity of vaginal microbiome and 
metabolome during genital infections. Sci Rep. 2019; 
9:14095.

54. Trifanescu OG, Trifanescu RA, Mitrica RI, Bran DM, 

Serbanescu GL, Valcauan L, Marinescu SA, Gales LN, 
Tanase BC, Anghel RM. The female reproductive tract 
microbiome and cancerogenesis: A review story of 
bacteria, hormones, and disease. Diagnostics (Basel). 
2023; 13:877.

55. Tian Y, Mai XD, Ma K, et al. Gut microbiota regulates the 
occurrence and development of metabolic diseases. Chin 
Sci Bull. 2021; 66:1602-1613.

56. Doaa M, Dalia M, Ahmed FS. Gut bacterial microbiota in 
psoriasis: A case control study. Afr J Microbiol Res. 2016; 
10:1337-1343.

57. Rinninella E, Raoul P, Cintoni M, Franceschi F, Miggiano 
GAD, Gasbarrini A, Mele MC. What is the healthy gut 
microbiota composition? A changing ecosystem across 
age, environment, diet, and diseases. Microorganisms. 
2019; 7:14.

58. Rodgers RJ, Avery JC, Moore VM, Davies MJ, Azziz 
R, Stener-Victorin E, Moran LJ, Robertson SA, Stepto 
NK, Norman RJ, Teede HJ. Complex diseases and co-
morbidities: Polycystic ovary syndrome and type 2 
diabetes mellitus. Endocr Connect. 2019; 8:R71-R75.

59. Ahlawat S, Asha, Sharma KK. Gut-organ axis: A 
microbial outreach and networking. Lett Appl Microbiol. 
2021; 72:636-668.

60. Zhai L, Wu J, Lam YY, Kwan HY, Bian ZX, Wong HLX. 
Gut-microbial metabolites, probiotics and their roles in 
type 2 diabetes. Int J Mol Sci. 2021; 22:12846.

61. Chénard T, Prévost K, Dubé J, Massé E. Immune system 
modulations by products of the gut microbiota. Vaccines 
(Basel). 2020; 8:461.

62. Evans JM, Morris LS, Marchesi JR. The gut microbiome: 
The role of a virtual organ in the endocrinology of the 
host. J Endocrinol. 2013; 218:R37-R47.

63. Boulangé CL, Neves AL, Chilloux J, Nicholson JK, 
Dumas ME. Impact of the gut microbiota on inflammation, 
obesity, and metabolic disease. Genome Med. 2016; 8:42.

64. Barrett E, Ross RP, O'Toole PW, Fitzgerald GF, Stanton 
C. γ-Aminobutyric acid production by culturable bacteria 
from the human intestine. J Appl Microbiol. 2012; 
113:411-417.

65. Lyte M. Probiotics function mechanistically as delivery 
vehicles for neuroactive compounds: Microbial 
endocrinology in the design and use of probiotics. 
Bioessays. 2011; 33:574-581.

66. Adlercreutz H, Pulkkinen MO, Hämäläinen EK, Korpela 
JT. Studies on the role of intestinal bacteria in metabolism 
of synthetic and natural steroid hormones. J Steroid 
Biochem. 1984; 20:217-229.

67. Raftogianis R, Creveling C, Weinshilboum R, Weisz J. 
Estrogen metabolism by conjugation. J Natl Cancer Inst 
Monogr. 2000; 27:113-124.

68. Kwa M, Plottel CS, Blaser MJ, Adams S. The intestinal 
microbiome and estrogen receptor-positive female breast 
cancer. J Natl Cancer Inst. 2016; 108:djw029.

69. Yoon K, Kim N. Roles of sex hormones and gender in the 
gut microbiota. J Neurogastroenterol Motil. 2021; 27:314-
325.

70. Baker JM, Al-Nakkash L, Herbst-Kralovetz MM. 
Estrogen-gut microbiome axis: Physiological and clinical 
implications. Maturitas. 2017; 103:45-53.

71. Lu N, Li M, Lei H, Jiang X, Tu W, Lu Y, Xia D. Butyric 
acid regulates progesterone and estradiol secretion via 
cAMP signaling pathway in porcine granulosa cells. J 
Steroid Biochem Mol Biol. 2017; 172:89-97.

72. Liu L, Fu Q, Li T, Shao K, Zhu X, Cong Y, Zhao X. Gut 

471



www.biosciencetrends.com

BioScience Trends. 2023; 17(6):458-474.BioScience Trends. 2023; 17(6):458-474.

microbiota and butyrate contribute to nonalcoholic fatty 
liver disease in premenopause due to estrogen deficiency. 
PLoS One. 2022; 17:e0262855.

73. Vodstrcil LA, Twin J, Garland SM, Fairley CK, Hocking 
JS, Law MG, Plummer EL, Fethers KA, Chow EP, Tabrizi 
SN, Bradshaw CS. The influence of sexual activity on 
the vaginal microbiota and Gardnerella vaginalis clade 
diversity in young women. PLoS One. 2017; 12:e0171856.

74. Lee CY, Cheu RK, Lemke MM, Gustin AT, France MT, 
Hampel B, Thurman AR, Doncel GF, Ravel J, Klatt NR, 
Arnold KB. Quantitative modeling predicts mechanistic 
links between pre-treatment microbiome composition 
and metronidazole efficacy in bacterial vaginosis. Nat 
Commun. 2020; 11:6147.

75. Vitali B, Cruciani F, Picone G, Parolin C, Donders G, 
Laghi L. Vaginal microbiome and metabolome highlight 
specific signatures of bacterial vaginosis. Eur J Clin 
Microbiol Infect Dis. 2015; 34:2367-2376.

76. McMillan A, Rulisa S, Sumarah M, Macklaim JM, 
Renaud J, Bisanz JE, Gloor GB, Reid G. A multi-
platform metabolomics approach identifies highly specific 
biomarkers of bacterial diversity in the vagina of pregnant 
and non-pregnant women. Sci Rep. 2015; 5:14174.

77. Wullaert A, Bonnet MC, Pasparakis M. NF-κB in the 
regulation of epithelial homeostasis and inflammation. 
Cell Res. 2011; 21:146-158.

78. Shen L, Zhang W, Yuan Y, Zhu W, Shang A. Vaginal 
microecological characteristics of women in different 
physiological and pathological period. Front Cell Infect 
Microbiol. 2022; 12:959793.

79. Gonçalves B, Ferreira C, Alves CT, Henriques M, Azeredo 
J, Silva S. Vulvovaginal candidiasis: Epidemiology, 
microbiology and risk factors. Crit Rev Microbiol. 2016; 
42:905-927.

80. McClelland RS, Richardson BA, Hassan WM, Graham 
SM, Kiarie J, Baeten JM, Mandaliya K, Jaoko W, Ndinya-
Achola JO, Holmes KK. Prospective study of vaginal 
bacterial flora and other risk factors for vulvovaginal 
candidiasis. J Infect Dis. 2009; 199:1883-1890.

81. Brown SE, Schwartz JA, Robinson CK, OʼHanlon DE, 
Bradford LL, He X, Mark KS, Bruno VM, Ravel J, 
Brotman RM. The vaginal microbiota and behavioral 
factors associated with genital Candida albicans detection 
in reproductive-age women. Sex Transm Dis. 2019; 
46:753-758.

82. Idahl A, Le Cornet C, González Maldonado S, et al. 
Serologic markers of Chlamydia trachomatis and other 
sexually transmitted infections and subsequent ovarian 
cancer risk: Results from the EPIC cohort. Int J Cancer. 
2020; 147:2042-2052.

83. Shipitsyna E, Khusnutdinova T, Budilovskaya O, 
Krysanova A, Shalepo K, Savicheva A, Unemo M. 
Bacterial vaginosis-associated vaginal microbiota is an 
age-independent risk factor for Chlamydia trachomatis, 
Mycoplasma genitalium and Trichomonas vaginalis 
infections in low-risk women, St. Petersburg, Russia. Eur 
J Clin Microbiol Infect Dis. 2020; 39:1221-1230.

84. Molenaar MC, Singer M, Ouburg S. The two-sided role 
of the vaginal microbiome in Chlamydia trachomatis and 
Mycoplasma genitalium pathogenesis. J Reprod Immunol. 
2018; 130:11-17.

85. Liu Y, Ko EY, Wong KK, Chen X, Cheung WC, Law 
TS, Chung JP, Tsui SK, Li TC, Chim SS. Endometrial 
microbiome in infertile women with and without 
chronic endometritis as diagnosed using a quantitative 

and reference range-based method. Fertil Steril. 2019; 
112:707-717.

86. Cicinelli E, Matteo M, Tinelli R, Lepera A, Alfonso 
R, Indraccolo U, Marrocchella S, Greco P, Resta 
L. Prevalence of chronic endometritis in repeated 
unexplained implantation failure and the IVF success rate 
after antibiotic therapy. Hum Reprod. 2015; 30:323-330.

87. Weckel A, Guilbert T, Lambert C, Plainvert C, Goffinet 
F, Poyart C, Méhats C, Fouet A. Streptococcus pyogenes 
infects human endometrium by limiting the innate immune 
response. J Clin Invest. 2021; 131:e130746.

88. Kitaya K, Matsubayashi H, Yamaguchi K, Nishiyama 
R, Takaya Y, Ishikawa T, Yasuo T, Yamada H. Chronic 
endometritis: Potential cause of infertility and obstetric 
and neonatal complications. Am J Reprod Immunol. 2016; 
75:13-22.

89. Chen P, Chen P, Guo Y, Fang C, Li T. Interaction between 
chronic endometritis caused endometrial microbiota 
disorder and endometrial immune environment change 
in recurrent implantation failure. Front Immunol. 2021; 
12:748447.

90. Marchenko LA, Chernukha GE, Yakushevskaya OV, 
Gombolevskaya NA, Muravieva VV, Priputnevich TV, 
Ankirskaya AS. Clinical and microbiological aspects 
of chronic endometritis in women of reproductive age. 
Antibiot Khimioter. 2016; 61:44-51.

91. Kovalenko VL, Voropaeva EE, Kozachkov EL, 
Kozachkova EA. Endometrial pathomorphology in 
bacterial vaginosis associated with chronic endometritis. 
Arkh Patol. 2008; 70:6-8.

92. Horban NY, Vovk IB, Lysiana TO, Ponomariova 
IH, Zhulkevych IV. Peculiarities of uterine cavity 
biocenosis in patients with different types of endometrial 
hyperproliferative pathology. J Med Life. 2019; 12:266-
270.

93. Fang RL, Chen LX, Shu WS, Yao SZ, Wang SW, Chen 
YQ. Barcoded sequencing reveals diverse intrauterine 
microbiomes in patients suffering with endometrial 
polyps. Am J Transl Res. 2016; 8:1581-1592.

94. Liang J, Li M, Zhang L, Yang Y, Jin X, Zhang Q, Lv T, 
Huang Z, Liao Q, Tong X. Analysis of the microbiota 
composition in the genital tract of infertile patients with 
chronic endometritis or endometrial polyps. Front Cell 
Infect Microbiol. 2023; 13:1125640.

95. Ahn SH, Monsanto SP, Miller C, Singh SS, Thomas R, 
Tayade C. Pathophysiology and immune dysfunction in 
endometriosis. Biomed Res Int. 2015; 2015:795976.

96. Lin WC, Chang CY, Hsu YA, Chiang JH, Wan L. 
Increased risk of endometriosis in patients with lower 
genital tract infection: A nationwide cohort study. 
Medicine (Baltimore). 2016; 95:e2773.

97. Akiyama K, Nishioka K, Khan KN, Tanaka Y, Mori T, 
Nakaya T, Kitawaki J. Molecular detection of microbial 
colonization in cervical mucus of women with and 
without endometriosis. Am J Reprod Immunol. 2019; 
82:e13147.

98. Yang Q, Wang Y, Cai H, Zhou Q, Zeng L, Li S, Du H, 
Wei W, Zhang W, Dai W, Wu R. Translocation of vaginal 
and cervical low-abundance non-Lactobacillus bacteria 
notably associate with endometriosis: A pilot study. 
Microb Pathog. 2023; 183:106309.

99. Jiang I, Yong PJ, Allaire C, Bedaiwy MA. Intricate 
Connections between the microbiota and endometriosis. 
Int J Mol Sci. 2021; 22:5644.

100. Moreno I, Simon C. Relevance of assessing the uterine 

472



www.biosciencetrends.com

BioScience Trends. 2023; 17(6):458-474.BioScience Trends. 2023; 17(6):458-474.

microbiota in infertility. Fertil Steril. 2018; 110:337-343.
101. Tu Y, Zheng G, Ding G, Wu Y, Xi J, Ge Y, Gu H, Wang 

Y, Sheng J, Liu X, Jin L, Huang H. Comparative analysis 
of lower genital tract microbiome between PCOS and 
healthy women. Front Physiol. 2020; 11:1108.

102. Zhou F, Xing Y, Cheng T, Yang L, Ma H. Exploration of 
hub genes involved in PCOS using biological informatics 
methods. Medicine (Baltimore). 2022; 101:e30905.

103. Wei J, Wang R, Li CX, Luo XY, Liang ZW, Yao L. 
Expression of steroid hormone receptors and integrins in 
the endometrium during the window period of untreated 
polycystic ovary syndrome. Journal of Practical Medicine. 
2009; 25:3979-3982.

104. Torres PJ, Siakowska M, Banaszewska B, Pawelczyk 
L, Duleba AJ, Kelley ST, Thackray VG. Gut microbial 
diversity in women with polycystic ovary syndrome 
correlates with hyperandrogenism. J Clin Endocrinol 
Metab. 2018; 103:1502-1511.

105. Z h e n g Y, Yu J , L i a n g C , L i S , We n X , L i Y. 
Characterization on gut microbiome of PCOS rats 
and its further design by shifts in high-fat diet and 
dihydrotestosterone induction in PCOS rats. Bioprocess 
Biosyst Eng. 2021; 44:953-964.

106. Yang YY, Pereyra LP, Young RB, Reardon KF, Borch T. 
Testosterone-mineralizing culture enriched from swine 
manure: Characterization of degradation pathways and 
microbial community composition. Environ Sci Technol. 
2011; 45:6879-6886.

107. Ridlon JM, Ikegawa S, Alves JM, et al. Clostridium 
scindens: A human gut microbe with a high potential to 
convert glucocorticoids into androgens. J Lipid Res. 2013; 
54:2437-2449.

108. Zeibich L, Koebele SV, Bernaud VE, Ilhan ZE, Dirks B, 
Northup-Smith SN, Neeley R, Maldonado J, Nirmalkar 
K, Files JA, Mayer AP, Bimonte-Nelson HA, Krajmalnik-
Brown R. Surgical menopause and estrogen therapy 
modulate the gut microbiota, obesity markers, and spatial 
memory in rats. Front Cell Infect Microbiol. 2021; 
11:702628.

109. Qi X, Yun C, Sun L, Xia J, et al. Gut microbiota-bile 
acid-interleukin-22 axis orchestrates polycystic ovary 
syndrome. Nat Med. 2019; 25:1225-1233.

110. Zhang J, Sun Z, Jiang S, Bai X, Ma C, Peng Q, Chen K, 
Chang H, Fang T, Zhang H. Probiotic bifidobacterium 
lactis V9 regulates the secretion of sex hormones in 
polycystic ovary syndrome patients through the gut-brain 
axis. mSystems. 2019; 4:e00017-19.

111. Aversa A, La Vignera S, Rago R, Gambineri A, Nappi RE, 
Calogero AE, Ferlin A. Fundamental concepts and novel 
aspects of polycystic ovarian syndrome: Expert consensus 
resolutions. Front Endocrinol (Lausanne). 2020; 11:516.

112. Cunningham AL, Stephens JW, Harris DA. Intestinal 
microbiota and their metabolic contribution to type 2 
diabetes and obesity. J Diabetes Metab Disord. 2021; 
20:1855-1870.

113. Svensson A, Brunkwall L, Roth B, Orho-Melander M, 
Ohlsson B. Associations between endometriosis and gut 
microbiota. Reprod Sci. 2021; 28:2367-2377.

114. Ata B, Yildiz S, Turkgeldi E, Brocal VP, Dinleyici EC, 
Moya A, Urman B. The endobiota study: Comparison of 
vaginal, cervical and gut microbiota between women with 
stage 3/4 endometriosis and healthy controls. Sci Rep. 
2019; 9:2204.

115. Leonardi M, Hicks C, El-Assaad F, El-Omar E, Condous G. 
Endometriosis and the microbiome: A systematic review. 

BJOG. 2020; 127:239-249.
116. Wei Y, Tan H, Yang R, Yang F, Liu D, Huang B, OuYang 

L, Lei S, Wang Z, Jiang S, Cai H, Xie X, Yao S, Liang 
Y. Gut dysbiosis-derived β-glucuronidase promotes 
the development of endometriosis. Fertil Steril. 2023; 
120:682-694.

117. Uzuner C, Mak J, El-Assaad F, Condous G. The 
bidirectional relationship between endometriosis and 
microbiome. Front Endocrinol (Lausanne). 2023; 
14:1110824.

118. Baj A, Moro E, Bistoletti M, Orlandi V, Crema F, Giaroni 
C. Glutamatergic signaling along the microbiota-gut-brain 
axis. Int J Mol Sci. 2019; 20:1482.

119. Brooks RA, F leming GF, Las t ra RR, Lee NK, 
Moroney JW, Son CH, Tatebe K, Veneris JL. Current 
recommendations and recent progress in endometrial 
cancer. CA Cancer J Clin. 2019; 69:258-279.

120. Borella F, Carosso AR, Cosma S, Preti M, Collemi G, 
Cassoni P, Bertero L, Benedetto C. Gut microbiota and 
gynecological cancers: A summary of pathogenetic 
mechanisms and future directions. ACS Infect Dis. 2021; 
7:987-1009.

121. Caselli E, Soffritti I, D'Accolti M, Piva I, Greco P, 
Bonaccorsi G. Atopobium vaginae and Porphyromonas 
somerae induce proinflammatory cytokines expression in 
endometrial cells: A possible implication for endometrial 
cancer? Cancer Manag Res. 2019; 11:8571-8575.

122. Neggers YH, Nansel TR, Andrews WW, Schwebke JR, 
Yu KF, Goldenberg RL, Klebanoff MA. Dietary intake of 
selected nutrients affects bacterial vaginosis in women. J 
Nutr. 2007; 137:2128-2133.

123. Tohill BC, Heilig CM, Klein RS, Rompalo A, Cu-Uvin S, 
Piwoz EG, Jamieson DJ, Duerr A. Nutritional biomarkers 
associated with gynecological conditions among US 
women with or at risk of HIV infection. Am J Clin Nutr. 
2007; 85:1327-1334.

124. Marchesi JR, Adams DH, Fava F, et al. The gut microbiota 
and host health: A new clinical frontier. Gut. 2016; 
65:330-339.

125. Chen X, Lu Y, Chen T, Li R. The female vaginal 
microbiome in health and bacterial vaginosis. Front Cell 
Infect Microbiol. 2021; 11:631972.

126. Wan Y, Wang F, Yuan J, Li J, Jiang D, Zhang J, Li H, 
Wang R, Tang J, Huang T, Zheng J, Sinclair AJ, Mann J, 
Li D. Effects of dietary fat on gut microbiota and faecal 
metabolites, and their relationship with cardiometabolic 
risk factors: A 6-month randomised controlled-feeding 
trial. Gut. 2019; 68:1417-1429.

127. Barrea L, Arnone A, Annunziata G, Muscogiuri G, 
Laudisio D, Salzano C, Pugliese G, Colao A, Savastano 
S. Adherence to the Mediterranean diet, dietary patterns 
and body composition in women with polycystic ovary 
syndrome (PCOS). Nutrients. 2019; 11:2278.

128. Barrea L, Marzullo P, Muscogiuri G, Di Somma C, 
Scacchi M, Orio F, Aimaretti G, Colao A, Savastano 
S. Source and amount of carbohydrate in the diet and 
inflammation in women with polycystic ovary syndrome. 
Nutr Res Rev. 2018; 31:291-301.

129. Singh P, Rawat A, Alwakeel M, Sharif E, Al Khodor S. 
The potential role of vitamin D supplementation as a gut 
microbiota modifier in healthy individuals. Sci Rep. 2020; 
10:21641.

130. Kalaitzopoulos DR, Samartzis N, Daniilidis A, Leeners B, 
Makieva S, Nirgianakis K, Dedes I, Metzler JM, Imesch 
P, Lempesis IG. Effects of vitamin D supplementation 

473



www.biosciencetrends.com

BioScience Trends. 2023; 17(6):458-474.BioScience Trends. 2023; 17(6):458-474.

in endometriosis: A systematic review. Reprod Biol 
Endocrinol. 2022; 20:176.

131. Shamasbi SG, Ghanbari-Homayi S, Mirghafourvand 
M. The effect of probiotics, prebiotics, and synbiotics 
on hormonal and inflammatory indices in women with 
polycystic ovary syndrome: A systematic review and 
meta-analysis. Eur J Nutr. 2020; 59:433-450.

132. Chenoll E, Moreno I, Sánchez M, Garcia-Grau I, Silva Á, 
González-Monfort M, Genovés S, Vilella F, Seco-Durban 
C, Simón C, Ramón D. Selection of new probiotics for 
endometrial health. Front Cell Infect Microbiol. 2019; 
9:114.

133. Heczko PB, Tomusiak A, Adamski P, Jakimiuk AJ, 
Stefański G, Mikołajczyk-Cichońska A, Suda-Szczurek M, 
Strus M. Supplementation of standard antibiotic therapy 
with oral probiotics for bacterial vaginosis and aerobic 
vaginitis: A randomised, double-blind, placebo-controlled 
trial. BMC Womens Health. 2015; 15:115.

134. Nasri K, Jamilian M, Rahmani E, Bahmani F, Tajabadi-
Ebrahimi M, Asemi Z. The effects of synbiotic 
supplementation on hormonal status, biomarkers of 
inflammation and oxidative stress in subjects with 
polycystic ovary syndrome: A randomized, double-blind, 
placebo-controlled trial. BMC Endocr Disord. 2018; 
18:21.

135. Molina NM, Sola-Leyva A, Saez-Lara MJ, Plaza-Diaz J, 
Tubić-Pavlović A, Romero B, Clavero A, Mozas-Moreno 
J, Fontes J, Altmäe S. New opportunities for endometrial 
health by modifying uterine microbial composition: 
Present or future? Biomolecules. 2020; 10:593.

136. Itoh H, Sashihara T, Hosono A, Kaminogawa S, Uchida 
M. Lactobacillus gasseri OLL2809 inhibits development 
of ectopic endometrial cell in peritoneal cavity via 
activation of NK cells in a murine endometriosis model. 
Cytotechnology. 2011; 63:205-210.

137. Khodaverdi S, Mohammadbeigi R, Khaledi M, 
Mesdaghinia L, Sharifzadeh F, Nasiripour S, Gorginzadeh 
M. Beneficial effects of oral Lactobacillus on pain severity 
in women suffering from endometriosis: A pilot placebo-
controlled randomized clinical trial. Int J Fertil Steril. 
2019; 13:178-183.

138. Antwis RE, Edwards KL, Unwin B, Walker SL, Shultz 
S. Rare gut microbiota associated with breeding success, 
hormone metabolites and ovarian cycle phase in the 

critically endangered eastern black rhino. Microbiome. 
2019; 7:27.

139. Salam MA, Islam MA, Paul SI, Rahman MM, Rahman 
ML, Islam F, Rahman A, Shaha DC, Alam MS, Islam T. 
Gut probiotic bacteria of Barbonymus gonionotus improve 
growth, hematological parameters and reproductive 
performances of the host. Sci Rep. 2021; 11:10692.

140. Guo Y, Qi Y, Yang X, Zhao L, Wen S, Liu Y, Tang L. 
Association between polycystic ovary syndrome and gut 
microbiota. PLoS One. 2016; 11:e0153196.

141. Chadchan SB, Popli P, Ambati CR, Tycksen E, Han 
SJ, Bulun SE, Putluri N, Biest SW, Kommagani R. Gut 
microbiota-derived short-chain fatty acids protect against 
the progression of endometriosis. Life Sci Alliance. 2021; 
4:e202101224.

142. Cao S, Guo D, Yin H, Ding X, Bai S, Zeng Q, Liu J, 
Zhang K, Mao X, Wang J. Improvement in ovarian 
function following fecal microbiota transplantation from 
high-laying rate breeders. Poult Sci. 2023; 102:102467.

143. Moreno I, Simon C. Deciphering the effect of reproductive 
tract microbiota on human reproduction. Reprod Med 
Biol. 2018; 18:40-50.

144. Koedooder R, Mackens S, Budding A, Fares D, Blockeel 
C, Laven J, Schoenmakers S. Identification and evaluation 
of the microbiome in the female and male reproductive 
tracts. Hum Reprod Update. 2019; 25:298-325.

145. Shahi SK, Zarei K, Guseva NV, Mangalam AK. 
Microbiota analysis using two-step PCR and next-
generation 16S rRNA gene sequencing. J Vis Exp. 2019; 
152:10.3791/59980.

Received June 11, 2023; Revised December 6, 2023; Accepted 
December 13, 2023.

§These authors contributed equally to this work.
*Address correspondence to:
Ling Wang and Lisha Li, Laboratory for Reproductive 
Immunology, Obstetrics and Gynecology Hospital of Fudan 
University, 419 Fangxie Road, Shanghai 200011, China.
E-mail: dr.wangling@fudan.edu.cn (WL); lishasmv@163.com 
(LL)

Released online in J-STAGE as advance publication December 
17, 2023.

474


