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Introduction

Bacterial vaginosis (BV) is a complex polymicrobial infection 
of the vaginal microbiota that affects millions of women globally [1, 
2]. The condition is characterized by a decrease in the abundance 
of lactobacilli, which are considered to be beneficial bacteria in the 
vaginal ecosystem, and an overgrowth of anaerobic bacteria, such 
as Gardnerella vaginalis [3]. BV is associated with various negative 
health outcomes, including preterm birth, pelvic inflammatory 
disease, and increased risk of sexually transmitted infections 
(STIs) [4]. G. vaginalis is a Gram-variable, facultatively anaerobic 
bacterium that is commonly associated with BV [5, 6]. It is one of 
the most frequently isolated organisms in women with BV and is 
known to be capable of biofilm formation, epithelial cell adherence, 
and production of virulence factors [7]. These properties enable the 
bacterium to colonize the vaginal epithelium and cause a dysbiosis 
of the vaginal microbiota. Despite extensive research efforts, the 
exact role of G. vaginalis in the pathogenesis of BV remains unclear. 
Some studies suggest that G. vaginalis is a keystone species that 
drives the dysbiosis of the vaginal microbiota, while others propose 
that it is a secondary colonizer that takes advantage of the altered 
vaginal environment [8,9]. Nevertheless, there is strong evidence 
that G. vaginalis is an important contributor to the development 
of BV, and that its presence is strongly associated with the 
condition [10]. Advancements in high-throughput sequencing and 
metagenomic analysis have facilitated a deeper understanding 
of the composition and function of the vaginal microbiota. These 
studies have revealed a high degree of microbial diversity in the 
vaginal ecosystem, and have demonstrated that disturbances to 
this delicate balance can have profound effects on reproductive 
health [11]. Further research is needed to elucidate the complex 
interactions between G. vaginalis, the vaginal microbiota, and the 
host, and to develop more effective diagnostic and therapeutic 
strategies for BV.

 
Microbial Ecology of the Vaginal Microbiome

The vaginal microbiome is a complex and dynamic ecosystem 
that is inhabited by a diverse array of microorganisms. In recent 
years, there has been a growing appreciation for the role of the 
vaginal microbiota in women’s reproductive health, with mounting 
evidence linking disruptions in the microbiota to a range of 
adverse outcomes, including preterm birth, pelvic inflammatory 
disease, and sexually transmitted infections [12, 13]. The microbial 
ecology of the vaginal microbiome is shaped by a number of 
factors, including hormonal fluctuations, sexual activity, and host 
genetics, and is subject to inter- and intra-individual variation 
[14]. Lactobacilli are considered to be the cornerstone of a healthy 
vaginal microbiota. These bacteria produce lactic acid, which 
maintains an acidic pH in the vaginal environment and helps to 
prevent the overgrowth of potentially harmful microorganisms 
[15]. However, the vaginal microbiome is not a static entity, and 
disturbances in the balance of microbial populations can result 
in dysbiosis and the development of conditions such as BV. BV 
is characterized by a reduction in the abundance of lactobacilli 
and an overgrowth of anaerobic bacteria, such as Gardnerella 
vaginalis and Atopobium vaginae [16]. The role of G. vaginalis 
in the pathogenesis of BV has been the subject of intense study. 
While G. vaginalis is not always present in women with BV, it is 
often the dominant species, and is thought to play a key role in 
the disruption of the vaginal microbiota [17,18]. In addition to 
producing biofilms and virulence factors, G. vaginalis is capable 
of modulating host immune responses and has been shown to 
induce inflammatory cytokine production in vaginal epithelial 
cells [19,20]. Advancements in sequencing technologies and 
bioinformatic analyses have greatly expanded our understanding 
of the composition and function of the vaginal microbiome. Studies 
have revealed a high degree of microbial diversity in the vaginal 
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ecosystem, with numerous species of bacteria, fungi, and viruses 
coexisting in a delicate balance [21]. Further research is needed to 
fully elucidate the complex interactions between the microbiota, 

the host, and environmental factors, and to develop more effective 
strategies for the prevention and treatment of conditions such as 
BV (Figure 1). 

Figure 1: Normal vaginal flora vs. Bacterial vaginosis.

Gardnerella Vaginalis: Taxonomy and Pathogenesis

Gardnerella vaginalis is a gram-variable, facultative anaerobic 
bacterium that is commonly found in the female urogenital tract. 
It was first isolated and described by Gardner and Dukes in 1955 
[22]. G. vaginalis is a fastidious organism and requires specific 
growth conditions, including the presence of iron and a pH of 
around 6.0-6.2, to grow optimally [23]. G. vaginalis is a member of 
the phylum Actinobacteria, and the genus Gardnerella is currently 
composed of two species, G. vaginalis and Gardnerella leopoldii 
[24]. The taxonomic position of G. vaginalis has been the subject of 
some controversy, with some researchers proposing that it should 
be reclassified as Bifidobacterium vaginalis due to its similarity 
to other members of this genus [25]. However, most taxonomic 
schemes currently classify G. vaginalis as a distinct genus within 
the Actinobacteria. 

The pathogenesis of G. vaginalis is complex and multifactorial. 
It is thought that G. vaginalis contributes to the development 
of bacterial vaginosis (BV) by producing biofilms and other 
extracellular products that can cause dysbiosis and disrupt the 
normal vaginal microbiota [26]. G. vaginalis has been shown to 
modulate host immune responses, induce inflammation, and 
produce virulence factors that may contribute to the pathogenesis 
of BV [27,28].

One of the key virulence factors produced by G. vaginalis 
is sialidase, an enzyme that cleaves sialic acid residues from 
host glycoproteins and glycolipids [29]. This activity has been 
shown to promote bacterial adherence and colonization, as well 
as to facilitate the acquisition of nutrients from host tissues 
[30]. In addition, G. vaginalis produces several other enzymes 
and metabolites that may contribute to the pathogenesis of BV, 
including proteases, lipases, and hydrogen peroxide [31]. Despite 
the significant progress that has been made in understanding the 
taxonomy and pathogenesis of G. vaginalis, there is still much to 
learn about this organism and its interactions with the host and 
the vaginal microbiome. Future research will be needed to further 
elucidate the molecular mechanisms underlying G. vaginalis 
pathogenesis, as well as to develop new approaches for the 
prevention and treatment of BV.

Mechanisms of Gardnerella Vaginalis Colonization 
and Persistence

Gardnerella vaginalis is a Gram-variable, facultative anaerobic 
bacterium that is commonly associated with bacterial vaginosis 
(BV). BV is a condition that is characterized by a shift in the vaginal 
microbiome from a lactobacillus-dominated community to one 
that is dominated by G. vaginalis and other anaerobic bacteria 
[32]. While the exact mechanisms by which G. vaginalis colonizes 
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and persists in the vaginal environment are not fully understood, 
recent studies have shed light on some of the key factors involved. 
One important factor is the ability of G. vaginalis to adhere to 
and form biofilms on vaginal epithelial cells. Biofilm formation 
is thought to be critical for the persistence of G. vaginalis in the 
vaginal environment, as it provides protection against host 
immune responses and antimicrobial agents [33]. The ability of 
G. vaginalis to form biofilms is mediated by a number of surface-
associated proteins and extracellular matrix components, 
including pili, exopolysaccharides, and extracellular DNA [34,35].

Another key mechanism of G. vaginalis colonization and 
persistence is its ability to modulate host immune responses. G. 
vaginalis is capable of inducing the production of pro-inflammatory 
cytokines and chemokines by vaginal epithelial cells and immune 
cells, which can contribute to the pathogenesis of BV [36,37]. G. 
vaginalis is also able to suppress the production of antimicrobial 
peptides and other immune effectors, which may contribute to 
its ability to persist in the vaginal environment [38]. In addition 
to these mechanisms, recent studies have identified a number of 
other factors that may contribute to G. vaginalis colonization and 
persistence in the vaginal environment. These include the ability 
of G. vaginalis to utilize a variety of carbon and nitrogen sources, 
as well as to produce enzymes that can degrade host extracellular 
matrix components [39,40].

Overall, the mechanisms of G. vaginalis colonization and 
persistence in the vaginal environment are complex and 
multifactorial. Further research is needed to fully elucidate the 
role of these various mechanisms in the pathogenesis of BV and to 
develop more effective strategies for the prevention and treatment 
of this common condition.

Impact of Gardnerella Vaginalis on the Vaginal 
Microbial Ecosystem

Bacterial vaginosis (BV) is a common vaginal disorder 
that affects millions of women worldwide and is associated 
with negative health outcomes, including preterm birth, pelvic 
inflammatory disease, and increased risk of sexually transmitted 
infections (STIs) [41,42]. BV is characterized by a shift in the vaginal 
microbiota composition, including a decrease in the abundance 
of lactobacilli and an overgrowth of anaerobic bacteria, such as 
Gardnerella vaginalis (G. vaginalis) [43]. G. vaginalis is considered 
one of the most important pathogens associated with BV, and its 
impact on the vaginal microbial ecosystem is a subject of ongoing 
research [44]. The impact of G. vaginalis on the vaginal microbial 
ecosystem is multifaceted, with bacterium producing a range 
of virulence factors that enable it to colonize and persist in the 
vaginal environment. These factors include sialidase, vaginolysin, 
and biofilm-forming proteins [45,46].

Sialidase is an enzyme that cleaves sialic acid from host 
glycoproteins, which has been shown to promote G. vaginalis 

colonization by facilitating bacterial adherence to host cells and 
mucus [47]. Vaginolysin is a cholesterol-dependent cytolysin that 
disrupts host cell membranes and induces cell death, which may 
contribute to the pathogenesis of BV [48]. Additionally, G. vaginalis 
is capable of forming biofilms, which provide protection against 
host immune defences and antibiotic treatment [49].

The presence of G. vaginalis in the vaginal microbiome has 
also been associated with alterations in the immune response. 
G. vaginalis can induce the production of pro-inflammatory 
cytokines, such as interleukin-1 beta and tumor necrosis factor-
alpha, in vaginal epithelial cells, leading to local inflammation and 
tissue damage [50]. Furthermore, G. vaginalis has been shown 
to modulate the production of antimicrobial peptides, such as 
human beta-defensin 2 and cathelicidin, which are important 
components of t innate immune system [51].

Recent studies have also highlighted the impact of G. vaginalis 
on the vaginal microbiome beyond its role in BV. G. vaginalis has 
been found to coexist with lactobacilli in some women, suggesting 
that it may play a role in shaping the vaginal microbial community 
in both health and disease [52]. G. vaginalis has also been 
implicated in the transmission of sexually transmitted infections, 
including HIV, Chlamydia trachomatis, and Neisseria gonorrhoeae, 
through mechanisms that include disruption of the vaginal 
epithelium and activation of the immune response [53].

In conclusion, G. vaginalis has a significant impact on the 
vaginal microbial ecosystem, both in the context of BV and beyond. 
Its virulence factors enable colonization and persistence in the 
vaginal environment, while its interactions with the host immune 
response and other members of the vaginal microbiome can 
have far-reaching consequences for reproductive health. Further 
research is needed to fully understand the complex interactions 
between G. vaginalis and the vaginal microbiome and to develop 
more effective prevention and treatment strategies for BV and 
related reproductive health outcomes.

Diagnosis and Treatment of Bacterial Vaginosis

Diagnosis and treatment of bacterial vaginosis (BV) is a 
complex process that requires careful consideration of the 
patient’s symptoms, medical history, and vaginal microbiome 
composition. The diagnosis of BV is typically made based on the 
presence of characteristic symptoms, such as vaginal discharge 
with a fishy odour, coupled with microscopic examination of 
vaginal fluid samples [54]. The Amsel criteria and Nugent score 
are the most commonly used methods for diagnosing BV, with the 
latter being considered the gold standard [55].

Once BV is diagnosed, treatment options include antibiotics, 
probiotics, and vaginal pH modulators [54]. Metronidazole and 
clindamycin are the most commonly prescribed antibiotics for BV, 
with both oral and topical formulations available [56]. However, 
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there is growing concern regarding the emergence of antibiotic-
resistant strains of G. vaginalis, which may limit the effectiveness 
of these treatments in the future [57].

Probiotics, such as Lactobacillus spp., have been proposed as 
a potential alternative or adjunctive therapy for BV, with several 
clinical trials showing promising results [58,59]. These probiotics 
can help restore the balance of the vaginal microbiome by 
promoting the growth of lactobacilli and inhibiting the growth of 
pathogenic bacteria, such as G. vaginalis. Vaginal pH modulators, 
such as boric acid and hydrogen peroxide, have also been used to 
treat BV by reducing the vaginal pH to a level that is unfavourable 
for the growth of pathogenic bacteria [60].

However, it is important to note that there are limitations to 
current BV treatments, and recurrence rates remain high [61]. 
Therefore, there is a need for more research to better understand 
the pathogenesis of BV and the role of G. vaginalis in this process. 
This may lead to the development of more effective and targeted 
treatments that address the underlying mechanisms of BV and 
promote a healthy vaginal microbiome. In conclusion, the diagnosis 
and treatment of BV is a complex process that requires a thorough 
understanding of the patient’s symptoms, medical history, and 
vaginal microbiome composition. Antibiotics, probiotics, and 
vaginal pH modulators are currently available treatment options, 
but there are limitations to their effectiveness and recurrence 
rates remain high. Further research is needed to develop more 
targeted and effective treatments for BV and to better understand 
the role of G. vaginalis in the pathogenesis of this condition.

Conclusion and Implications for Clinical Practice

In conclusion, Gardnerella vaginalis plays a critical role in the 
development and maintenance of bacterial vaginosis (BV) and the 
disruption of the vaginal microbial ecosystem. Recent research has 
revealed the complex interactions between G. vaginalis and other 
bacterial species in the vaginal microbiota, highlighting the need 
for a more comprehensive understanding of the pathogenesis of 
BV [62,63]. The diagnosis and treatment of BV remain challenging, 
and there is a need for more sensitive and specific diagnostic tests 
and targeted therapies that do not disrupt the normal vaginal 
microbiota [64].

The emerging role of the vaginal microbiome in women’s 
health suggests that maintaining a healthy vaginal microbial 
ecosystem may have significant implications for the prevention 
and treatment of various gynaecologic and obstetric disorder 
[65]. Clinicians should be aware of the complex interplay between 
G. vaginalis and other bacterial species in the vaginal microbiota 
and the potential impact of disruptions in the vaginal microbial 
ecosystem on women’s health. Managemen0t of BV should involve 
a holistic approach, including lifestyle modifications, and the use 
of probiotics and targeted antibiotics, guided by the results of 
sensitive diagnostic tests [66].

The role of G. vaginalis in the vaginal microbiome and its impact 
on women’s health is an area of active research, and future studies 
should aim to better understand the underlying pathogenesis of 
BV and the role of G. vaginalis in this process. Further research is 
needed to identify novel diagnostic tests and targeted therapies 
that can effectively manage BV while preserving the normal 
vaginal microbiota [67].
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