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Abstract

The vaginal microbiota, predominantly determined by Lactobacillus species, has a significant impact on women’s health through the
production of lactic acid, which maintains a low pH in the vagina and prevents the development of detrimental pathogens. A vaginal infection
known as bacterial vaginosis; results from a disturbance in microbial ecosystem equilibrium, favoring the growth of anaerobic bacteria such
as Atopobium vaginae and Gardnerella vaginalis, along with a loss of Lactobacillus species. Dysbiosis, the imbalance of vaginal microbiota, is
marked by increased susceptibility to Sexually Transmitted Infections (STIs), Pelvic Inflammatory Disease (PID), Adverse Pregnancy
Outcomes (APOs), and persistent infections. Although diagnosing bacterial vaginosis uses clinical strategies, such as variability among
observers, these methods may have limitations. Advances in molecular diagnostics, like Next-generation sequencing, have enhanced our
understanding of bacterial vaginosis mechanisms, emphasizing the activity of biofilms and the interactions among different microbial species
that play a crucial role in disease relapse and persistence. Despite all therapeutic strategies or treatments, bacterial vaginosis recurs in 50%
of women after almost six months. The global burden of BV can be alleviated through advancements in research and innovation, ultimately
benefiting women'’s health and well-being.
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Introduction

Vaginal microbiome is the well-defined region of the human microbiota. The vaginal microbiota is established by the bacteria that are
fundamental in maintaining homeostasis and women'’s health. Lactobacilli species are the most dominant among all bacteria. The loss of balance
in the vaginal microbiota encourages various infections such as bacterial vaginosis (Diop et al., 2019). The excess of pathogens, including
Gardnerella spp., Prevotella spp., Mobilincus species, Megaspahera spp., Sneathea spp., and mixed vaginal anaerobes, can cause BV. This
microbiota is characterized by lowlevels of diversity and a dynamic composition that changes in response to various endogenous and exogenous
factors (Yoo et al., 2022).

Ironically, an increase in microbial diversity may indicate Dysbiosis, such as bacterial vaginosis (BV). Women’s health is greatly
influenced by the vaginal microbiota, which also effect the fatal development, infections, and reproductive outcomes. Bacterial Vaginosis
or Vaginal Dysbiosis, is one of the most common vaginal conditions and is linked to abnormal changes in vaginal microbiota. BV poses a
serious public health risk to women of reproductive age, their offspring, and their partners since it is associated with poor reproductive
health outcomes. Preterm birth, miscarriage, pelvic inflammatory disease, and an elevated risk of HIV acquisition and transmission are
among them. More than 100 trillion microbial communities that live in the human gut. It has a mutualistic relationship with its host and
plays a significant role in the host's metabolism by, for example, producing vitamins and other metabolites that are essential to the host’s
physiology. (Okoth et al., 2020). Therefore, severe alterations in the makeup and activity of intestinal microbe, known as gut microbiota
Dysbiosis, are linked to neurological, respiratory, metabolic, hepatic, and cardiovascular diseases in addition to gastroenteritis. Although
they are present in extra intestinal organs such the epidermis, nasal and oral cavities, and vagina, bacteria do not outhumber 1012/g in
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these areas. A Dysbiosis of the vaginal microbiota is characterized by a shift from Lactobacilli dominance to a combination of other anaerobic
bacteria, BV is very common vaginal infections among women of reproductive age worldwide. Traditional antibiotic therapy often fails,
and the pathophysiology of BV is still poorly understood, with an estimated 50% relapse rate at six-month follow-up (Abou Chacra et al.,
2022). A laboratory test making use of the Nugent scoring system or a clinical assessment using Amsel's criteria can be used to diagnose
BV. Both strategies have shortcomings, especially the heterogeneity between observers, which can compromise the precision of the
diagnosis depending on the education and experiences of the assessor, even though they are widely used and considered the "gold standard"
for BV diagnosis. Two significant barriers to the development of innovative diagnostic assays are the absence of a common case definition
and our incomplete understanding of the genesis of BV (Sobel & Sobel, 2021). Next-generation sequencing (NGS) and further recent
advancements in molecular and high-throughput sequencing technologies have proven that BV is complex, impacted by host,
microbiological, epidemiological, and social factors. Characteristic diagnostic methods, identification of Bacterial vaginosis, and treatment
strategies are the main focus of this study.

Pathophysiological Mechanisms

Bacterial vaginosis (BV) is polymicrobial disorder of the lower genital tract that is indicated by the dysbiosis- change in the composition
of the vaginal microbiota that leads to the deprivation of lactobacillus, raise in the vaginal pH and enhanced growth of detrimental gram-
negative and positive facultative or obligate anaerobic bacteria, such as Gardnerella vaginalis, Atopobium vaginae, Ureaplasma urealyticum,
Mycoplasma hominis, Leptotrichia spp., and some others. The particular constitution of vagina can vary in different women. The anaerobic
coccobacillus, Gardnerella vaginalis, is a persistent suspect in the pathophysiology and diagnosis of bacterial vaginosis (Amabebe & Anumba,
2022). Additionally, one important factor in the etiology of bacterial vaginosis is the development of polymicrobial biofilm, in which bacteria
associated with BV form biofilm and become more resistant to specific antibiotic treatment strategies, and easily protect themselves from
the host’s immune system. The composition of a biofilm is influenced by the harmful bacterial strains present in the vaginal microbiota,
vaginal pH and surface characteristics that lead to pain, irregular discharge and inflammation of the vaginal mucosa shown in Fig. 1 (Carson
et al., 2021).

Fig. 1: Highlights the

ph<4.5 2 [ Mucus Degradation | ph>4.5 pathophysiological
M,c—<|:n—-c\

processes that lead to
OH

e o Lactic @@ @ He the. disturbance f)f
acid / vaginal  homeostasis,

T emphasizing the roles

| 2 played by inflammation,

H+ He mminac - biofilm formation, pH

o ‘ : imbalance, and

P — % Lactobacillus depletion

ré%,@%& y}'—'a?% Y (Rederived from
(= D S d D \\\) y @ @ 1 ® ) Biorender).

| @ | @ | @ | Lactobacillus ‘ \// \| @ ] O \
e — depletion b 2 7 ;
(55 S [

\ o ~ = 1; J > l/ < - \ J
|

| @& | @&
) | &

This is a thorough explanation:

1. Normal State (pH < 4.5): Lactobacillus species produce “lactic acid” and hydrogen ions (H+) to maintain the vaginal pH below 4.5 under
normal conditions (Navarro et al., 2023). These acidic condition aids in maintaining the mucous layer and epithelial barrier while inhibiting
the development of pathogenic microbes.

2. Lactobacillus Depletion: Less lactic acid is produced when Lactobacillus populations are disturbed (for instance, by drugs, hormonal
changes, or infections). As a result, the pH of the vagina increase (to >4.5), which makes the environment more conducive to the development
of harmful bacteria (Das & Konwar, 2024).

3. Pathogen Overgrowth: When Lactobacillus is absent, opportunistic pathogens (such as Gardnerella vaginalis or other anaerobes)
proliferate. These infections use enzymatic activity to break down the protective mucus layer.

4. Inflammation and Cytolysis: Toxins and enzymes emitted by pathogens that lead to inflammation and epithelial cell cytolysis, or cell death
(Lucas et al., 2020). This increases the risk of infection even more and contributes to breaking down the epithelial barrier.

5. Biofilm Formation: Harmful bacteria adapt to envelope themselves in a protective layer, biofilm that leads to the development of antibiotic
resistance, which causes uncontrolled, long-lasting microbial infections (Rather et al., 2021).

6. Disruption of mucosal barrier: the disrupted vaginal barrier leads to the loss of membrane function which helps bacterial vaginosis to
overcome the host defense and antimicrobial substances which causes more occurrence of infections (Amabebe & Anumba, 2022).
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An overview of Pathophysiology

Trigger: An outstanding reduction in the Lactobacillus species provides an ideal environment for the pathogen’s growth, which affects
women in different ways, such as bacterial vaginosis or other reproductive health issues (Sadeghpour Heravi, 2024). Ultimately the vaginal
barrier is disturbed, leading to the elevated risk of bacterial vaginosis, infertility, pelvic inflammatory disease, sexually transmitted infections,
and other upper genital tract infections (Ravel et al., 2021).

Mechanisms of Biofilm Protection
H202 (Hydrogen Peroxide) and Antibiotic Resistance

By providing physical protection against hydrogen peroxide, which produced by the typical lactobacilli in the vagina, the biofilm structure
helps to maintain a healthy vaginal environment. By protecting the bacteria in biofilms, the harmful effects of H202 are reduced, allowing the
BV-associated germs to thrive (Pendharkar et al., 2023). It is recognized that biofilms can spread antibiotic resistance. This resistance arises
because the biofilm matrix inhibits antibiotic penetration and because the bacteria within the biofilm may be in a metabolically inactive
condition, making them less vulnerable to medications that target active activity (Khan et al., 2021). When bacteria in biofilms exchange genes
linked to antibiotic resistance, treatment becomes even more challenging.

Clinical Implications

Many facets of women’s health are significantly impacted clinically by bacterial vaginosis. Women with BV are more susceptible to STIs,
including HIV, due to alteration in the vaginal environment that may impair the immune system and mucosal barrier. There may be a greater
risk of contracting and spreading illnesses like gonorrhea and chlamydia when BV is present (Aljamali et al., 2021). Furthermore, it has been
demonstrated that Bacterial vaginosis is associated with tubal infertility as well as enhanced risk of preclinical pregnancy loss, preterm delivery,
and voluntary abortion, and also impacts pregnancy consequences. Additionally, following a hysterectomy, surgical abortion, or delivery,
bacterial vaginosis increases the possibility of obstetric and gynecological postoperative site infections. Multiple adverse outcomes, including
long duration stays at the hospital, reoperations, or sepsis, are correlated to these infections (Soper, 2020). Moreover, bacterial vaginosis poses
a threat to women’s reproductive wellness, emotional health, and financial well-being. Women'’s hygiene practices, socioeconomic status,
medical history, and other factors are included in the risk aspects. These detrimental characteristics change the vaginal immunity and endocrine
function which facilitates the recurrence of bacterial vaginosis (Zeng et al., 2023). Additionally, BV has been associated with a higher prevalence
of other disorders that may impact cervical health, such as cervical infections. With relapse rates of roughly 50% within six months of treatment,
many women continue to have more complex issues. The consequences of BV highlight the significance of the early identification of women at
risk, effective treatment, and the provision of all-encompassing management techniques.

Normal Vaginal Microbiome

Normal vaginal Microbiome Lactobacilli create hydrogen peroxide and bacteriocins, two antibacterial compounds that help shield the
vagina from infection (Miko & Barakonyi, 2023). This stability in microbiota is crucial to intercept Dysbiosis, a state characterized by the
imbalance of microbial populations in sexual health.

Microbiome Diversity: A Pathway to Optimal Vaginal Health

The vaginal microbiome, which is comprised mainly of different types of bacteria, is vitally important to women'’s reproductive health and
overall health state (Kalia et al., 2020). The most widespread species in healthy people is Lactobacilli. The variety of microbial species present
in vaginal environment is known as microbiome diversity, establishing a healthy balance is essential for both preventing infections and ensuring
good health. A diversified and stabilized microbiome encourages the immune system by promoting a healthy inflammatory response, which
reduces the risk of chronic inflammation associated with several reproductive health issues (Amabebe & Anumba, 2020). A balanced microbiota
also improves the vagina's resistance to colonization by detrimental pathogens because different microbial communities produce metabolites
and antimicrobial substances that interfere with growth of pathogen. Probiotics may assist in the remodeling and maintenance of a healthy
vaginal microbiome, especially post antibiotic therapy. It is advised to conduct Gynecological examination to ensure good vaginal health and
safety of the women. Women should also be informed about appropriate sexual habits or hygiene measures (Graziottin, 2024).

Diagnosis of BV

Appropriate diagnostic techniques are essential for diagnosing bacterial vaginosis infection. Traditionally, BV can be identified through
microscopic and clinical processes, but these methods require time, expertise, and high specificity. Advanced diagnostic methods, such as highly
specific and sensitive point-of-care (POC) tests, and the identification of biomarkers, can be employed to design the course of therapy and
vaccines (Redelinghuys et al., 2020). It is also important to gain insights into the patient’s history and follow the appropriate treatment method.
Certain characteristics of vaginal discharge must be considered, such as onset, duration, menstruation time, odor, consistency, and colour
(Vanishree & Tahir, 2020).

Amsel’s Criteria

It is the most widely used method to clinically diagnose bacterial vaginosis. It was first introduced in 1983. It presents some of the aspects
(a) a thin, uniform vaginal discharge with grayish-white colour, (b) a vaginal pH of >4.5, (c) a fishy odor indicating positive whiff test following
the mixture of KOH and vaginal secretions), (d) at least 20% presence of clue cells per high-power field on wet mount of vaginal secretions.
Clue cells are vaginal epithelial cells, showing a grainy border freckled appearance (Muzny et al., 2023).
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Vaginal pH: The normal healthy vaginal microbiome is directed by Lactobacillus species that metabolize glycogen which leads to the lowering
of vaginal pH (3.5-4.5). In the case of bacterial vaginosis, when lactobacilli are eradicated, and enhanced growth of other bacterial species
occurs, the vaginal pH is raised to 4.5 or above.

Whiff test: The amine test, also called the Whiff test, is used to determine the presence of bacterial vaginosis if there is an ammoniacal
smell. When the vaginal secretions are placed on a sterile glass slide, two drops of 10% KOH are added. The slide is mounted by setting
down a cover slip on it. The slip should be devoid of trapped air bubbles. At the end, the slide is examined by a functioning microscope
(Jishna et al., 2024).

System of Nugent Scoring

It is a popular method to identify bacterial vaginosis through the Gram-stained vaginal smears. This system was established by Dr. Robert
Nugent in the 1980s for evaluating vaginal microbiota (Carson et al., 2021). The Nugent scoring is classified into three categories: (a) 0-3 as
normal vaginal flora indicating Lactobacillus as “Dominant species”, (b) 4-6 represents altered vaginal flora, (c) 7-10 indicates the presence of
BV. However, a calculation by this score system consumes more time and could be affected by the technician’s skill (Wang et al., 2021).

BV Symptoms and Their Effects on Health

According to some studies, almost 50-75% of women suffering from bacterial vaginosis don’t show any symptoms. Others may experience
vaginal discharge or odor. The discharge may appear thin, smooth, off-white, or grayish. Bacterial vaginosis has a typical undesirable “fishy
odor”. This vaginal odor becomes more dominant following sexual activities and during menstruation (Ellington et al., 2020). BV may not
develop recognizable vaginal pain, redness or swelling that’s why it becomes more challenging to diagnose bacterial vaginosis as compared to
other infections. BV might have serious health hazards and repercussions if treatment is not obtained. One of the primary concerns is an
increased susceptibility to STIs, such as chlamydia, gonorrhea, and HIV, as BV changes the natural vaginal flora and weakens the body's defenses
against these illnesses (Vieira-Baptista & Bornstein, 2019). BV is linked to several obstetric problems in pregnant women, including low birth
weight, late miscarriage, and premature delivery, because of infections that enter the reproductive system. As the changed vaginal microbiota
can induce pathogenic bacteria to surgical areas, especially after surgeries such as hysterectomy or abortion, bacterial vaginosis can also
increase the risk of post-surgical infection. Early development lessens these risks and improves reproductive health and the quality of life.

Treatment

An imbalance in the vaginal natural flora causes bacterial vaginosis, a frequent vaginal disease. Antimicrobial treatment is essential to
restore balance and decrease symptoms like discomfort, odor, and irregular discharge (Corea et al., 2024). The most widely prescribed therapies
for BV are described in Table 1, along with their duration, potential side effects, and administration methods. These treatments are subjected
to eliminate detrimental bacteria, re-establish the vaginal microbiome, and prevent reappearance of disease (Mendonga et al., 2019). Although
the main therapeutics are antibiotics like metronidazole and clindamycin, probiotics and boric acid can also be applicable as additional
measures, especially in cases of recurrent bacterial vaginosis. Patients must go through the entire prescribed treatment to ensure the effective
removal of the infection and reduce the possibility of consequences.

Table 1: Antimicrobial treatment of Bacterial vaginosis

Treatment Option Description Mode of Duration of Common Side References
Administration Treatment Effects
Antibiotics The most often prescribed medicine for BV. Oral (500 mg twice 7 days (oral) or Nausea, headache, (Anstey
(Metronidazole) It functions by preventing the growth of daily) or topical gel 5 days (topical) metallic taste, Watkins et
bacteria. (5 g, once daily) vaginal irritation  al.,2019)
Clindamycin An additional antibiotic alternative for BV Oral (300 mg twice 7 days Diarrhea, nausea, (Luchian et
treatment that works well against the daily) or vaginal vaginal discomfort, al., 2021)
overabundance of some bacteria. cream (5 g, once at and risk of yeast
bedtime) infection
Tinidazole Like metronidazole, it is used to treat bacterial Oral (2 g once daily) 5 days Nausea, headache, (Abd El Aziz
infections, including BV. metallic taste, et al.,, 2019)
dizziness
Probiotics Probiotics may aid in reestablishing the proper Oral supplements Ongoing use, as Generally safe, (Mashatan et
balance of beneficial bacteria in vagina, even (various recommended mild digestive al,, 2023)
though they are not an antibiotic. formulations) upset in some
cases
Boric Acid Boric Acid, a suppository treatment for Vaginal suppositories 7-14 days Vaginal irritation, (Faught &
recurrent BV, is believed to aid in restoring the (600 mg, once or burning sensation Reyes, 2019).
microbial balance and vaginal Ph. twice daily)
Multidose Vaginal For moderate BV symptoms, Over-the-counter Vaginal gel (varies by Typically used Vaginal (Potter &
Gels vaginal gels can be helpful. By hydratingand  brand) until symptoms discomfort, Panay, 2021)
restoring vaginal Ph, they offer comfort. resolve burning, or
irritation
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Challenges in BV Treatment

Even though some antibiotics work well against the bacteria that cause bacterial vaginosis and provide some relief from the symptoms, the
recurrence is typically possible in many patients with bacterial vaginosis after treatment. The incapability of antibiotics to completely eradicate
the biofilm-associated bacteria of bacterial vaginosis may be the leading cause of the high relapse rate (between 50% and 67%) (Chen et al.,
2021). The factors causing bacterial vaginosis are still ambiguous, but new advanced developments, such as Next-generation sequencing, show
that bacterial vaginosis is complex and impacted by:

e  Social factors.

e  Epidemiological factors.

e  Microbiological factors.

e  Host factors.

1. Social Factors of BV Treatment and Management

The economic, behavioral, and cultural factors critically impact the treatment and management of bacterial vaginosis. Some of the social aspects
are elaborated as: Awareness about Sexual Health: women lack the right information about the prevention and treatment of bacterial vaginosis
due to the lack of resources, proper diagnosis of the disease or infection (Heidt et al., 2020).

Cultural Norms: Traditional attitudes towards hygiene practices increase the risk of bacterial vaginosis, so proper knowledge about preventive
measures, treatment, and culturally competent medical care should be given to women (Davidson et al., 2022).

2. Epidemiological Factors in the BV Treatment and Management

High Prevalence and Recurrence: BV is a frequent vaginal infection especially among women following sexual activity. Almost 30-50% of
cases relapse within six months of treatment (Cohen et al., 2020).
Sexual Behavior: BV is more likely to appear in cases involving multiple partners or unprotected sexual relations, regardless of being classified
as an STI, making prevention more difficult (Workowski, 2021).
Co-infections: TB often occurs in association with HIV and chlamydia, which enhances susceptibility to STI transmission and makes the
diagnosis more complicated.

3. Microbiological Factors in the BV Treatment and Management
Understanding microbiological components is pivotal for a personalized approach, decreasing the risk of recurrence, and addressing
problems associated with antibiotic resistance (Bassetti et al., 2022). Microbiological factors include the bacterial environment of the vagina
and the challenges of stabilizing it:
e  Disturbance of the vaginal
e  The Formation of Flora Biofilms
. Resistance to antibiotics
. Problems with the efficacy of Treatment)

4. Host Factors in the BV Treatment and Management

The distinct physical aspects of a woman that can impact the onset, progression, and treatment of BV include various host variables:
Immunological System: Differences in immune responses influence susceptibility, severity, and effectiveness of treatment (Jacobsen and Klein,
2021). Hormonal Changes: The pregnancy and menopause impact pH and immunity of the vagina which elevates the risk of bacterial
vaginosis.
Vaginal pH and Lactobacillus: Decreased Lactobacillus levels enhance pH, which contributes to the pathogenic bacteria and makes the
treatment complex (Zoghi, 2021).
Genetics: Inherited predisposition may influence susceptibility and recurrent infections. Obesity, diabetes, and HIV, alters the microbiome of
vagina which ultimately raises the risk of bacterial vaginosis.
Age & Sexual Activity: Bacterial vaginosis is more prevalent in sexually active women, although it can also influence women going through
menopause (Van Gerwen, 2023).

Conclusion

A persistent vaginal dysbiosis, has leading health influences on women, including high susceptibility to sexually transmitted infections,
adverse reproductive consequences, and repeated occurrence. Its complicating pathophysiology involves the development of Biofilm, reduction
in lactobacillus species, and raised vaginal pH that provide resistance to antimicrobial therapy. Variability plagues clinical diagnosis, which has
historically depended on Amsel’s criteria or Nugent scoring. This emphasizes the need for next-generation sequencing (NGS) and other more
accurate molecular diagnostic techniques. High recurrence rates highlight the limitations of antibiotics, which continue to be the cornerstone
of BV treatment. Addressing this requires research into novel therapies such as targeted microbiota manipulation. Understanding the
interactions between host, microbial, and environmental factors is crucial for better BV management. Globally, women's health and results can
be significantly enhanced by comprehensive strategies that include state-of-the-art therapies, improved diagnostics, and preventative measures.
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