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ABSTRACT

Bacterial vaginosis (BV) is one of the most common dysbioses among sexually active women (prevalence between 23-29%)).
It is characterized by reduction in the natural microflora of Lactobacillus and overgrowth of anaerobic bacteria, such as
Gardnerella vaginalis. BV is an important risk factor for reproductive health complications, including higher incidence of
sexual transmitted infections (STIs), preterm birth, and infertility. Standard treatment is based on antibiotics like
metronidazole, which is highly effective for alleviating acute symptoms but carries a high recurrence risk (up to 60% within
12 months) due to biofilm formation on the vaginal epithelium, which prevents penetration of medicines and leads to
antibiotic resistance. The primary goal of BV treatment is to ensure stable long-term eubiosis through rapid, accurate
diagnosis and effective treatment. This review identifies optimization approaches, including alternative antibiotics regimens,
biofilm management, and supportive therapies.
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1. Introduction

The healthy vaginal microbiome maintains a symbiotic relationship with the host, influenced by factors
such as hormone levels, physiological changes, pregnancy [1]. The predominant microorganism from the
vaginal microbiome is Lactobacillus. These bacteria are able to control the growth of other bacteria thanks to
the production of bioactive agents [2], and lactic acid which is crucial for maintaining a low pH. In effect, this
makes the vaginal environment hostile to many pathogens. These mechanisms make Lactobacillus the main
inhabitant of the vagina. Female sex hormones exert a strong influence on these bacteria; they increase the
level of glycogen, which is essential for the proper function of Lactobacillus [3].

Bacterial vaginosis (BV) is one of the most common vaginal infections among sexually active women,
with a prevalence between 23% and 29% [4]. BV is related to a reduction in the natural vaginal microbiota
mainly consisting of Lactobacillus [5]; this decrease in lactobacilli leads to an overgrowth of predominantly
anaerobic microorganisms [6]. One of the most frequently isolated bacteria are Gardnerella vaginalis,
Atopobium vaginae, Prevotella spp. [7]. This dysbiosis causes increased vaginal discharge with a fishy odour.
BV is not only a source of discomfort for the women but also a risk factor for many serious consequences such
as higher rates of STIs, PID, and preterm labour [8]. Because of this, the treatment of bacterial vaginosis is
crucial for maintaining healthy reproductive organs.

The purpose of this review paper is to summarize and compare information on the treatment of bacterial
vaginosis and to investigate the evidence of its effectiveness as new medical strategies are emerging.

2. Research materials and methods

2.1. Data for this review were gathered through a systematic search across major scientific databases,
such as Google Scholar and PubMed. The search strategy was based on keywords related to the subject matter
(e.g., bacterial vaginosis, biofilm, dysbiosis, and probiotics). This review mainly focuses on synthesizing and
comparing the statistical findings and reported conclusions.

2.2. Al was utilized for the linguistic refinement of this review to ensure proper English grammar and
style. Al tools were used strictly for assistance, rather than to replace human interpretations and judgment.
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3. Research results

3.1. Biofilm formation as a major therapeutic challenge.

A major therapeutic challenge in treating bacterial vaginosis is biofilm formation. This structure
develops on vaginal epithelium when bacteria adhere to the surface, leading to colonization of tissues. Studies
show that Gardnerella is crucial for the stage-setting of biofilm formation and also associated with treatment
failure in BV [9]. The bacteria that make up this structure exhibit higher antibiotic resistance, which results in
a higher chance of recurrence [10]. Other reasons pointed as an explanation for the high recurrence rates are
the protective effect of some species which leads to a reduction in antibiotic bioavailability and the presence
of biofilm that makes it harder to eradicate infection [11].

3.2. Recurrence rate and its impact on women

Standard treatment is effective in relieving symptoms of bacterial vaginosis but they are burdened with
a recurrence rate of up to 60% within 12 months [12]. This leads not only to physical distress but also to a
psychological burden for women experiencing BV. The study points to the negative impact on quality of
female life, affecting both on social and personal aspects. Vaginal symptoms are associated with extreme
anxiety and embarrassment, which lead to lowered self-esteem [13].

3.3. Current Standard Treatments

Current standard treatment for bacterial vaginosis is focused on stopping the proliferation of pathogens
and restoring the physiological microbiome. It is based on antibiotic therapy against anaerobic bacteria and
use of probiotics. The most common medication, and a drug of choice is metronidazole, administered orally
or intravaginally [14]. Another used medication is tinidazole, which is structurally related to metronidazole;
studies show that it has some benefits over the latter, such as reduced dosage or frequency of administration.
However, the usage of tinidazole is not the primary treatment of choice, mostly because of a lack of compelling
clinical comparisons [15].

The second-choice drug is clindamycin, recommended when there is failure in first-choice treatment,
fast recurrence of BV, or metronidazole intolerance. The preferred usage is intravagina, in the form of a cream
or globule. Clindamycin is more effective against certain pathogens and is better tolerated when used locally.
On the other hand, there is greater risk of resistance development in comparison to nitroimidazoles, and
likelihood of diarrhea related to Clostridium difficile [16]. Although antibiotics effectiveness is relatively high
(up to 90%) [17][18], the biggest problem remains the recurrence of bacterial vaginosis.

The primary flaw of standard treatment is a very high recurrence rate, reaching up to 70% during the
first year after medication [19]. This begs the question: is antibiotic therapy enough to fight bacterial vaginosis?
While metronidazole and other antibiotics have great results against many pathogens, they also affect the
natural microbiome. As a result, a weakened vaginal ecosystem is more likely to succumb to another infection.
After treating BV with antibiotics, there are chances of developing persistent inflammation caused by immune
protein disorders. This situation leads to subclinical dysbiosis [20].

Treating bacterial vaginosis with only antibiotics presents the risk of ineffective removal of the biofilm
created by bacteria. These drugs have difficulty penetrating the organized bacterial structure, and as a result,
some pathogens can be shielded from contact with medication [21]. Another crucial problem in treatment is
the development of antibiotic resistance, not just for a single pathogen, but for the whole polymicrobial
structure. Even though metronidazole is still a drug of first choice, many pathogens have developed decreased
sensitivity to it, leading to incomplete therapeutic effectiveness. Many bacteria associated with BV are also
resistant to clindamycin [22].

Behavioral factors are also important for the success of the treatment. Bacterial vaginosis is strongly
related to social and sexual risk factors; therefore to achieve a positive outcome, some of these need to be
modified. High frequency of intercourse, a large number of sexual partners, and lack of condom use can cause
a “vicious circle” of treatment difficulties. These activities lead to constant disruption of the microbiome
balance [23]. Finally, failure to follow medical recommendations, such as the early discontinuation of
treatment, is a common reason why therapy is unsuccessful [24].
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3.4. Strategies for Optimization of BV Treatment

3.4.1. Alternative antibiotic regimens

Failures in treating bacterial vaginosis using only standard protocols have forced a search for alternative
BV therapies. For now, they are still based on nitroimidazole derivatives, but they include new substances or
modified methods of administration. For example, secnidazole is a promising alternative to metronidazole.
The advantage of this medication is its single-dose usage, which increases the likelihood of patient compliance
[11]. Another alternative to oral metronidazole is prolonged-release metronidazole gel. Thanks to the local
route of administration, it can achieve a higher concentration directly at the site of infection. It also has less
systemic toxicity, minimizing the frequency of side effects and providing quick, noticeable results for many
patients [25]. Combined therapy brings many advantages, as it involves the simultaneous administration of
oral antibiotics, such as metronidazole or tinidazole, and intravaginal boric acid. This type of procedure allows
for a comprehensive approach to the problem, directed at both combating bacteria and the destruction of the
biofilm [26]. Other common practices rely on the oral use of antibiotics and subsequent administration of
probiotics, either orally or vaginally.

3.4.2. Management of BV biofilms

Another way to approach the treatment of bacterial vaginosis is based on the management of biofilms.
As studies show, they form a barrier to antibiotic penetration, therefore, for successful therapy, there is a need
to break through it. Boric acid is one option; this weak acid has a disruptive effect on the biofilm structure.
After the disorganization of the barrier, it allows antibiotics such as metronidazole to fight pathogens more
effectively. Also, thanks to its acidic pH, it has an antibacterial effect, while creating favorable environmental
conditions for the natural vaginal microbiome. Boric acid is recommended as a combined treatment and
maintenance therapy for BV [27]. As Caliskan’s 2025 research showed, the use of this acid brings significant
improvement in women’s health and a reduction in symptoms [28]. Besides boric acid, dequalinium chloride
(DQC) is a promising disrupting factor for biofilm structure. It is particularly effective against Garnerella spp.
thanks to its ability to disrupt bacterial and fungal membranes [29]. Dequalinium chloride is recommended for
recurrent bacterial vaginosis that is resistant to antibiotics. There is an ongoing study in which DQC is
compared to standard antibiotics in order to determine if it could be used as a drug of choice in BV [30]. Other
chemicals targeting biofilm disruption, such as amphoteric tensides, are also in the clinical research phase and
show promising results in vitro [31].

3.4.3. Adjunctive and supportive therapies

Besides directed action towards killing pathogens with antibiotics, measures should be taken to rebuild the
natural vaginal microbiome. After antibiotic therapy, it is recommended to take probiotics containing Lactobacillus.
Clinical research shows that probiotics are significant in lowering the risk of BV recurrence. Possible routes of
administration are oral and vaginal, and a comparison of those two options indicates that both of them have similar
outcomes [32][33]. Therefore, the choice of route can be based on patient preference. Preparations with
Lactobacillus crispatus are particularly promising, not only do they restore stable vaginal microflora but, but they
are exceptionally good at fast colonization after antibiotic therapy. They are great for preventing bacterial vaginosis
and maintaining a state of eubiosis in the vagina [34]. To achieve this, the additional use of prebiotics is possible;
their main role is to selectively support dominant strains of Lactobacillus and indirectly restore the acidic
environment through increased production of lactic acid. The main prebiotic for the vagina is glycogen, but there
are also other substances such as oligosaccharides or inulin [35].

3.4.4. Behavioral and lifestyle interventions

To prevent the recurrence of BV, the main focus should not only be on the use of medicines but also on
behavioral and lifestyle interventions. Behavioral changes should include proper sexual hygiene and the use
of condoms. This type of protection constitutes a physical barrier, which limits exposure to agents disrupting
the vaginal microflora. It also prevents semen from increasing the pH level, which could otherwise allow for
pathogen colonization [36]. Studies show that vaginal douching is associated with a higher risk of BV
development by reducing the Lactobacillus population. Another important factor related to bacterial vaginosis
is incorrect personal hygiene during the menstrual phase; the most crucial results concern the materials used
as blood absorbents. Poorly washed, non-sterile reusable products lead to an increased risk of infection, but
infrequent replacement of menstrual products presents the same outcome [37]. Both hormonal and non-
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hormonal contraceptives affect the vaginal environment, which can cause changes in the composition of the
microbiome and BV occurrence. This effect is especially common in women using intrauterine devices [36].

In recent years, attention has been drawn to the possibility of partner treatment in order to prevent the
recurrence of BV. Most research indicates that antibiotic therapy for male partners does not bring the expected
results, as the bacteria associated with BV that colonize the penis do not create biofilms, and treating them
does not affect remission in female partners. However, in homosexual relationships, research suggests that
treating both partners can lead to a reduced risk of BV recurrence [38]. In order to maintain long-term
therapeutic success, there is a need for significant changes in sexual life, such as the use of condoms, better
personal hygiene (especially during menstruation) or even dietary changes [36].

3.4.5. Novel and emerging therapies

As the current treatment of bacterial vaginosis is still not ideal and the recurrence rate is very high,
research is being carried out to find more effective ways of fighting this problem. A new therapeutic approach
includes vaginal microbiota transplantation (VMT); it involves the implantation of a whole, healthy
microbiome from a donor. After selecting a healthy donor, material is taken from the vagina and transplanted
to a female with recurrent bacterial vaginosis. This holistic approach allows for restoration of the whole
ecosystem and the establishment of eubiosis, which is hoped to overcome antibiotic resistance and eradicate
pathogens. VMT is perceived as a potential “last resort” treatment for recurrent and antibiotic-resistant BV
[39]. Non-antibiotic antimicrobials are also used in BV therapy, such as lactic acid gels. Their mechanism of
action is simple and is based on the quick acidification of the environment, which is toxic to many pathogens
but supportive to endogenous Lactobacillus. This method should not be used as an alternative to standard
treatment, but as an adjuvant to it [18].

3.5. Optimization of treatment in special populations

3.5.1. Pregnant women

The treatment of bacterial vaginosis in pregnant women depends on its course; if it is asymptomatic and
the pregnancy is low-risk, treatment is not recommended. Clinical trials and meta-analyses have not shown
that routine treatment brings any significant beneficial effects, such as impact on preventing preterm birth. If
BV is symptomatic or pregnancy is high-risk, it is recommended to use standard antibiotic therapy, with the
exception of using clindamycin in the first trimester, as it carries a potential higher risk of congenital defects
[40]. Probiotics are also a safe intervention in bacterial vaginosis and bring a positive impact to the natural
vaginal microbiome. They are recommended as a prevention and complementary strategy in treating BV in
pregnant women [41].

3.5.2. Women undergoing IVF / fertility treatments.

Vaginal dysbiosis is found in approximately 18% of infertile women. It is associated with early
pregnancy loss during IVF treatment and also negatively affects the clinical pregnancy rate [42]. The issue of
treating bacterial vaginosis with antibiotics is not yet resolved, and there are no clear recommendations for it.
Some studies suggest that even effective treatment of BV does not lead to higher chances of positive pregnancy
outcome among women undergoing [VF [43]. That being said, the approach to treatment should be considered
individually. If BV poses a potential risk to the pregnancy, it should be treated, while avoiding oral antibiotics
due to potential negative effects on the vaginal microbiome. The aspect of rebuilding the natural vaginal
ecosystem through the use of probiotics is crucial in this situation. All of these actions should be taken in
advance of a potential embryo transfer.

3.5.3. Postmenopausal women.

Although bacterial vaginosis is more common among women of reproductive age, this dysbiosis is still
a relevant problem in postmenopausal women. The main reasons for this are decline in the population of
Lactobacillus and an increase in vaginal pH [44]. Treatment in this group should be aimed at dysbiosis
prevention, such as using local products containing Lactobacillus (especially gels), and vaginal estrogen
supplementation [45]. In acute, symptomatic BV, standard antibiotic treatment should be administered.
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3.6. Future Directions

3.6.1. Need for standardized diagnostic methods.

Bacterial vaginosis is still an insufficiently explored topic and is in need of more specific diagnostic
protocols. Diagnostic methods are not standardized enough, which leads to underdiagnosis and delayed
treatment. Current diagnostic methods are limited by low sensitivity and specificity. Due to the polymicrobial
character of BV, it is difficult to find the optimal pattern for confirming this dysbiosis. Future directions should
be focused on new methods, such as molecular and biomarker tests [46].

3.6.2. Long-term microbiome stabilization

Regarding therapeutic goals, it should be possible to achieve long-term microbiome stabilization.
Current available treatments are not fully efficient; therefore, further research should focus on the most
accessible ways to achieve a more resilient microbiome [19].

3.6.3. Molecular profiling

Another promising method that is not yet widespread is molecular profiling, which provides detailed,
quantitative data about the microbiome of an individual patient. With this knowledge, it would be possible to
predict personal recurrence rates. For example, based on the size of the Lactobacillus crispatus population, we
could assess the success of therapy and the likelihood of symptoms recurring. Molecular profiling could also
be used for treatment monitoring and the identification of hidden dysbiosis [47].

4. Discussion

The findings of this review shows that while standard antibiotic therapy is effective for acute symptom
relief, it fails to address the underlying complexity BV, leading to high recurrence rates. The ecosystem-
centered approach is necessary to achieve long-term effects. The primary obstacle in current therapy is the
vaginal biofilm, this structure acts as a physical barrier that prevents antibiotic penetration and fosters
resistance. With this in mind, the use of biofilm-disrupting agents should be considered as a standard adjunct
to antibiotic treatment, especially in recurrent cases. Given this context, the restoration of the Lactobacillus
population is critical. While probiotics (particularly L. crispatus) show significant promise, their success
depends on the rapid acidification of the vaginal pH. This highlights the importance of combined therapies,
utilizing antibiotics to eliminate pathogens, acids to disrupt biofilms, and probiotics to rebuild the microflora.
The review also emphasizes the need for personalized medicine. In special populations, such as pregnant
women or those undergoing IVF, the management of BV must be carefully balanced to avoid unnecessary
interventions while protecting reproductive outcomes. Tools like molecular profiling offer a path toward
individualized diagnostics, allowing clinicians to identify asymptomatic dysbiosis and aim treatments to the
specific patient. Finally, long-term success requires addressing behavioral and lifestyle factors. Without
changes in sexual hygiene and a shift away from some practices the recurrence is likely to continue. Future
research should prioritize standardizing non-antibiotic treatments and developing diagnostic protocols that
reflect the polymicrobial nature of the disease.

5. Conclusions

Current bacterial vaginosis management is not ideal and most often consists of two phases at most; it is
focused on the eradication of common BV pathogens and the attempt to reconstruct the vaginal microbiome.
This approach is not as effective as it should be, as confirmed by the high recurrence rate of BV [12]. Currently,
metronidazole as a targeted treatment and the preventive use of probiotics after antibiotic therapy constitute
the standard procedure. Effective ways to improve this treatment include the more frequent use of biofilm-
disrupting agents and ensuring an individual approach for women with frequently recurring BV. Molecular
profiling could make a significant difference in this group, which would also likely reduce expenses related to
long-term treatment.
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