Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

The Surprising Power of Bacteria in the Vaginal Microbiome: How Lactobacillus is Crucial
to Women'’s Health
Ashley Hurjak

Abstract

The purpose of this review article is to highlight the role of beneficial bacteria in
promoting a healthy vaginal microbiome. The article describes the mechanisms for maintaining
a healthy vaginal microbiome, the symptoms of a “dysbiotic” (disrupted) vaginal microbiome,
and an overview of the vaginal diseases that can occur from a disrupted bacterial ecosystem
inside this organ. Additionally, it outlines how to promote a healthy vaginal microbiome through
lifestyle choices and a summary of current treatments available to patients who suffer from
bacteria-related vaginal infections.

1.0 Introduction

For hundreds of years, women have struggled with vaginal infections (inflammation of the
vaginal area that can result in pain and itching), which are caused by bacteria, viruses, or fungi
(Saraf et al., 2021). Studies dating back to the 1800s (when the vaginal area was first routinely
examined) have demonstrated that the beneficial bacteria found in the vaginal region act as the
first line of defense for the female reproductive tract against biological pathogens such as
harmful bacteria, viruses, and fungi (Saraf et al., 2021). Any disruptions to these “good” vaginal
bacteria weaken the protective barrier against pathogens, which can lead to yeast infections,
sexually transmitted infections (STI), and bacterial vaginosis (a condition when there is a surplus
of harmful bacteria within the vaginal area) (Chee et al., 2020).

1.1 Healthcare Costs. Treating vaginal infections in the US healthcare system costs
around $16 billion and affects 10 million women annually (Bitew et al, 2017). Bacterial vaginosis
(BV) is estimated to cost around $4.8 billion and affects 21.2 million women annually (Peebles
et al., 2019) Treating vaginal infections caused by viruses costs about $8 billion per year and
there are about 110 million cases (CDC, 2013). Trichomoniasis, a sexually transmitted infection,
is estimated to cost about $24 million per year (Sector et al., 2014). Fungal infections caused
about 9 million outpatient visits nationally in the year 2017 and resulted in $2.4 billion in
healthcare costs (Benedict et al, 2019). Specifically, invasive fungal infections (known as
candidiasis) caused by a yeast strain named Candida albicans were responsible for 48% of
fungi-related hospitalization and cost $1.4 billion of that overall $2.4 billion (Benedict et al.,
2019). These healthcare costs are daunting for women, especially those living in poverty and
lacking access to gynecological care.

1.2 Access to Healthcare. The vaginal health of women contributes significantly to their
overall well-being, therefore simple and affordable access to healthcare services to maintain
vaginal health is very important. Out of a survey of 3520 women across the globe in 2012, 44%
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claimed they did not have access to a gynecologist (Nappi, Kokot-Kierepa, 2012). Sexually
transmitted infections (STls) and HIV testing, unwanted pregnancies, traumas, and chronic
illnesses were among the vaginal illnesses due to lack of accessible care. (Ravi et al, 2017).
Aside from hospitals and clinics, common care locations included jails, emergency rooms, and
Planned Parenthood clinics (Ravi et al, 2017).

2.0 Background on the Vaginal Microbiome

A complete understanding of the vaginal microbiome is necessary to comprehend all of
the components within a healthy vaginal microenvironment and their roles in the metabolic
activities and the health of the host (Ravel & Brotman, 2016). A healthy vaginal microbiome
depends on mutualism between the dominant bacterial species and the host. Under healthy
conditions, beneficial bacterial communities coexist within human hosts in a mutually positive
manner by preventing harmful bacteria from infiltrating the host’s vaginal space. Comprehensive
studies show that Lactobacillus bacterial species is the most prevalent species in the female
vaginal microbiome (Gupta el al., 2019). Understanding the mutualistic relationship that exists
between the host and the beneficial Lactobacilli colonies is significant because it provides
insight on the mechanism of protection within the vaginal area (Chee et al., 2020). This group of
bacteria provides protective barrier agents in the reproductive tract by releasing several
compounds that prevent the overgrowth of harmful bacteria (Gupta et al., 2019). Once the
Lactobacilli are within the specific vaginal environment, they release large amounts of lactic acid
as a fermentation by-product and create a low pH environment to protect against pathogenic
bacteria (unwanted bacteria), as shown in Figure 1 (Ravel & Brotman, 2016).



Q Research Archive of

Rising Scholars (preprint) Where bright minds share their learnings

Normal / Dysbiotic
Vaginal / CW- Vaginal
Microbiota ‘ Microbiota

Trichomoniasis
Vaginal Yeast Infection
IpH — Pathogen . . \\
/’ /Growth Bacterial Vaginosis
/ Lactic Acid Bacteriocins\ Candida alblcans

Lactobacillus colonization

o> T o\ TV

T Trichomonas vaginalis

Gardnerella vaginalis —

.

https://www.pathelective.com/micromeded/vaginal-microbiota-and-dysbiosis

Figure 1: On the left is an example of a healthy vaginal microbiota with the right amount of lactic
acid, bacteriocins (kill or inhibit bacterial strains), and a low pH to inhibit pathogen growth. This
allows the lactobacillus colonies to stay healthy. However, on the right is an example of a
dysbiotic vaginal microbiota with harmful pathogens, such as Candida albicans, Gardnerella
vaginilis, and Trichomonas vaginilis. These harmful pathogens lead to vaginal diseases like
vaginal yeast infections (candidiasis), BV, and Trichomoniasis.

2.1 Lactobacillus Strains as “good” bacteria. The healthy Lactobacillus strains thrive
in the vaginal environment because of a specific anaerobic (without oxygen) nutritional
environment catered to their needs. Some Lactobacillus species, including L. crispatus, L. iners,
L. gasseri, and L. jensenii, appear to be unique to the human vagina (Ravel & Brotman, 2016).
By finding ways to protect the Lactobacilli-bound area (the interior of the vaginal microbiota
where the Lactobacilli is found), the vaginal microbiome can serve to protect the health of
women from an increased risk of contracting bacterial infections (overgrowth of pathogenic
bacteria) and yeast infections (overgrowth of fungi like Candida albicans). Furthermore, it may
be possible to prevent 30% of new HIV cases if Lactobacillus bacteria predominate in the
vaginal microbiome (Ravel & Brotman, 2016), as changing the microbiome to one in which
Lactobacillus predominates is an alluring approach to lowering HIV incidence rates (Gustin et al,
2021).

Lactobacillus strains limit infections by producing a substance that reduces the formation
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of “biofilms" (clusters of bacteria) by invading pathogens. Specific strains of Lactobacillus
produce soap-like compounds called “biosurfactants" that prevent harmful pathogens (fungi,
other bacteria) from sticking to the vaginal surface. The biosurfactants reduce the ability of the
invading pathogens from forming the dense biofilms. Researchers have reported that these
biosurfactants reduced the biofilm formation of vaginal pathogen C. albicans by 40 to 50%
(Chee et al., 2020).

2.2 Promoting a Healthy Vaginal Microbiome. Since lifestyle, hygiene and diet affect
the vaginal microbiome and allow healthy Lactobacilli to flourish, it is crucial for women to
maintain good habits, cleanliness, and dietary choices (Ravel & Brotman, 2016). Consuming
yogurt that contains Lactobacillus strains everyday is one way to maintain a healthy vaginal
microbiome (Ravel & Brotman, 2016). Additionally, tight clothing reduces the flow of oxygen to
the vaginal area, which can lead to the overgrowth of unwanted anaerobic species like C.
Albicans, so women are advised to limit such clothing. Maintaining a healthy immune system
also plays an important role in keeping the vaginal microbiome healthy. The epithelial and
immune cells within the cervicovaginal mucus (vaginal fluid) maintain homeostasis (balance)
with the vaginal microbiome and filter pathogens (Lehtoranta et. al, 2022).

2.3 Vaginal Dysbiosis. If the vaginal microbiome lacks any of these beneficial
Lactobacilli strains, a disorder can occur. A dysbiotic (unbalanced) environment can occur when
the pH is too high in the vaginal space and no longer supports the healthy growth of Lactobacilli
strains. There are other types of Lactobacilli that are harmful that can increase the risk of
vaginal diseases, such as BV (Gupta et al., 2019). When the pH is not the optimal level,
negative strains of bacteria can grow. The disruption or “dysbiosis” of these healthy species can
lead to the invasion of pathogens that causes severe vaginal conditions such as BV, which is
defined as the overgrowth of harmful bacteria in the vagina. This can lead to overgrowth of
harmful bacteria like Gardnerella vaginalis and Atopobium vaginae, causing BV. Also, the
presence of these harmful strains in the vaginal microbiota can put females at a higher risk of
getting infected with STls and with yeast strains like Candida albicans, which leads to a
condition called vulvovaginal candidiasis (VVC). Recent studies have linked fungus biofilms to
Candidiasis, particularly when therapy fails and recurrent Candidiasis occurs. As a result,
several studies have supported the use of probiotics in treating various illnesses (Boahen et al.,
2022). Vaginal Dysbiosis also leads to pelvic inflammatory disease and preterm birth (Gupta et
al, 2019). Additionally, about 70% of women have Vaginal Dysbiosis within their lifetime without
knowing (Gupta et al, 2019).

2.4 Treatment Challenges. When attempting to treat women for vaginal-related
disorders, several difficulties may arise. The key to effective therapy is an accurate diagnosis,
yet the misdiagnosis rate is close to 50%, increasing the chance of recurrence (Brown, Drexler,
2020). Oftentimes, BV has symptoms of vaginal discharge and color and can be confused with
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symptoms from vaginal intercourse or menses, causing those women to misunderstand their
need for treatment. (Brown, Drexler, 2020). It can also lead to a burning feeling during urination
and itching around the vulva. Women’s vaginal health is rarely routinely examined, even with
symptoms such as pain, itching, and burning.

For asymptomatic, non-pregnant women, pelvic examination is no longer advised since it
might lead to negative effects including false-positive test findings, overdiagnosis, anxiety, and
unneeded expenses (Qin et al., 2020). A significant challenge for developing preventative
approaches to improve women’s health is that a large proportion of women who lack the
Lactobacillus bacteria (10-42% of women) can remain asymptomatic for BV (Ravel & Brotman,
2016). Additionally, current guidelines from the US Centers for Disease Control do not support
antibiotic treatment for these asymptomatic women (Ravel & Brotman, 2016).

About 75% of women experience VVC during their reproductive years (Azie et al., 2020).
Additionally, candidiasis can lead to vaginal itching, pain during intercourse, discomfort while
urinating, and abnormal vaginal discharge — the very same symptoms as BV. STls can lead to
unusual vaginal bleeding, blisters and sores around the genital area, and an unusual discharge
from the vaginal area (Qin et al,. 2020). Furthermore, antibiotics and topical creams used to
treat vaginal disorders can become less useful because of antibiotic resistance. This resistance
occurs when bacteria become resistant to the medications meant to kill them. This means the
germs survive even when treatment is applied.
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Figure 2 This image showcases the healthy elements, such as a low pH and Lactobacillus
crispatus that support a noninflammatory vaginal microbiome, creating a normal environment.
Additionally, it showcases a dysbiotic or pro-inflammation environment caused by BV and a high
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pH.

3.0 Medical Treatments for Vaginal Dysbiosis caused by Bacteria

Since Vaginal Dysbiosis can be caused by bacterial infections, viral infections, or fungal
infections, different treatments have been developed that target the invading species. In the
case of BV, medications that kill the pathogenic bacteria have been developed. One oral
medication (metronidazole) diffuses into the vaginal microbiome and inhibits pathogenic bacteria
from entering; the treatment requires 500 mg (1 pill) that is taken daily for 5-10 days
(Chandrashekhar et al., 2021). Metronidazole was first released in 1959. Topical ointments
(Clindamycin, Flagyl, Secnidazole) — have shown to be effective against BV although some
treatments have a high rate of the infection returning (Chandrashekhar et al., 2021). These
solutions also come with one large issue. Bacteria can grow resistance to the given treatments
and they will not be effective anymore in treating BV. However, until the bacteria develop
resistance to the antibiotic, these medications can be helpful in treating BV and they are very
easy to access through a local pharmacy. What follows here are other approaches for treating
BV.

3.1 Restoring Lactobacillus. BV is commonly treated with antibiotics which can cause
recurrence and degrade the Lactobacillus populations within the vaginal microbiome (Lagenaur
et al., 2021). One possible way to bring back Lactobacilli within the vaginal microbiome is to
insert a probiotic strip containing this species within the vagina. LACTIN- V, a biological drug
composed of L. crispatus (Figure 2) (a strain of healthy Lactobacilli), could reduce pathogenic
bacteria by repopulating the vaginal microbiome (Lagenaur et al., 2021). Additionally, it is a
gelatin capsule which makes it very accessible to women around the world. Another strain of
Lactobacillus taken orally, Lactobacillus gasseri, can also be used to restore Lactobacilli
colonies that were destroyed from BV (Qi et al., 2022). A newer drug, Lactobacillus rhamnosus
BMX 54 + lactose) (NORMOGIN™), has demonstrated that it significantly reduces BV and
restores a Lactobacillus dominated microbiome (Baldacci et al., 2020). These strategies have
shown great results in the clinic by deteriorating BV.

3.2 Oral Betadine. Betadine, a treatment taken by mouth, is also used to treat vaginal
dysbiotic disorders and has shown to be 75% effective (Ismatiloevna, 2022). It is better than
other drugs, such as metronidazole, because it creates the conditions for Lactobacillus to thrive
(Ismatiloevna, 2022). The repopulation of Lactobacillus happened to 96% of the patients that
were tested with betadine (Ismatiloevna, 2022). However, betadine is a strong drug and should
not be used unless it is certain that a vaginal disease is present.

3.3 Restoring Vaginal pH. When the vaginal microbiome encounters the issue of
dysbiosis, the pH can rise creating an unbalanced environment. Lactobacillus colonies release
lactic acid, which creates a specific pH. A lactic acid gel can also be utilized to restore the
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optimal pH (4.5) (Figure 2) within the vaginal microbiome and eliminate pathogenic bacteria
(Ross et al., 2023). This gel is meant to be used for 7 days. In studies comparing its
effectiveness with metronidazole, the lactic acid gel did not work short-term, and metronidazole
was more effective for short-term resolution (Ross et al., 2023). Unfortunately, both treatments
had a common recurrence of BV, but the lactic acid gel had fewer side effects (Ross et al.,
2023). It could be possible to use betadine with this gel as it is more efficient than metronidazole
and the lactic acid gel could be a “booster” to yield quicker results.

3.4 Detecting BV. All of the treatments described above will work against bacteria that
cause Vaginal Dysbiosis; however, diagnosing that these bacteria are the offending species can
be very difficult. Before administering treatment to a patient, it is important to determine if
pathogenic bacteria are present. Recent work to identify a feature in vaginal fluid that reveals
BV has been discovered and studied for its detection possibilities. Sialidase is an enzyme
present in vaginal fluid that can be used as such a biomarker for BV (Rodriguez et al., 2021). It
can be used to detect a dysbiotic Lactobacilli environment and alert the patient of the presence
of BV. Recent studies have demonstrated that this biomarker could be embedded in fibers that
could be part of a panty-liner that changes color in the presence of the substrate for sialidase,
thus enabling detection of BV without needing access to sophisticated lab tests (Rodriguez et
al., 2021)

3.4 Palomacare. A new antibacterial vaginal gel called Palomacare, released in 2014,
has shown efficacy against Vaginal Dysbiosis and relapse prevention (Losa et al., 2022).
Palomacare has been recommended as a treatment for Vaginal Dysbiosis by 79% of
gynecologists, 85% of patients observed an improvement in the healing process, and 84% of
patients observed a reduction in Vaginal Dysbiosis recurrences (Losa et al., 2022).

4.0 Medical Treatments for Vaginal Dysbiosis caused by Fungal Infections (Candidiasis)

To target fungal infections that cause Vaginal Dysbiosis (Figure 1), researchers and
clinicians have been studying ways to address yeast infections in the vagina caused by Candida
albicans that are inexpensive, accessible without a doctor’s prescription, and effective (Cateau
et al., 2008). The medical literature refers to this condition as vulvovaginal candidiasis (VVC).
Common antifungal topicals such as caspofungin and micafungin have been used since 2008
and reduced 70% of yeast biofilms (Cateau et al., 2008). However, these medications are only
available by prescription, thereby limiting a patient’s ability to get necessary treatment (Cateau
et al., 2008). The chemicals ethanol, amphotericin, and echinocandins (antifungal) have
demonstrated the reduction of C. Albicans with no bacteria resisting the given treatment.
However, there are two issues with these chemical treatments: not enough testing has been
done to affirm that it is completely safe for women and they would require a doctor’s
prescription.
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Fluconazole is the first antifungal developed in 2014 for VVC that recurs after standard
treatment; it controls symptoms of Candidiasis (itching) and is widely regarded as the first line of
therapy for recurrent VVC (Sobel & Nyirjesy, 2021). Its drawbacks include the possibility of
growing bacterial resistance of beneficial bacteria to this medication (Sobel & Nyirjesy, 2021).
Oteseconazole, a topical fungal inhibitor, is a promising new therapy approach towards fungal
infections(Sobel & Nyirjesy, 2021). Oteseconazole has a target goal of discarding fungal
infections comparable to fluconazole (Sobel & Nyirjesy, 2021). A considerable improvement in
the therapy of recurrent VVC may result from this combination of treatment (Sobel & Nyirjesy,
2021).

A new medication called ibrexafungerp is a drug that disrupts the formation of the fungal
cell wall; if the cell wall forms improperly, then the fungus will die (Azie et al., 2020). This drug
can be taken orally and has low risk of side effects as a treatment for VVC (Azie et al., 2020). It
also protects against a broad range of C. Albicans species including those strains that are
resistant to fluconazole (Azie et al., 2020).

5.0 Cutting-Edge Treatments for Vaginal Dysbiosis

Antibiotics and antifungals continue to be the primary line of treatment for Vaginal
Dysbiosis despite the increasing resistance of microorganisms to them (Losa et al., 2022).
However, small case studies involving the transplanting of healthy vaginal bacteria from the
donor to patient are underway. This strategy allows a tissue graft to be inserted from donor to
patient and results in a successful return of the vaginal flora (Losa et al., 2022). The first sample
patient had a 91.3% of Gardnerella and a lack of Lactobacillus (Losa et al., 2022). Following the
VMT treatment, the patient had their Lactobacilli colonies restored with no presence of
Gardnerella.

In a case study with five patients, vaginal microbiota transplantation (VMT) with eubiotic
(healthy) vaginal bacterial microbiota following the loss of pathogenic bacteria with antibiotics
was effectively carried out; however, no VMT has been carried out without the use of antibiotics
as it serves as a protective barrier regarding possible infection from the donor (Wrgnding et al.,
2023). The Gardnerella vaginalis bacteria dominated the vaginal microbiota to the extent of 90%
(Wrgnding et al., 2023). After one VMT, the microbiota completely changed, becoming 81.2% L.
crispatus and 9% L. jensenii, and Vaginal Dysbiosis symptoms also disappeared at the same
time (Wrgnding et al., 2023). These findings suggest that VMT is a beneficial potential treatment
for Vaginal Dysbiosis. However, it is administered by a catheter and is therefore not accessible
to all women (Wrgnding et al., 2023). The patient also needs to be matched with a donor which
can create an accessibility issue (Wrgnding et al., 2023).

The United States Food and Drug Administration has approved lactoferrin, a protein that
defends the host’s immune system, is a generally recognized as safe (GRAS) food additive
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(Superti & De Seta, 2020). Lactoferrin has been categorized as a nutraceutical protein due to its
capabilities for protecting the mucosa (soft tissue that lines reproductive organs) from infections
and inflammations, as well as the present pharmacological and nutritional benefits (Superti & De
Seta, 2020). Lactoferrin can act as a soluble that inhibits pathogenic bacteria binding to the
cell’'s surface and promotes the return of Lactobacillus colonies (Superti & De Seta, 2020).

Conclusion: The vaginal microbiota is a very intricate environment that has many
components regarding its health. Normal and dysbiotic conditions exist within the vagina due to
many different factors such as changes in pH and exposure to pathogens. Vaginal Dysbiosis in
women all over the world goes undiagnosed. Different treatments for VVaginal Dysbiosis include
challenges such as recurring infections, antibiotic resistance, and delivery of the drugs
themselves. It is imperative to keep researching treatments and improving the ways that Vaginal
Dysbiosis can be diagnosed, along with making treatment more accessible and effective.
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