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Abstract

Bacterial vaginosis (BV) is one of the most common vaginal infections that affects hundreds of 

millions of women of reproductive age, worldwide. Traditional treatment strategies, such as oral 

and topical antibiotics, have shown efficacy against BV, but frequent recurrence of infection and 

the development of antibiotic-resistant bacteria remain as significant challenges. Alternatively, 

recent progress in understanding immune, microbiological, and metabolic interactions in the 

vaginal microbiota has prompted the consideration of administering probiotic organisms to restore 

and maintain vaginal health within the context of BV prevention and treatment. Given this, the 

objective of this review is to discuss existing and potential alternative approaches to deliver, and 

to potentially sustain the delivery of probiotics, to prevent and/or treat BV infections. First, a 

brief overview is provided regarding the probiotic species and combinatorial probiotic strategies 

that have shown promise in the treatment of BV and in restoring female reproductive health. 

Additionally, the advantages and challenges associated with current oral and intravaginal probiotic 

delivery platforms are discussed. Lastly, we present emerging and promising alternative dosage 
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forms, such as electrospun fibers and 3D bioprinted scaffolds, that may be adapted as new 

strategies to intravaginally deliver probiotic organisms.
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1. Introduction

The thriving female reproductive tract (FRT) is colonized by diverse microbial organisms, 

with the genus Lactobacillus constituting about 70% of the microbiota (1). The four 

most prominent Lactobacillus species present in the FRT include Lactobacillus crispatus, 

Lactobacillus iners, Lactobacillus jensenii, and Lactobacillus gasseri (2). This natural 

Lactobacillus-dominant flora is paramount in the maintenance of host homeostasis and 

protection against endogenous and exogenous pathogens (3, 4).

In contrast to the Lactobacillus-dominated microbiome of the healthy FRT, bacterial 

vaginosis (BV) is characterized by a dysbiosis and shift in the diversity of the microbiome 

to favor the proliferation of vaginal pathogens. While G. vaginalis has been identified as the 

predominant pathogenic species characterizing BV, other anaerobes including Prevotella and 

Atopobium species have similarly been implicated with disease initiation and progression 

(5). These alterations to the vaginal ecosystem can lead to severe and potentially detrimental 

complications such as endometriosis, pelvic inflammatory disease, and an increased risk 

of acquiring sexually transmitted infections (STIs) such as human immunodeficiency virus 

(HIV) (6, 7). Additional details regarding BV prevalence and detection are included in 

Supplementary Materials.

Current treatment options for BV primarily consist of antibiotics, namely metronidazole, 

clindamycin, and tinidazole (8, 9). Metronidazole and clindamycin are presently available in 

the form of oral tablets, which are typically taken twice a day for one week, and intravaginal 

gels/creams, which are generally applied once or twice daily for 5 days. Conversely, 

tinidazole is only available as an oral tablet and is customarily taken twice daily for one 

week (2, 10). Unfortunately, antibiotic administration may predispose the microenvironment 

not only to Lactobacillus regrowth, but detrimentally, to the recolonization of pathogenic 

bacteria as well, which can yield antibiotic-resistant strains and resulting superinfections.

In order to prevent infection recurrence, adherence to antibiotic regimens for a period of 

4 to 6 months is often advised (10). However, frequent, long-term administration and the 

prolonged duration of retreatment regimens increase the risks of antibiotic resistance and 

reduce user adherence and efficacious dose administration. The mechanisms and other 

challenges associated with antibiotic regimens are further discussed in Supplementary 

Materials.

Given these challenges, ongoing research has been focused on investigating alternative and 

more effective approaches to prevent and treat BV. The consideration of probiotics, or 

“live microorganisms that, when administered in adequate amounts, confer a health benefit 
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to the host,” have been suggested as active pharmaceutical ingredients in the treatment 

of BV (1, 11). Recent progress in understanding immune, microbiological, and metabolic 

interactions in the vaginal microbiota has also increased attention to consider probiotics for 

BV prevention and/or treatment. Considering this, the major objective of this review paper 

is to discuss existing and potential alternative approaches to provide intravaginal probiotic 

delivery against BV infections. First, a brief overview is provided here and in Supplementary 

Materials of the probiotic species and combinatorial probiotic strategies that have been 

used to treat BV and to restore female reproductive health. Additionally, the advantages 

and challenges associated with current oral and intravaginal probiotic delivery platforms are 

discussed. Lastly, we present emerging and promising alternative delivery vehicles for the 

intravaginal delivery of probiotics.

2. Probiotics for BV Prevention and Treatment

2.1. Mechanism of Action

The introduction of Lactobacillus spp. to the vaginal environment has the potential to 

overcome biofilm-mediated challenges to reduce and/or prevent BV recurrence (8, 12). 

Lactobacilli are fermentative bacteria that metabolize glycogen, present from exfoliated 

and lysed vaginal epithelial cells, to produce lactic acid, thereby acidifying the vaginal 

environment (pH ≤ 4.5)(13, 14). This increase in acidity is positively correlated with 

increased membrane permeability to hydrogen peroxide and other bacteriocins (both 

secreted by Lactobacillus), which can provide protection against invading pathogens by 

promoting the lysis of pathogenic species such as Gardnerella vaginalis, while maintaining 

a Lactobacillus-dominated vaginal flora (14, 15). The proposed mechanism of action of 

lactobacilli and other probiotics is cited in their ability to prevent or disrupt pathogenic 

biofilms through adhesion to epithelial cells, secretion of antimicrobial products, and 

competition for nutrients (12, 16). In addition, lactobacilli have been found to modulate 

host immunity, exhibit anti-inflammatory effects (16, 17), and possess autoaggregation or 

coaggregation properties (18), all of which are important to efficaciously treat BV.

Due to the Lactobacillus-dominance observed in the healthy FRT, lactobacilli have been 

the probiotic genus most investigated for BV treatment. Depending on the administration 

route (oral or intravaginal), probiotic doses on the order of 108 or 109 colony forming 

units (CFUs) per day are required to therapeutically impact BV progression (19). Another 

consideration in probiotic therapy is the duration of treatment course; prolonged and 

repeated administrations (e.g., 60 and 90 days) have been found to be more effective than 

short courses (e.g., 14 days) of treatment, in particular given the lack of adverse effects thus 

far associated with probiotic administration (20, 21).

2.2. Different Lactobacillus Species

Of the approximately 60 vaginal Lactobacillus isolates that have been investigated and 

characterized, L. acidophilus, L. crispatus, and L. delbrueckii have emerged as the most 

effective probiotics against BV based on in vitro studies (22) and have been found to 

produce lactic acid, secrete hydrogen peroxide, and/or demonstrate strong adhesion to the 

vaginal epithelium. These findings were partially corroborated by a later in vitro study 
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that found that L. rhamnosus and L. fermentum, in addition to L. crispatus, were the most 

promising probiotics, given their propensity to adhere to vaginal and uroepithelial cells and 

to inhibit pathogen adhesion and viability (21). Additionally in vivo studies (23–26) have 

shown the effectiveness of different probiotic species that have been summarized in this 

review (27), and another in vivo study demonstrated the impact of single lactobacilli strains 

to prevent both Candida albicans and G. vaginalis growth (28).

In addition, clinical investigations have focused on and examined the efficacy of oral and 

intravaginal administration of L. acidophilus, as one of the most beneficial Lactobacillus 
species to promote vaginal health and to treat BV (20, 29). In general, these studies 

originally found that the effectiveness of L. acidophilus was attributed to its strong vaginal 

epithelium adhesion and high concentrations of hydrogen peroxide secretion (22). However, 

more recent studies have shown that the secretion of hydrogen peroxide from lactobacilli is 

a protection mechanism, which is more toxic to lactobacilli than pathogenic bacteria, hence 

pathogen activity is believed to be inhibited instead by the hypoxic vaginal environment 

(30).

In addition to the administration of individual species of probiotics alone, studies have 

explored the efficacy of administering species like L. rhamnosus with other species 

including L. acidophilus (17, 31–33), L. reuteri (27), and L. fermentum (11, 32). In fact, 

a combinatorial approach, utilizing multiple species and/or strains seems to be promising, 

enabling complementary benefits. Furthermore, combined probiotic and antibiotic strategies 

have shown increased efficacy, decreases in duration of infection, and decreased recurrent 

infections, relative to antibiotic treatment alone, supporting the potential of these approaches 

against BV(8, 34, 35). A variety of studies/strategies supporting single probiotic, multi­

probiotic and probiotic-antibiotic delivery can be found in Supplementary Materials.

Considering the above-mentioned approaches, delivery strategies which incorporate multiple 

species may result in improved delivery to, and colonization of probiotics in vaginal tissue, 

in turn resulting in higher efficacy in BV treatment/prevention compared to the use of single 

species.

2.3. Vaginal Microbiome Transplantation

Relative to the administration of single or few probiotic species, vaginal microbiome 

transplantation (VMT) has recently been proposed as a novel extension of probiotic therapy, 

involving the transfer of the entire vaginal microbial community from healthy donor 

cervicovaginal secretions to BV-afflicted patients (36).

VMT seems promising, especially since a similar procedure involving transplantation of 

fecal microbiota has shown success in improving gastrointestinal flora and health. One 

clinical study investigating VMT treatment for BV reported complete remission (through a 5 

to 21 month follow-up period) in 4 out of 5 patients after 1 to 3 VMT sessions (37), while 

the fifth patient displayed partial remission. However, due to the multiple sessions that seem 

to be required to obtain remission, delivery vehicles that enable more convenient dosing 

regimens and alternatives for the patient may be desirable.
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While additional details regarding VMT considerations can be found in Supplementary 

Materials, the following sections detail the delivery platforms that have been used for 

probiotic administration and may, in future work, be extrapolated to VMT to decrease 

sessions and frequency of administration (36, 38).

3. Probiotic Dosage Forms

3.1. Oral Delivery of Probiotics Relevant to BV Infection and Reproductive Health

While the primary focus of this review is on intravaginal probiotic delivery, it is 

worth briefly reviewing some of the original dosage forms, centered on oral probiotic 

administration for intravaginal applications, that include yogurt, capsules, tablets, and other 

edibles (11). Despite these numerous dosage forms, some of the most significant challenges 

surrounding oral delivery are probiotic degradation and subsequent loss of activity that 

results upon exposure to the gastrointestinal environment. This necessitates increased dosing 

and administration frequency to achieve efficacious delivery to the FRT (39), which in 

turn has the potential to decrease user adherence. To address these challenges, new oral 

dosage forms that better protect and maintain probiotic activity during transport to the FRT 

have been developed (39); however prolonged methods of oral delivery remain unattained. 

While outside the scope of this review and thoroughly covered in other reviews, additional 

information is provided in Table 1 and the Supplementary Materials section to discuss some 

of the oral dosage forms that have been used to deliver probiotics for the prevention and 

treatment of BV infections and more broadly, for the maintenance and restoration of female 

reproductive health. Additionally, we discuss the challenges surrounding administration of 

these dosage forms.

3.2. Intravaginal Delivery of Probiotics Relevant to BV Infection and Reproductive Health

The intravaginal delivery of lactobacilli and other probiotics may help circumvent some 

of the challenges associated with oral delivery for BV treatment. Most notably, localized 

intravaginal delivery ensures greater probiotic viability since it avoids the hepatic first­

pass effect and passage through the harsh gastrointestinal environment. Furthermore, 

unlike oral dosage forms that rely on gastrointestinal and subsequent rectal absorption, 

intravaginal delivery localizes probiotics to the FRT, often resulting in increased probiotic 

concentrations, relative to oral delivery (40).

While the unique features of the FRT, which include its large surface area and low enzymatic 

activity, make it a favorable site for topical administration (39), similar to oral delivery, 

characteristics specific to the intravaginal environment must be considered to provide 

efficacious probiotic delivery and distribution to maintain and restore healthy vaginal flora. 

First, the safety of different probiotics and their associated dosage forms must be considered 

to negligibly impact other eukaryotic and prokaryotic cell types in the vaginal milieu and 

to promote the viability of a lactobacilli-dominant environment. Furthermore, the role of 

the menstrual cycle, reproductive status, and contraceptive agents including hormones such 

as estradiol and progesterone, which have a tremendous impact on the physiology of and 

regulation of epithelial cell function in the FRT, should also be considered when evaluating 

the potential effectiveness of probiotics and intravaginal delivery vehicles (40, 41).
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As with oral probiotic administration, one of the initial methods investigated for vaginal 

probiotic delivery involved the administration of probiotic-containing yogurt formulations. 

While topical application of yogurt provided an initial method of intravaginally delivering 

probiotics, since then, other dosage forms including vaginal tablets, capsules, suppositories, 

microparticles, and intravaginal rings (IVRs) have been developed and used to locally 

deliver probiotics to the FRT (7, 33, 42–44). These delivery technologies, in the context 

of BV and female reproductive health, are more thoroughly reviewed in Supplementary 

Materials and are briefly summarized in Figure 1. We also highlight some of the 

commercially available intravaginally-administered probiotic products to improve vaginal 

health and BV infection (Table 2).

4. Future Directions in Probiotic Delivery for BV Treatment

4.1. Electrospun Fibers

Electrospinning has been extensively explored for a variety of medical applications to 

date (45–50), with more recent consideration for the intravaginal delivery of therapeutic 

agents against viral (51–61) and bacterial pathogens (62–66). Fibers possess a multitude 

of favorable characteristics including cost-effectiveness, ease of scale-up, and the ability 

to fabricate a variety of geometries and sizes (67, 68), making them promising options as 

new probiotic delivery platforms. Furthermore, the potential of fibers to provide sustained­

delivery − arising from their high surface-area-to-volume ratio, degree of interconnected 

porosity, tunable pore sizes, interchangeable polymer options, and diverse fiber architectures 

− is of particular interest to intravaginal applications (69), in which the sustained delivery 

of a variety of active agents (live cells in particular) is highly desirable. Lastly, fibers have 

been shown to enhance encapsulant stability (70), which is especially important to the viable 

incorporation and delivery of live probiotic cells.

While electrospun fibers have been explored as a practical and promising dosage form 

to incorporate and deliver bacteria for food engineering and biomedical applications, to 

date only a few studies have investigated the feasibility of probiotic incorporation in 

electrospun fibers that are, or may be relevant to, intravaginal delivery applications (70–

76). Furthermore, a scarcity of studies has evaluated how to achieve sustained delivery 

of incorporated probiotics. Given this, the goal of these sections is to review studies that 

have incorporated live probiotics into fibers and discuss their future potential to integrate 

and modulate the release of probiotics for reproductive health applications such as BV. 

We first review studies focused on probiotic incorporation within electrospun fibers from 

food engineering and biomedical applications outside of female reproductive delivery, the 

knowledge of which may be applied to develop similar technologies for female reproductive 

health. Subsequently, we elaborate on the few studies that have incorporated bacteria 

in fibers for intravaginal applications. Overall, we highlight the promise fibers hold as 

efficacious, probiotic delivery platforms for BV treatment and identify considerations such 

as prebiotic incorporation, fiber architecture, and the incorporation of different bacterial 

species to enhance the viability and subsequent release of probiotics.
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4.1.1. Probiotic Incorporation in Fibers—Some of the first studies to demonstrate 

the feasibility of electrospinning probiotics pertained to food processing and biomedical 

applications. One of these studies focused on food industry applications that incorporated 

L. plantarum and prebiotic fructo-oligosaccharides in polyvinyl alcohol (PVA) fibers to 

improve probiotic-resistance to moist heat (77), demonstrating the ability to finely tune fiber 

conditions such that probiotic viability could be maintained across different temperature 

ranges. In another study focused instead on fiber architecture, the effectiveness of two 

different fiber designs was investigated to improve the survivability of L. plantarum. This 

study found that probiotic incorporation in coaxial PVA:sodium alginate fibers improved 

the survivability and heat resistance of probiotic L. plantarum, relative to uniaxial PVA­

only fibers (78). Lastly, another study evaluated the feasibility of incorporating lactic 

acid-producing bacteria of different sizes with bacteriocins in poly(ethylene oxide) (PEO) 

fibers to assess the impact of bacteria type on post-spun viability, suggesting that smaller 

Gram-positive bacteria such as M. luteus may be more resistant to the high voltages involved 

in the electrospinning process (72). These studies emphasize the promising potential of 

electrospun fibers in probiotic delivery when factors such as prebiotic incorporation, fiber 

structure, and bacteria type are considered.

Taking cues from applications other than intravaginal delivery, more recent work has 

investigated methods to increase the incorporation and viability of various lactobacilli 

species into electrospun fibers by varying the polymer ratio (71), showing that probiotic 

viability varied as a function of polyvinylpyrrolidone (PVP) content. Another study utilized 

lyoprotectants to improve the long-term storage viability (24 wk) of probiotic dosage forms 

for vaginal delivery applications, finding that the most crucial parameter in achieving high 

cell viability was the concentration of the probiotic itself and lyoprotectant, as opposed to 

applied voltage or relative humidity (75).

A more recent study investigated the potential viability of incorporating ten different 

Lactobacillus species (at 1010 CFU probiotic/mg) in fibers for future intravaginal delivery 

applications (73). The results from this study indicated that lactobacilli remained viable 

after incorporation in 4% w/w PEO fibers, with a species-dependent 0.1 to 3 log CFU/mg 

decrease in viability after electrospinning. The highest viability was achieved for L. gasseri, 
which had a 0.1 log-decrease in post-spun viability. Furthermore, additional recent studies 

have highlighted parameters including bacterial morphology and surface properties that 

significantly impact cell viability (73) and conditions that improve probiotic fiber stability 

(76).

Together these studies show that to best achieve high cell viability and stability, 

parameters such as polymer/solution choice, fiber material and architecture, addition of 

lyoprotectants and additives, bacterial morphology/type, and moisture barrier properties 

must be considered, in particular to achieve conditions amenable to prolonged probiotic 

release (79). Specifically, polymer and solvent choices are often restricted as bacteria 

require aqueous environments for viability and processing; furthermore, for long-term 

release on the order of weeks to months, selected materials must enable relevant time 

frames of release and degradation to facilitate the desired cell release kinetics. Thus 

far, fiber designs have primarily consisted of uniaxial architectures, in which a single 
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hydrophilic polymer type is used, due to the constraints of incorporating live cells in 

non-aqueous formulations. However, one of the attributes of fiber-based technologies is 

that advanced fiber architectures may be designed to provide differential stimuli-responsive, 

rapid, or sustained-release kinetics. Furthermore, the ability to formulate fibers in various 

shapes, sizes, and textures, combined with microscale properties including pore size, 

degree of porosity, surface modifications, surface-area-to-volume ratio, and interchangeable 

polymer selection, enables a platform with finely tunable capabilities (39, 80). The studies 

highlighted in the next section discuss important considerations and different architectures 

that may be applied to further enhance cell viability and modulate cell release.

4.1.2. Architectural Lessons from the Intravaginal Delivery of Active Agents 
from Fibers—The ability of electrospun fibers to be fabricated in a variety of 

architectures is a prominent feature which may impact probiotic incorporation, therapeutic 

co-administration, sustained- or staged-release, and overall functionality. Conventionally, 

uniaxial architectures have provided high encapsulation of a variety of active agents ranging 

from antiretrovirals to antibiotics (68, 81, 82) and have been tailored to exhibit sophisticated 

release patterns in response to environmental conditions such as pH (56).

Despite the use of uniaxial fibers to deliver active agents to the female reproductive tract, 

most uniaxial fibers consist of hydrophilic polymers such as PVP and PEO which rapidly 

dissolve and release active agents within relatively short time frames of minutes to hours 

(83). In contrast, hydrophobic polymers can provide sustained release of agents; however, 

hydrophobic polymers often require the use of harsh solvents for electrospinning, which 

may limit the application of uniaxial fibers in probiotic delivery (57, 84). However, blends 

of hydrophobic and hydrophilic polymers may be used to modulate active agent release 

(85–87). While polymer blends are effective in tuning the release of active agents, the use of 

discrete architectures, in which hydrophilic and hydrophobic polymers are spun in parallel 

or sequentially, may provide additional versatility in incorporating different agents and 

modulating release. Recently, more complex architectures including coaxial, multilayered, 

and composite fiber architectures have been explored to modulate the release of active 

agents for intravaginal delivery (45–50) and have the potential to incorporate probiotics in 

discrete fiber sections for female reproductive health applications.

Coaxial Electrospun Fibers: Coaxial fibers, derived from uniaxial electrospinning, are 

comprised of an outer protective shell which surrounds an inner core (39). While the 

inner core serves to provide favorable conditions for the incorporation of active-agents/

encapsulants, the primary functionality of the outer layer is to protect encapsulants in 

the inner core from potentially harsh conditions (e.g., the FRT) and to modulate their 

release (88). Additionally, the ability to select polymers with different properties (such as 

hydrophobicity or hydrophilicity) for any given layer of the coaxial fiber yields further 

control over the release properties. Furthermore, varying the thickness ratio of the outer 

versus inner shell enables additional tunability that is lacking in uniaxial fibers (89). The 

benefit of these characteristics was highlighted in a study that compared ethyl cellulose (EC) 

shell and PVP core coaxial fibers to uniaxial EC fibers for localized vaginal administration. 

The coaxial fibers demonstrated improved sustained-release of maraviroc relative to uniaxial 
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EC fibers, highlighting the relationship between shell thickness and decreased drug release 

(59). Additional study details and the attributes of stimuli-responsive coaxial fibers are 

discussed in Supplementary Materials.

Given the benefits that coaxial fibers have shown in intravaginal delivery applications, 

one can envision their potential to also incorporate probiotics with high viability and 

sustained-release. A hydrophilic core, electrospun in an aqueous solution with high 

nutrient content, may be envisioned to benefit bacterial viability and proliferation. 

Furthermore, an outer hydrophobic shell may act to minimize exposure and protect bacteria 

(facultative or anaerobic) from oxygen, high temperatures, and other harsh conditions, while 

simultaneously serving as a barrier to prolong probiotic release. Additionally, release may be 

further modulated by changing the polymer composition and pore size of the outer shell.

Multilayered Fibers: Building upon the benefits provided by coaxial fiber architectures, 

multilayered fibers have been recently used to further sustain the release of active 

agents for intravaginal and other dosage forms. Multilayered architectures − comprised 

of various individual layers arranged on top of each other − conveniently allow for the 

encapsulation of different active agents within each layer; their release can then be easily 

tuned, with substantial control, by modifying the porosity, thickness, and composition of 

each layer. Multilayered fibers offer simplicity in design, cost-effectiveness, and perhaps 

the greatest flexibility in finely tuning release properties. Importantly, spatially-specific 

release advantageously characterizes this particular architecture, allowing for distinct release 

profiles from separate layers (39).

The primary methods to fabricate multilayered fibers include sequential layering, stacking, 

and interweaving of fibers (90–92). To date, few studies have explored multilayered fibers 

for intravaginal applications, and have primarily focused on multilayered architectures that 

provide short-term and intermediate levels of release (240 hr)(93). However, research in 

other drug delivery applications has demonstrated the ability of multilayered fibers to 

modulate the release of active agents by altering the number and thickness of drug-loaded 

layers (94). One can envision that the use of multilayered fiber architectures may be 

extended to incorporate probiotics, perhaps within a hydrophilic layer sandwiched between 

hydrophobic layer(s) to tailor release. Since release from multilayered fibers is governed 

by many parameters including polymer composition, number of layers, and layer thickness 

and porosity, these architectures seem to offer the greatest versatility in modulating release 

kinetics, in particular for applications that require discrete aqueous-based polymer solutions 

for probiotic incorporation.

Particle-Fiber Composite: A potentially promising platform, that may be effective for 

probiotic delivery, may be found in the integration of nanoparticles (NPs) with electrospun 

fibers. The resulting composite may be desirable for FRT delivery because NPs and fibers 

offer complementary delivery features. For example, NPs may serve as mobile platforms to 

better facilitate active agent transport across intravaginal barriers and subsequent retention 

in target tissue (39), while fibers may offer a more stationary platform that serves as a 

reservoir to enhance agent stability and modulate release (95). Both delivery platforms have 

been extensively used for intravaginal delivery of more “traditional” therapeutics including 
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antiretrovirals and proteins (96–98). While it may be infeasible to incorporate probiotics in 

synthetic hydrophobic polymers, natural polymers such as chitosan and gelatin are more 

likely candidates that may be applied for probiotic incorporation (99, 100). However, the 

constant shedding of the mucus is known to pose a significant obstacle to NP retention 

and corresponding efficaciousness (101–103). One way to address this limitation may 

be to formulate NP-fiber composites, in which fibers serve as reservoirs for NPs and 

consequently improve NP retention. Furthermore, the pre-established long-term release 

potential of multilayered fibers, may allow for a significant range of kinetic tunability. A 

summary of some recent composite systems, envisioned for intravaginal delivery, can be 

found in Supplementary Materials.

While future work may imagine incorporating probiotics in particle-fiber composites, 

due to the larger size of probiotics, microparticles fabricated from natural hydrophilic 

polymers (perhaps, alginate-based particles) may be used instead to provide high levels 

of viable probiotic encapsulation. The fiber component of the structure may similarly 

serve as a reservoir to improve particle/probiotic retention and modulate the release of 

probiotics for BV treatment, when needed. Conversely, one can imagine that particles 

may incorporate different active agents to offer complementary mechanisms of activity 

to probiotic organisms in restoring or maintaining vaginal health. Regardless of vision, 

the use of advanced fiber architectures has the potential to elevate probiotic delivery by 

providing additional options to protect cells from unfavorable conditions, tuning sustained- 

and/or stimuli-responsive release and offering multi-mechanistic approaches to combat the 

multitude of bacterial and viral infections experienced by women globally.

4.2. 3D Bioprinting

In addition to the potential offered by electrospinning to incorporate and modulate the 

release of probiotics, 3D bioprinting may offer a promising alternative by which to 

incorporate and deliver probiotic organisms for female reproductive infections, including 

BV. With respect to other technologies, 3D bioprinting is a relatively new technique that 

involves the fabrication of complex 3D architectures through the layer-by-layer deposition of 

cells and biomaterials (104). As opposed to traditional 3D printers, bioprinters operate using 

processing conditions and temperature ranges that are conducive to the survival of cell-laden 

bioinks (105, 106). The low cost, potential for constructing personalized patient-specific 

designs, and the high precision and degree of control that bioprinting lends to the design 

process have helped it to become a method of rapid prototyping for tissue engineering 

applications in the research and medical communities (104). In particular, 3D bioprinting 

has shown tremendous promise in tissue engineering and regenerative medicine due in 

part to its potential to construct complex, functional tissues and organs. In addition, the 

development of complex 3D cell culture architectures has enabled researchers to develop 

more accurate in vitro disease models for toxicology studies and to better customize in 
vivo therapies (107). In parallel, bioprinted architectures have been used to target drug 

release to specific sites within the body in a controlled manner and in response to specific 

stimuli (108, 109). Extrapolating these features, we envision that 3D bioprinting may be 

used to incorporate and release live probiotics to promote and restore intravaginal health. 

To our knowledge, such a 3D bioprinted scaffold has not yet been developed for female 
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reproductive health applications. Here we will summarize some of the strides made in 3D 

bioprinting for intravaginal delivery and in 3D bioprinting bacteria for other biomedical 

applications, that may be applied to FRT delivery.

4.2.1. 3D Bioprinting Methods/Technologies—A variety of 3D bioprinting 

technologies exist, with the most popular being based on inkjet, laser-assisted, and 

extrusion printing methodologies. A brief synopsis of these methodologies can be found 

in Supplementary Materials. Of all the 3D printing technologies, extrusion printing offers 

the widest selection of biomaterials – from hydrogels to cell spheroids. More importantly, 

it is capable of printing very high cell densities and also exhibits fast printing speeds (110, 

111). The primary concern with extrusion bioprinting is that cell damage may be induced 

by the high shear stress, but this can be circumvented in part through the use of bioinks that 

have shear-thinning or thermal gelation properties (109, 112). Multiple studies have used 

extrusion-based printing to successfully print bacterial scaffolds (106, 113–117).

Regardless of the specific technology used, the basic process of bioprinting remains the 

same. The 3D construct is first modeled in silico through a computer-aided design (CAD) 

software and uploaded to the printer. The scaffold is then printed using a customized bioink 

and undergoes post-processing steps such as crosslinking to provide additional mechanical 

features (105, 106).

Careful adjustment of many parameters including printing speed, pressure, nozzle diameter, 

nozzle shape, and bioink composition are necessary to optimize printing resolution. 

Oftentimes, speed and pressure are directly dependent, and have to be adjusted in parallel to 

ensure the extrusion of a continuous, even flow of bioink filament (106, 118).

4.2.2. Parameters for Bioink Selection for Probiotic Incorporation—The 

evaluation and selection of appropriate bioinks for a particular application is one of the 

most important considerations of the bioprinting process, due to its impact on the structure 

and function of the printed architectures, and the growth and differentiation of incorporated 

cells. A variety of bioinks are available, ranging from acellular thermoplastics to polymer 

solutions that are comprised of live cells and/or biomaterials capable of supporting cell 

adhesion, proliferation, and differentiation.

The ideal bioink should possess biological properties such as biocompatibility and low 

cytotoxicity, as well mechanical properties including good printability, which is defined by 

high mechanical stability and fine printing resolution. However, this can be challenging 

since the properties that enhance printability typically diminish biological properties 

(107). For example, although highly viscous solutions better maintain their structure upon 

extrusion, exhibiting the desired printability, the increased pressure needed for extrusion 

induces high shear stress on encapsulated cells, decreasing viability. To overcome this 

challenge, materials that possess shear-thinning effects (i.e., non-Newtonian solutions) are 

typically chosen as bioinks and have included sodium alginate and gelatin methacrylamide/

gellan gum blends (104, 107).

Chandrashekhar et al. Page 11

AAPS J. Author manuscript; available in PMC 2022 May 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Additional desirable bioink properties include in situ gelation, viscoelasticity, low cost, ease 

of availability, industrial scalability, short maturation time after printing, immunological 

compatibility, and permeability of nutrients/oxygen and waste (107). Furthermore, scaffolds 

should elicit negligible immune responses from the host, especially for applications, such 

as BV, which involve increased susceptibility to infection. A summary of some of the most 

widely used bioinks is provided in Supplementary Materials.

Although other bioinks have not been specifically shown to incorporate prokaryotic 

organisms, they have demonstrated promise with eukaryotic cells and their application 

could potentially be extended to the printing of prokaryotic organisms including lactobacilli. 

Recent research has discovered bioinks with supramolecular functionality, reversible 

crosslinking polymers, and stimuli-responsive hydrogels, expanding the possibilities that 

bioprinting can offer to the medical community (110).

4.2.3. Potential of 3D printing for Probiotic Incorporation—Although there has 

been extensive research regarding the 3D printing of eukaryotic cells for tissue engineering 

applications (119), there are comparatively fewer studies that have printed prokaryotic 

organisms (120), in particular probiotics. Given the dearth of probiotic bioprinting in 

general, and none-to-date targeting female reproductive health, the focus here will be to 

discuss technologies that have been employed to print bacterial communities for other 

applications, and that may be extrapolated to design probiotic structures for BV treatment. 

Furthermore, unlike the majority of 3D cell printing studies that focus on developing 

scaffolds capable of supporting cell growth throughout its architecture, here we focus on 

how the technology may be extended to release and deliver cells to the FRT.

3D printed scaffolds embedded with bacteria have been used to induce chemical reactions, 

manufacture biologically important substances, break down pollutants/toxic chemicals, and 

study biofilm structure and formation (106, 115, 116). Bacterial constructs containing 

Staphylococcus aureus, methicillin-resistant S. aureus, and Pseudomonas aeruginosa have 

also been printed for antibiotic testing purposes (114, 121).

Other more complex designs, that encapsulate multiple bacterial species, have been printed 

for biomedical and bioremediation applications (122). In one study, structures containing 

both Pseudomonas putida and Acetobacter xylinum were 3D bioprinted, using a direct 

ink writing technique, for bioremediation and dermatological applications. The same study 

described another example in which both P. putida and B. subtilis were printed into a single 

grid pattern, but each strain was spatially separated into different columns of the grid, thus 

demonstrating the ability of bioprinted technologies to control distinct spatial organization 

and composition of bacterial architectures. Furthermore, this study illustrated the ability to 

combine multiple bacteria, each with varying characteristics, within one functional structure 

(113). These findings suggest the possibility of constructing probiotic scaffolds capable of 

releasing multiple different lactobacilli species/strains to more closely mimic the microbial 

diversity of the healthy FRT.

3D printed scaffolds not only offer control over composition and spatial organization, but 

they can also be genetically manipulated to enhance desirable characteristics. In one study, 
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E. coli biofilms were printed and subsequently genetically induced to form curli fibers (a 

natural extracellular component of E.coli biofilms); this combination of 3D printing and 

genetic manipulation of the resulting platform improved scaffold stability and resilience, and 

induced adherent biofilm-mimicking structures for water filtration applications (115).

While bacterial 3D printing has been explored for a variety of applications outlined above, 

very few studies have focused specifically on probiotic printing. In one study, Lactobacillus 
plantarum was incorporated into a 3D printed cereal-based food, a category of food 

which comprises approximately two-thirds of human food consumption. In this printing 

application, probiotic viability of ~106 CFU/g was achieved, and increased survival may 

have been achieved without high temperature baking of dough formulations (117). In a 

different study, Bifidobacterium animalis were incorporated (with a viability of around 1010 

log CFU/g) as a probiotic food source for gastrointestinal health applications. Given these 

findings, in combination with the successes of highly incorporating viable bacteria in the 

aforementioned studies, we anticipate that 3D printed probiotic scaffolds for intravaginal 

BV treatment have the potential to meet the dosing requirements of ~108 viable organisms 

per day for clinical BV treatment (19). Although these are among the few studies that 

demonstrate 3D printing of probiotics to date, they in conjunction with other bacterial 

3D printing studies, support the possibility of using similar bioinks and technologies to 

incorporate and print probiotic lactobacilli for intravaginal applications.

4.2.4. Applying 3D Bioprinted Scaffolds to Customize Probiotic Release—To 

date, 3D cell printing studies have largely focused on developing scaffolds capable of 

supporting and facilitating cell growth throughout their architectures, rather than releasing 

and delivering cells to specific locations such as the FRT. Regardless, given the variety of 3D 

printed drug delivery platforms that have already been developed to modulate the release of 

non-living pharmaceutical agents, we predict that similar technologies and architectures may 

be employed to deliver probiotics for female reproductive health issues like BV.

3D printed sustained-release drug (non-cell) delivery platforms for vaginal applications are 

limited. Some have been briefly discussed in a prior review (123). One particular study 

printed suppository molds using a castable resin and injected non-biodegradable silicone 

elastomers to produce non-dissolvable suppositories that tailored shape and size to fit 

individual needs, while facilitating efficacious analgesic release for cancer, post-surgical, 

and postpartum pain management for more than 30 days (124).

In another study, suppository shell molds were 3D printed using PVA, a water-soluble 

polymer that disintegrated to release incorporated progesterone (125). This study discovered 

that modification of the number, position, and size of holes in the suppository shell affected 

hormone release rates in a predictable pattern, further emphasizing that modifications to 

the architecture can affect drug release characteristics and be used to personalize delivery. 

Similar 3D printed molding processes have been used to develop unique tablet architectures 

capable of complex release kinetics including pulsatile release (126). The tablets consisted 

of 3 layers: an impermeable outer layer, surface eroding middle layer without drugs, and a 

surface eroding internal layer with drugs. Modifications to the shapes/thickness of each layer 

altered the surface area exposed to the external environment, thereby allowing for the precise 
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tuning of release profiles. Although not specifically designed for vaginal applications, this 

study highlighted the potential of 3D printing to provide complex release profiles through 

unique architectures. Release of probiotics could be modulated through similar scaffold 

designs, although increased porosity/hole sizes may be needed to facilitate the release of 

cells since they are much larger than drugs (micrometers for cells vs. nanometers for drugs).

Drug-eluting 3D constructs of differing geometries have also been fabricated through direct 

3D printing (without the use of molds) as well. Progesterone and estrogen laden PCL 

polymers were printed in a multitude of designs including surgical meshes, subdermal 

rods, intrauterine devices, and pessaries, each demonstrating release over the course of one 

week (127). Mesh architectures were also reported in a study in which antibiotics were 

incorporated into thermoplastic polyurethane vaginal meshes and displayed bacteriostatic 

activity on S. aureus and E. coli with release lasting 3 days (128). Another study printed 

T-shaped intrauterine devices and subcutaneous rods with ethylene vinyl acetate showing 

release of indomethacin longer than 30 days (129). While drug solubility upon release, 

drug/polymer crystallinity, drug loading concentration, and extrusion temperature were 

the primary factors contributing to the differential release profiles, these studies help to 

demonstrate how the architectural flexibility of 3D printing can customize devices that fit 

individual patient anatomy.

As another example and utilizing a gold-standard product of sustained intravaginal delivery, 

intravaginal rings were 3D printed to topically deliver progesterone with sustained-release 

for up to 7 days. Here progesterone was mixed with PEG, and subsequently printed into 

a hydrophobic matrix consisting of poly(lactic acid) (PLA) and PCL, serving to restrict 

progesterone release, while enabling pore formation for progesterone release (130). A 

similar concept, involving the integration of hydrophilic and hydrophobic polymers, may 

be potentially used to sustain probiotic release in a similar environment. We anticipate that 

such a development would be key to solving problems involving BV recurrence and user 

adherence since it can offer prolonged local delivery of probiotics at high concentrations.

Innumerable other drug delivery platforms have been 3D printed with the purpose to sustain 

active agent delivery, although not for female reproductive health applications like BV 

and none (to our knowledge) involving the release of live cells. Release profiles of active 

agents from printed scaffolds can be modulated by controlling the polymer composition, 

architecture, and infill densities. Given this, similar factors may be investigated to tune the 

release of prokaryotic cells from 3D bioprinted vaginal scaffolds.

4.2.5. Architectural Lessons from other 3D Printing Applications—While our 

focus has primarily been on 3D printed vaginal drug delivery platforms and discussing how 

those technologies may be extended to release probiotics in the FRT, important architectural 

ideas can also be gleaned from other 3D printing applications. Here we expand on a few 

3D printed designs used in non-vaginal applications, to discuss how they may benefit 

intravaginal delivery.

Two of the most utilized architectures that have been used to incorporate L. plantarum 
are “concentric” and “honeycomb” geometries with advanced surface-to-volume ratio and 
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infill patterns of 60% and 30%, respectively (117). The major advantage of these printed 

structures is their ability to incorporate increased concentrations of viable probiotics (106 

CFU/g) and to improve cell survival. In addition, in a previously noted study, cylindrical 

architectures were used to incorporate Bifidobacterium animalis in 3D printed mashed 

potatoes as a probiotic food source for gastrointestinal health applications. Overall, the 

incorporation of probiotics within a cylindrical scaffold resulted in the improved stability of 

Bifidobacterium animalis (131).

A more complex 3D printed architecture was also investigated for its role in improving 

gastrointestinal microbial health. A coaxial 3D printing configuration was used to design 

a core-shell fiber, with each layer incorporating one of two drugs to either improve 

Bifidobacterium proliferation or inhibit the growth of pathogenic E. coli (132). The design 

resulted in a biphasic release profile of both active agents, stachyose and proteoglycan, 

that were incorporated in the outer and inner layers, respectively, providing both burst and 

sustained-release. It was found that release could be modulated by changing the location of 

drug loading (either within shell or core layers) and the geometry of the fiber matrix (either a 

square, semi-circular, or circular patterned grid).

In a study that explored the impact of 3D printed scaffold geometry on the pathogenicity of 

incorporated bacteria, a more complex geometry – a 3D gelatin-based pyramid-shape – was 

designed to incorporate and investigate the resistance of S. aureus to β-lactam antibiotics in 

the presence of Pseudomonas aeruginosa (121). This study showed that physically distinct, 

yet chemically interactive populations of defined shape, size, and density can be organized 

into limitless arrangements. Additionally, a previously mentioned study which printed E.coli 
biofilms, showed that distinct bacterial layers can be printed with spatial separation in the 

z-axis (115), while a different study investigated the spatiotemporal characteristics of 3D 

biofilms by bioprinting E. coli, S. aureus (MSSA), methicillin-resistant S. aureus (MRSA), 

and P. aeruginosa into solid or lattice geometries using an alginate-based bioink (114).

A similar study utilized a 3D printing process known as “freeform reversible embedding 

of suspended hydrogels” to design complex 3D structures that were otherwise impossible 

to fabricate with traditional fabrication methods. Square lattices with rectilinear infill, more 

complex patterns with octagonal infill, and nonplanar helices were printed using an alginate­

based bioink containing C2C12 myoblast cells (133).

Expanding beyond scaffolds that are entirely 3D printed, 3D printing can also be combined 

with other techniques such as electrospinning (134) and nanoparticle encapsulation (135) to 

create more complex architectures that facilitate sustained release. For instance, since direct 

incorporation of growth factors in 3D bioprinted tissue scaffolds has been shown to lead 

to degradation and quick elimination, growth factors have been embedded in nanocarriers, 

which are printed into the final tissue scaffold. Sustained release of the growth factors 

was observed as the nanocarrier shell slowly degraded (118). Similar to this work, one 

may envision the potential of probiotic-containing microparticles to be incorporated in 

a bioprinted platform. This method has the potential to provide the benefits of highly 

tunable 3D bioprinted release while maintaining high probiotic viability (136). To address 

concerns of decreased probiotic bioavailability upon direct mixing with polymer bioink, a 
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different study microencapsulated probiotics into 3-layered capsules to shield the organisms 

from external forces (137). These microcapsules can be subsequently delivered through a 

bioprinted platform, thereby providing the benefits of 3D bioprinted release platforms, while 

maintaining high probiotic viability (136).

Another study used a combination of electrospinning and 3D bioprinting to design a 

structure with controlled porosity and nanoscale features that mimic the ECM for tissue 

engineering applications (138). The design consisted of an orthogonal array of 3D bioprinted 

gel microfibers, with electrospun PCL nanofibers intercalated between every two microfiber 

layers. This design enhanced control over porosity relative to 3D printing alone, ensuring 

adequate pore sizes for proper cell migration and diffusion of nutrients/waste. At the same 

time, the nanofiber web functioned as a cell entrapment system, enabling greater cell 

attachment and proliferation than a normal bioprinted gel scaffold. Similar concepts could 

be used to design scaffolds that offer sufficient controlled porosity for cell release while 

promoting cell proliferation within the scaffold. Such an integration of different technologies 

may help to overcome the weaknesses of each technique to design complex functional 

probiotic scaffolds that suit a variety of female reproductive needs.

In summary, 3D bioprinting has been based on a variety of materials that are able 

to form layer-by-layer structures. By applying computer aided software, bioprinting has 

demonstrated the ability to generate a wide range of high-resolution biological architectures 

with complex and controlled designs and shapes (113). These capabilities have advanced 

3D bioprinting in the fields of tissue engineering (139), regenerative medicine (140, 141), 

biomedical sciences, and laboratory and commercial settings (142). Scaffold architecture 

is one of its most important features since it influences its mechanical support, biological 

response, and transport of important substances throughout its structure (118). Modification 

of the 3D scaffold geometry may be advantageous in designing a vehicle that can sustain 

probiotic delivery for BV treatment. Although there is no existing research exploring this, 

it may be a promising option by which to promote female reproductive health and prevent 

infections such as BV.

5. Conclusions

Bacterial vaginosis is a dysbiotic condition caused by an imbalance of naturally occurring 

bacterial flora. BV has emerged as a public health concern given its serious implications, 

some of which include endometriosis, pelvic inflammatory disease, impact on preterm birth, 

and increased risk of acquiring sexually transmitted infections. In the first portion of this 

review, we focus on the devastating impact of BV on female reproductive health, and 

highlight the limitations of traditional antibiotic approaches to provide a long-term “cure” 

for BV. Furthermore, we discuss the emergence of probiotic organisms as an alternative 

therapy to reinstate the healthy lactobacilli-dominant vaginal flora and to treat and/or 

prevent BV recurrence. Toward this we discuss research studies and clinical trials that 

have investigated the current methods of frequent, often daily, oral or vaginal probiotic 

administration and the associated dosage forms to date, that deliver probiotics alone or 

in combination with antibiotics. In the final sections of this review paper, we aimed to 

explore the potential utilization of other technologies that have begun to be employed for the 
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intravaginal delivery of active agents, namely electrospun fibers and 3D bioprinted scaffolds. 

We have highlighted different materials, parameters, formulations, and architectures in 

both electrospinning and 3D bioprinting that may be optimized to provide the viability 

and release necessary for future alternative and innovative intravaginal probiotic delivery 

approaches. Ultimately, we envision that the implementation of these innovative strategies 

has significant potential to improve not only BV, but to impact broader female reproductive 

health applications.
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Figure 1. 
Schematic depiction of the different vaginal dosage forms used to deliver probiotics for BV 

treatment. Existing platforms include tablets, capsules, suppositories, microparticles, and 

intravaginal rings, while dosage forms including electrospun fibers and 3D printed scaffolds 

are either in development or may be considered to intravaginally deliver probiotics.
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Table 1.

Some of the commercially available oral probiotic dosage forms available to treat BV and/or improve vaginal 

health.

Oral 
Dosage 
Form

Brand Probiotic Strains

Capsule Hum - Private Party L. acidophilus, L. reuteri, L. rhamnosus

Capsule Love Wellness - Good Girl Probiotics L. acidophilus, L. rhamnosus, L. plantarum, L. salivarius, L. casei, L. paracasei, L. 
brevis, L. gasseri

Capsule Fair Haven Health - IsoFresh 
Probiotic L. acidophilus, L. reuteri, L. rhamnosus, B. lactis, B. longum

Capsule Renew Life - Ultimate Flora 
Women’s Care Probiotic

L. acidophilus, L. rhamnosus, L. plantarum, L. salivarius, L. casei, L. paracasei, L. 
brevis, L. gasseri, B. lactis, B. longum

Capsule Renew Life - Women’s Daily L. acidophilus, L. rhamnosus, L. casei, L. paracasei, L. plantarum, L. salivarius, L. 
gasseri, B. lactis

Capsule Wholesome Wellness -Women’s 
RAW Probiotic

L. acidophilus, B. bifidum, B. lactis, L. paracasei, B. longum, L. brevis, L. 
bulgaricus, L. casei, L. fermentum, L. helveticus, L. kefirano-faciens, L. kefirgranum, 
L. rhamnosus, L. lactis, L. cremoris, S. thermophilus, Lactobacillus kefir, L. 
parakefir, L. plantarum, L. lactis biovar diacetylactis, leuconostoc lactis, Leuconostoc 
mesenteroides, Leuconostoc cremoris, Leuconostoc dextranicum, Kluyvero-myces 
marxianus, Brettanomyces anomalus, Debaryomyces hansenii, Saccharomyces 
unisporus, Saccharomyces turicensis, Saccharomyces cerevisiae, Saccharomyces 
exiguus, Torulaspora delbrueckii, B. breve

Capsule Garden of Life - RAW Probiotics 
Vaginal Care

L. acidophilus, L. reuteri, L. rhamnosus, L. fermentum, L. paracasei, L. salivarius, 
L. gasseri, L. brevis, L. bulgaricus, L. casei, L. helveticus, L kefiranofaciens, L. 
kefirgranum, Lactococcus lactis, Lactococcus lactis biovar diacetylactis, Lactococcus 
cremoris, L. kefir, L. parakefir, B. lactis, B. longum, S. thermophilus, Leuconostoc 
lactis, Leuconostoc mesenteroides, Leuconostoc cremoris, Leuconostoc dextranicum, 
Kluyveromyces marxianus, Brettanomyces anomalus, Debaryomyces hansenii, 
Saccharomyces unisporus, Saccharomyces turicensis, Saccharomyces cerevisiae, 
Saccharomyces exiguus, Torulaspora delbrueckii

Capsule Garden of Life - Dr. Formulated 
Probiotics - Women’s Daily Care

L. acidophilus, L. rhamnosus, L. reuteri, L. paracasei, L. casei, L. plantarum, L. 
bulgaricus, L. brevis, L. salivarius, L. gasseri, L. fermentum, B. lactis, B. bifidum, B. 
breve, B. infantis, B. longus,

Capsule Super Smart - Vaginal Health L. acidophilus, L. rhamnosus, L. casei, L. salivarius, B. lactis

Capsule Physician’s Choice Women’s 
Probiotic L. acidophilus, L. paracasei, L. plantarum, L. gasseri, B. lactis

Capsule Jarrow Formulas - Jarrow Dophilus 
Women, Vaginal Probiotic L. rhamnosus, L. crispatus, L. gasseri, L. jensenii

Capsule Jarrow Formulas - Fem Dophilus L. rhamnosus, L. reuteri

Capsule Intimate Rose - Flora Bloom 
Probiotics for Women L. acidophilus, L. rhamnosus, L. reuteri, L. plantarum

Capsule Intelligent Labs - Women’s Probiotics 
and Prebiotics with Sunfiber and FOS L. acidophilus, B. lactis, B. bifidum, B. longum

Capsule WonderVites - Women’s 15 Billion 
Probiotic Formula

L. acidophilus, L. rhamnosus, L. plantarum, L. salivarius, L. bulgaricus, B. lactis, B. 
bifidum, B. longum

Capsule WonderVites - Women’s 50 Billion 
Probiotic Formula L. acidophilus, L. casei, L. lactis, L. salivarius, L. plantarum, B. lactis, B. breve

Capsule RepHresh Pro-B L. rhamnosus, L. reuteri

Capsule vH Essentials L. acidophilus, L. rhamnosus, Bacillus coagulans

Capsule Queen V L. acidophilus, L. rhamnosus, Bacillus coagulans, B. boulardi, Saccharomyces 
boulardi

Capsule Ora - Lady Bugs L. acidophilus, L. rhamnosus, L. reuteri, L. crispatus, L. fermentum, L. plantarum
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Capsule AZO - Complete Feminine Balance L. rhamnosus, L. crispatus, L. jensenii, L. gasseri

Capsule MegaFood - MegaFlora Women’s 
Probiotic

L. acidophilus, L. casei, L. plantarum, L. rhamnosus, L. salivarius, L. brevis, L. 
bulgaricus, L. gasseri, L. lactis, B. lactis, B. longum, B. bifidum, B. infantis, S. 
thermophilus

Capsule UP4 Women’s Probiotic L. acidophilus, L. plantarum, L. rhamnosus, L. gasseri, B. lactis

Capsule Vita Miracle - Ultra 30 Women’s 
Probiotic

L. acidophilus, L. rhamnosus, L. fermentum, B. bifidum, B. longum, B. infantis, L. 
gasseri, B. coagulans, B. lactis, L. reuteri, L. casei, L. paracasei, L. bulgaricus, L. 
plantarum, L. salivarius, S. thermophilus, B. breve, and L. helveticus

Capsule Zentastic L. acidophilus, L. rhamnosus, L. gasseri, L. paracasei, L. plantarum, L. reuteri, B. 
bifidum, B. infantis, B. lactis, B. longum

Capsule Integrative Therapeutics L. rhamnosus, L. reuteri

Capsule Routine B. lactis, L. rhamnosus, L. acidophilus

Capsule Biom Probiotics - Feminine Support L. acidophilus, L. gasseri, L. crispatus, L. reuteri, L. fermentum, L. plantarum, L. 
rhamnosus, Bacillus coagulans, B. brevis, B. lactis, B. bifidum

Capsule DrFormulas - Nexabiotic - Probiotics 
for Women

Saccharomyces boulardi, L. helveticus, L. delbrueckii, L. reuteri, B. bifidum, B. 
longum, Bacillus coagulans, L. rhamnosus, L. plantarum, L. acidophilus, B. infantis, 
L. brevis, L. gasseri, B. subtilis, L. lactis, L. casei, L. salivarius, B. breve, L. 
paracasei, L. plantarum, S. thermophilus, B. lactis

Capsule Nature’s Way - Primadophilus - 
Optima - Women’s

L. rhamnosus, L. casei, L. acidophilus, L. paracasei, L. salivarius, L. reuteri, B. breve, 
B. longum, B. bifidum

Capsule Nature’s Way - Fortify - Optima - 
Women’s Probiotic L. acidophilus, L. gasseri, B. lactis, B. bifidum, B. infantis

Capsule Nature’s Way - Fortify - Women’s 
Probiotic + Prebiotic

L. paracasei, L. acidophilus, L. rhamnosus, L. plantarum, L. casei, L. salivarius, B. 
lactis

Capsule Innate Vitality - Women’s Probiotics
L. acidophilus, L. rhamnosus, L. reuteri, L. plantarum, L. crispatus, L. fermentum, L. 
gasseri, L. paracasei, L. helveticus, L. casei, Pediococcus acidilactici, B. bifidum, B. 
infantis, B. lactis, B. breve, B. adolescentis, B. longum

Capsule Health Labs Nutra - Women’s 
Probiotic L. plantarum, L. fermentum, L. acidophilus, L. reuteri, L. rhamnosus, B. bifidum

Capsule Bluebonnet - Advanced Choice - 
Ladies’ Single Daily Probiotic L. plantarum, L. casei, L. rhamnosus, L. helveticus

Capsule Florajen Acidophilus L. acidophilus

Capsule Florajen 3 L. acidophilus, B. lactis, B. longum

Capsule New Chapter - Women’s Daily 
Probiotic L. acidophilus, L. rhamnosus

Capsule Carlson Women’s Probiotic L. acidophilus, L. plantarum, L. gasseri, L. rhamnosus, B. lactis

Capsule Feminine Balance - Balance Complex L. acidophilus

Capsule Culturelle - Women’s Healthy 
Balance L. rhamnosus, L. crispatus, L. gasseri, L. jensenii

Capsule Spring Valley - Women’s Probiotic B. bifidum, B. longum, L. acidophilus, L. casei, L. paracasei, L. rhamnosus, L. 
reuteri, S. thermophilus

Capsule Spring Valley - Women’s Total Care 
Probiotic B. lactis, L. acidophilus, L. casei, L. gasseri, L. plantarum, L. rhamnosus

Capsule Swanson - FemFlora L. reuteri, L. rhamnosus, L. acidophilus, L. casei, L. fermentum, L. lactis, L. 
plantarum

Capsule Nature’s Truth - Women’s Probiotic + 
Cranberry

L. acidophilus, L. plantarum, L. paracasei, L. rhamnosus, B. bifidum, L. casei, L. 
salivarius, B. lactis

Capsule Maxi Healthy - Maxi 7M Supreme L. acidophilus, B. bifidum
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Capsule 1MD - BiomeMD for Women B. lactis, L. acidophilus, L. rhamnosus, L. reuteri, B. longum, B. bifidum, L. casei, L. 
plantarum, L. gasseri, L. salivarius, L. bulgaricus, Bacillus coagulans

Capsule Flora Pro - Feminine Probiotic for 
Vaginal Health

L. rhamnosus, L. casei, L. acidophilus, B. bifidum, B. longum, L. brevis, L. 
salivarius, L. bulgaricus, L. plantarum

Capsule Flora Cap L. rhamnosus, L. casei, L. reuteri, L. acidophilus, B. bifidum, B. longum, L. brevis, L. 
salivarius, L. bulgaricus, L. plantarum

Capsule Vital Planet - Vital Flora Pro
L. acidophilus, L. plantarum, L. paracasei, L. rhamnosus, L. brevis, L. bulgaricus, L. 
casei, L. reuteri, L. salivarius, L. fermentum, L. gasseri, L. helveticus, L. delbrueckii, 
B. lactis, B. infantis, B. bifidum, B. longum, B. breve

Capsule Her Secret - Vaginal Support 
Probiotic Blend

Bacillus subtilis, Bacillus coagulans, L. acidophilus, B. lactis, B. longum, L. 
rhamnosus, L. salivarius, L. casei, B. breve, L. plantarum

Capsule The Vitamin Shoppe L. acidophilus, L. rhamnosus, L. casei, L. plantarum, B. bifidum, L. bulgaricus, B. 
longum, L. salivarius, S. thermophilus, B. breve

Capsule Andrew Lessman - Procaps - 
Ultimate Friendly Flora L. acidophilus, L. plantarum, L. paracasei, L. lactis

Capsule NextLevel Probiotics L. acidophilus, L. fermentum, B. longum, B. bifidum, L. rhamnosus, L. paracasei, L. 
plantarum, Saccharomyces boulardi, Bacillus coagulans

Capsule Probiology by Belle+Bella - Flora 
Fem L. paracasei, L. rhamnosus, L. helveticus, B. bifidum

Capsule NutriCelebrity - NutriFlora-Pro L. acidophilus, L. plantarum, L. gasseri, L. rhamnosus, B. lactis, L. crispatus

Capsule Viva Naturals - Probiotics for Women L. paracasei, L. casei, L. rhamnosus, L. helveticus, B. bifidum, B. breve, B. lactis, B. 
animalis lactis, L. acidophilus, L. brevis, L. plantarum, L. lactis, L. reuteri

Capsule Now Foods - Women’s Probiotic B. lactis, L. rhamnosus, L. acidophilus

Capsule Advanced Naturals - Ultimate Flora 
Max - Vaginal Balance

L. acidophilus, L. rhamnosus, L. plantarum, L. gasseri, L. casei, L. paracasei, L. 
salivarius, L. brevis, B. lactis, B. longum

Capsule Vitanica - FemEcology - Vaginal 
Probiotic Support L. acidophilus, L. plantarum. L. reuteri, L. rhamnosus, L. salivarius

Tablet LoveBug Probiotics L. reuteri, L. plantarum, L. gasseri, L. fermentum, L. brevis

Tablet Naturewise - Women’s Care B. lactis, L. acidophilus, L. fermentum, L. plantarum, L. reuteri, B. bifidum, B. breve, 
S. thermophilus

Softgel Pearls Women’s Probiotic L. acidophilus, L. rhamnosus, L. plantarum

Liquid 
Drops Humarian - Probonix L. fermentum, L. gasseri, L. parcasei, L. plantarum, L. rhamnosus, L. acidophilus, B. 

bifidum, B. infantis, L. brevis, L. casei, L. salivarius, S. thermophilus
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Table 2.

Some of the commercially available vaginal probiotic dosage forms available to treat BV and/or improve 

vaginal health.

Vaginal Dosage 
Form Brand Probiotic Strains

Capsule Physioflor L. crispatus

Capsule Canesten/ Canesflor L. plantarum

Suppository PurO3

L. acidophilus, L. rhamnosus, L. reuteri, L. casei, L. parcasei, L. plantarum, 
L. bulgaricus, L. salivarius, L. delbrueckii, L. helveticus, L. brevis, L. gasseri, 
S. thermophilus, B. bifidum, B. infantis, B. breve, B. longum, B. lactis, B. 
coagulans

Suppository Peachlife - Peachbody Probiotic 
Vaginal Suppository

B. longum, B. lactis, L. salivarius, L. casei, L. acidophilus, L. brevis, L. 
fermentum, L. parcasei, L. plantarum, L. reuteri, L. rhamnosus

Suppository Good Clean Love - BiopHresh 
Vaginal Homeopathic Suppository

L. crispatus, L. acidophilus, L. gasseri, L. fermentum, L. plantarum, L. 
rhamnosus, L. salivarius

Suppository NFH Flora SAP Vaginal Flora L. rhamnosus, L. acidophilus, L. fermentum, L. casei, S. salivarius spp. 
thermophilus

Suppository BYOSkin Bar - Probiotic Vaginal 
Suppository L. reuteri, L. rhamnosus, L. acidophilus

Suppository FloraFemme - Homeopathic Vaginal 
Probiotic Suppository

B. lactis, B. longum, L. acidophilus, L. brevis, L. bulgaricus, L. casei, L. 
paracasei, L. plantarum, L. reuteri, L. rhamnosus, L. salivarius

Suppository Biom Probiotics - Vaginal Health 
Suppositories L. crispatus, L. gasseri, L. acidophilus, Bacillus coagulans

Suppository Biom Probiotics - Vaginal Health 
Suppositories Bacillus coagulans, L. acidophilus
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