
 

 

 

SAVE THE VAGINA FOREST! 

 

ADDRESSING CHALLENGES IN THE SUSTAINABLE TREATMENT OF ACUTE AND CHRONIC 

 URINARY TRACT INFECTION, BACTERIAL VAGINOSIS, AND VULVOVAGINAL CANDIDIASIS 

 

 

 

BY 

LEANDRA ARGYROS 

 

 

 

 

A thesis 

 

Submitted to the Division of Natural Sciences 

New College of Florida 

in partial fulfillment of the requirements for the degree  

Bachelor of Arts       

Under the sponsorship of Dr. Christopher Hart 

 

Sarasota, Florida 

April 2011 



ii 

 

PREFACE 

Urogenital infections are unpleasant at best. At worst, they are extremely 

painful—even life-threatening. Most women will, in their lives, experience an episode of 

urinary tract infection, Candida yeast infection, or bacterial vaginosis. Of these women, 

a significant portion will be predisposed to recurring or chronic infections of this sort. 

Lastly, it is not uncommon for a woman to experience these in succession (or even all at 

once). 

In the United States, these infections are treated with prescription antibiotic or 

antifungal medications. While these are usually effective, they are not a sustainable 

option for women who are prone to chronic urogenital infections. I use the word 

“sustainable” in the microbiological sense: inasmuch as the human microbiota is a 

collection of commensal and immunoregulatory organisms, it is not sustainable to take 

antibiotics repeatedly for disorders that exist as a breach of these microbial defenses. 

Neither is this sustainable for doctors who wish to preserve the efficacy of these drugs. 

This also accounts for why antibiotics and antifungals are not readily available or 

recommended for preventative use. As the number of women who are forced to deal 

with these disorders on a regular basis increases, this lack of appropriate treatment 

options becomes less and less acceptable.  

In addition to writing a thesis on this topic, I chose to create a supplementary 

work that would serve to educate women about an effective alternative treatment and 

preventative for urinary tract infections (UTI) caused by E. coli. The treatment is a sugar 
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called d-mannose; it is an epimer (a stereoisomer whose spatial configuration differs at 

only one stereogenic center) of glucose and it is available as a supplement. My goal was 

to illustrate the radically different mechanisms by which d-mannose and traditional 

antibiotics work to eradicate E. coli from the urinary tract. To do this, I composed a 

narrative musical piece and choreographed an interpretive dance depicting a UTI caused 

by E. coli, followed by the two treatments. A recording of the performance and 

discussion is included in the appendix of this thesis. 

At the time of writing, the dance is scheduled to be performed three times—

once in the Black Box Theater at the New College of Florida, following a discussion and 

presentation, and twice at the New College Spring 2011 Dance Tutorial. I do not expect 

that the dance will be fully understood without some explanation, so I am writing and 

illustrating a small program to be distributed at the performances (also included in the 

appendix). I hope that this will elucidate what I have attempted to portray while also 

serving as a reinforcement for comprehending what may be unfamiliar terminology. 

Education is the primary objective of this performance, and it is for this reason that I 

have chosen to use multiple means of conveying information to illustrate my point.   

I will be filming the dance and posting it on YouTube.com to reach as many 

women as possible. The aforementioned supplementary materials will also be available 

on my website, with links to them on the YouTube video page. One particular benefit of 

using YouTube (aside from the sheer potential for distribution that it lends) is the ability 



iv 

 

to annotate videos at certain points. I believe that doing this will further aid in creating a 

readily understandable representation of a UTI.  

It takes a lot to explain why a sugar is better at controlling urinary tract 

infections than an antibiotic. Words do not always get the point across, especially when 

speaking to a person with little or no scientific background. As a science student, I have 

spent a good amount of my time at New College visualizing cellular and molecular 

processes after reading about them in textbooks. For me, being able to imagine these 

events taking place was instrumental in facilitating a deep understanding of many of 

these processes.  

 The level of detail at which everything was portrayed was an important decision. 

Clarity was my ultimate goal, and including too much would have been overwhelming. I 

wanted to highlight the mechanisms by which E. coli adheres to and infects an epithelial 

cell of the urinary tract; the impact of antibiotics on resistant microbes and yeast 

overgrowth; and the affinity for mannose residues by E. coli. I would have liked to 

include the microbiota of the vagina in the dance, but I think that would have been a 

little confusing. I instead chose to represent it in the song with ambient bird sounds; I 

plan to include a short discussion of the vaginal microbiota’s role in preventing UTI in 

my presentation. 

I chose to highlight d-mannose because it works for most cases of UTI. It is 

extremely well tolerated, relatively cheap, and can be used as a preventative measure 

against UTI caused by uropathogenic E. coli. For women who get even occasional UTI, it 
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is a simple yet effective way to avoid unnecessary reliance on antibiotics. Recurrent UTI 

is a serious problem that seems to be the result of resistant microbes and an overly 

inflammatory immune response in the bladder. As I will discuss more extensively later 

on in the thesis, d-mannose is capable of ameliorating both of these problems.  
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DISCLAIMER  

In this thesis, I discuss the challenges surrounding three common female 

infections; I then go on to discuss alternative methods of treatment. However, I am not 

a medical professional. The information contained within this thesis is intended for 

educational purposes; it is intended only to facilitate discussion among the public about 

the challenges faced in treating these disorders. As the reader of this thesis, you assume 

full responsibility for how you choose to use this information. Nothing in this thesis 

should be interpreted as an attempt to offer a medical opinion.  I cannot take 

responsibility for consequences resulting from any use of the information presented in 

this thesis.  
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ABSTRACT 

 Urinary tract infections, bacterial vaginosis, and vulvovaginal candidiasis are 

interrelated disorders involving microbial imbalances that can occur within the female 

urogenital tract. These disorders have broad implications for the personal lives of many 

women. Recurrent forms of these disorders can be particularly difficult to resolve. This 

thesis centers on a review of the scientific literature and the basis for the clinical 

presentation of these disorders, along with their diagnosis and treatment. Included is a 

section on alternative therapies that may prove less abrasive to microbial and immune 

defenses. Finally, a narrative musical piece and interpretive dance were created to 

facilitate public discussion and awareness of the mechanisms by which recurrent E. coli 

related urinary tract infections arise and can be treated sustainably. 
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THE VAGINA FOREST: A BRIEF INTRODUCTION. 

 The human vagina is home to an ecosystem of commensal bacteria and yeasts. 

These native microorganisms are collectively known as the vaginal microbiota. Like any 

community of organisms living in an ecosystem, the flora and fauna of the vagina 

interact with and respond to their environment. Factors like age, sexual intercourse, 

menstruation, stress, diet, and genetics all play a role in determining the species that 

inhabit the vagina.  

 Normally, the vagina is populated by one or more species of Lactobacillus 

bacteria. These serve to protect the vagina against overpopulation by pathogenic strains 

of bacteria or yeast. The methods by which Lactobacilli prevent the overgrowth of a 

pathogen within the microbiota are not entirely known (Ravel et al., 2010).  Production 

of pH-regulating and antimicrobial compounds by these bacteria, as well as competitive 

exclusion on cell surfaces, may prevent pathogenic organisms from colonizing the vagina 

(Witkin et al, 2007). 

  Studies suggest that the microbiota is initially acquired at birth, during the 

passage of the newborn through the vaginal canal; babies delivered via Caesarian 

section exhibit different microbiota than those delivered vaginally, with differences 

gradually subsiding as the child becomes exposed to more environmental microbes. The 

microbiota across organ systems are initially comprised of the same or similar species; 

each will differentiate toward specific types of species as the infant is exposed to diverse 

populations of microorganisms.  (Dominguez-Bello et al., 2010)  
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Colonization of the vaginal microbiota in later years (and on a regular basis) is 

likely influenced by microorganisms in the rectum, which are presumably derived from 

the microbiota of the gastrointestinal tract (Antonio et al., 2005). It is generally accepted 

that most instances of urinary tract infection are caused by displaced E. coli from the gut 

or rectum. It is important to note here that unlike the vagina and rectum, the healthy 

urinary tract is sterile; it does not have a microbiota (Ali, et al., 2009). 

I will examine three common disorders which compromise the urogenital health 

of women and the balance of their microbiota.  Urinary tract infections (UTI) caused by 

uropathogenic E. coli (UPEC), bacterial vaginosis (BV), and Candida spp. yeast infections 

all affect millions of women each year.   Some of these women will experience chronic 

or recurring forms of these disorders, and a few will die from them. Although each of 

these three disorders are caused by unique pathogens, it is not uncommon for a woman 

to experience one or more of them simultaneously. This can complicate treatment 

options, creating the beginning of a vicious cycle (Van Kessel et al., 2003). 

For each individual disorder—UTI, BV, and Candida infection—I will discuss the 

associated etiology, immunopathology, and genetic factors that put a woman at risk for 

infection. Examining the current clinical diagnostic and therapeutic approaches to each 

disorder, I will then analyze these methods and offer alternative ways of treatment and 

prevention. The need to educate women regarding their urogenital health will also be 

discussed, along with my own efforts to contribute to this effort. 
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PART I: ETIOLOGY, IMMUNOPATHOGENESIS, AND GENETIC RISK FACTORS 

 

URINARY TRACT INFECTIONS 

 Over 80% of urinary tract infections (UTI) are caused by strains of uropathogenic 

E. coli, or UPEC (Sivick, Schaller, Smith, & Mobley, 2010). In 2000, UTIs accounted for 

more than 6.8 million physician office visits and 1.3 million emergency room visits, 

resulting in an estimated cost of 2.4 billion dollars annually. Forty to 50% of women will 

experience one or more UTI in their lifetime (Sivick, Schaller, Smith, & Mobley, 2010). 

Studies suggest that 27-44% of these women will experience recurring UTI (Hawn, 

Scholes, Shuying S Li, et al., 2009). Additionally, UTI affects 10% of pediatric patients; 

recurrence rates for the pediatric population are estimated at 30-40% for these cases 

(Zaffanello et al., 2010).    

 UTI is marked by painful or burning urination with a frequent and strong urge to 

urinate. There may also be pus and blood in the urine, and pain in the lower abdomen. 

Gastrointestinal upset and fever are indicative of a more severe infection. UTIs can be 

extremely acute, and can sometimes become chronic if all of the bacteria is not cleared 

by treatment or the immune response. An interesting phenomenon,  asymptomatic 

bacteriuria, occurs when uropathogenic E. coli are present in the urinary tract but do 

not cause symptoms (Hawn et al., 2009). Severity and duration of symptoms depend on 
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the virulence of the strain of UPEC; the host’s immune response; and the length of time 

between the onset of infection and treatment (Scherberich & Hartinger, 2008). 

UTI pathogenesis depends on the strain of uropathogenic bacteria and the host’s 

immune system—there is no single path to host colonization. Adhesion, toxification, and 

intercellular as well as intracellular colonization are all important steps in the 

progression of a urinary tract infection. It is important to note here that in cases of 

recurring UTI (as well as recurring bacterial vaginosis and yeast infections), pathogenesis 

can have just as much to do with the immune system as it does with the pathogen in 

question. In discussing the etiology of these disorders, then, immunopathogenesis is as 

worthy of discussion as the virulence factors of the pathogen. It is not always possible to 

separate descriptions of pathogenesis and the subsequent immune response; both can 

contribute equally to the manifesting symptoms of the disease. In the case of UTI 

caused by UPEC, it makes more sense to discuss the role of E. coli  in pathogenesis 

before moving on to the associated immunopathogenesis.   

  Adhesion is the first step in colonization of the urinary tract by UPEC. 90% of all E. 

coli isolates express type 1 pili or fimbriae (Sivick et al. 2010; (Dhakal, Kulesus, & 

Mulvey, 2008). These tiny hair-like projections cover their bodies, and are the “major 

facilitators” of adhesion during infection (Justice, Hunstad, Seed, & Hultgren, 2006). 

Adhesion hinges, quite literally, on the FimH protein, which is located at the very tip of 

type 1 pili. FimH is conserved in over 98%  of E. coli isolates (Bouckaert et al., 2006). 

During the initial stages of an infection, FimH allows UPEC to bind to the outermost 
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epithelial cells of the bladder (called umbrella cells) at mannosylated proteins called 

uroplakins (Aprikian et al., 2007). 

  

 

FIgure 1. Crystal Structure of the FimH Adhesin. Mulvey et al., 2000 

Two domains make up the FimH protein: a pilin domain is attached to the fimbria of 

the bacterium, while a lectin domain, which contains a mannose-binding site, binds to 

the host’s umbrella cells (Aprikian et al., 2007). The mannose binding site is located at 

the opposite end of the lectin domain which is bound to the pilin domain. Although the 

pilin domain does not bind to the bladder cell, it may modulate the lectin domain’s 

affinity for mannose, and thus binding capabilities of the protein as a whole 

(Scherberich & Hartinger, 2008).  This is important in the bladder, where forces 

generated by moving liquid have the potential to detach UPEC from where it binds itself. 
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It is likely that modulation of the lectin domain’s mannose affinity occurs by the pilin 

domain in response to the amount of shear stress encountered by bacterium. The lectin 

domain’s affinity for mannose correlates positively with the amount of shear stress 

endured, enabling FimH to hang on to the bladder’s umbrella cells a bit tighter when 

high volumes of liquid pass through (Dhakal, Kulesus, & Mulvey, 2008).  

Adhesion only marks the earliest stage of pathogenesis in UPEC infections.  FimH 

continues to play an active role even after the  E. coli bacterium is sufficiently bound to 

the mannosylated receptors of the umbrella cells. Binding of FimH to host receptors, of 

course, initiates a variety of host responses via various signaling cascades. Some 

significant innate immune responses are effected this way, and these will be discussed 

later.  

Other signaling molecules call for the exfoliation of the host’s outermost umbrella 

cells, which are then passed with urine. This defense mechanism, though useful in the 

beginning stages of infection, leaves underlying layers of bladder epithelium exposed to 

further infection. It is also important to note that a variety of other factors, such as the 

presence of lipopolysaccharide or bacterial toxins, may induce bladder exfoliation and 

other signaling events as well (Dhakal, Kulesus, & Mulvey, 2008). The biggest factor in 

continued virulence, however, seems to be the fact that E. coli can act as an intra- and 

intercellular pathogen (Justice, Hunstad, Seed, & Hultgren, 2006). Once bound to the 

mannosylated uroplakin receptor on the epithelial bladder cell, UPEC can use its FimH 

adhesin to promote signaling cascades which permit it to enter the host cell.  
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The mechanisms by which this occurs are complex and again, not necessarily entirely 

reliant on the FimH adhesin alone (Dhakal, Kulesus, & Mulvey, 2008). It is also important 

to note that other mechanisms can effect the assimilation of UPEC into the cell; 

however, this “type 1 pili-mediated invasion” is the most common mechanism. One of 

the host receptors to which FimH can bind is an integrin—one initial integrin-FimH 

complex signals for other integrins to appear on the membrane, which bind to fimH on 

the tips of other type 1 pili. Downstream signaling cascades involving focal adhesin 

kinase (FAK) and phosphotidylinositides (PIP) directly affect actin dynamics within the 

cell, leading to the rearrangement of actin and membrane to incorporate UPEC within a 

vacuole. This is not quite phagocytosis, as UPEC is not destroyed once in the cell 

(Bouckaert et al. 2006; Dhakal, Kulesus, and Mulvey 2008). 
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Figure 2. Quiescent Intracellular Reservoirs. Mysorekar & Hultgren, 2006 

Next, UPEC is either effluxed (rejected) from the cell, or resides quietly in the 

intracellular vacuoles as quiescent intracellular reservoirs (QIR) (Justice, Hunstad, Seed, 

& Hultgren, 2006).  These QIRs are usually covered in actin fibers; when disturbed, the 

dormant UPEC colonies begin to replicate. Intracellular replication is slow due to limited 

resources within the cell; consequently, UPEC may begin to efflux on its own to the 

intercellular matrix, where replication is easier. Upon efflux, filamentation occurs, 

allowing UPEC to slither in an elongated form into intercellular junctions and avoid 
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neutrophils. Here, intercellular bacterial colonies (IBC) of UPEC form, complexed with 

the host’s own intercellular matrix and other structural molecules. IBCs are not dormant 

like QIRs—the bacteria are more virulent in this environment, where abundant 

resources are available and replication occurs at a faster rate. IBCs are also more 

susceptible to attack by neutrophils, likely because of their location and their increased 

virulence (Dhakal, Kulesus, & Mulvey, 2008).  Strains of E. coli expressing certain self-

associating antigens can even reside as aggregates within neutrophils themselves (Fexby 

et al., 2007) (Aprikian et al., 2007). 

Many antibiotics do not affect QIRs or IBCs because they cannot penetrate 

eukaryotic cells or intercellular space (Waksman & Hultgren, 2009). This is a major 

obstacle in the treatment of recurring or chronic UTIs, and may be exacerbated by the 

host’s own defenses or cellular anatomy.  With tricks like intracellular reservoirs, 

filamentation, and intercellular colonization, it is easy to see how UPEC could evade 

antimicrobial therapies in ways above and beyond genetic antibiotic resistance. 

Despite the virulence mechanisms that millenia of evolution have imparted unto 

UPEC, the host’s immune response to UTI may actually determine the severity of the 

infection. This seems obvious, but it is actually quite counterintuitive. Toll-like receptors 

(TLR) are expressed on the surface of epithelial cells in the bladder and are an important 

mediator in the fight against UPEC. Toll-like receptors effect a variety of innate immune 

responses and are responsible for recognizing pathogen associated proteins.  When 

lipopolysaccharide from the cell wall of the bacteria binds to TLR, an innate immune 
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response is initiated (Aprikian et al. 2007; Song and Abraham 2008). Recent studies 

suggest that an overabundance of TLR-4 receptors in the urinary tract and bladder is 

associated with an increase in the severity and duration of infection. This correlates with 

the observation that decreased or absent expression of TLR-4 in the urinary tract is 

associated with recurrent asymptomatic bacteriuria. An acute and severe initial 

response, therefore, is indicative of the potential for development into a chronic 

infection (Scherberich & Hartinger, 2008) (Hannan, Mysorekar, C. S. Hung, Isaacson-

Schmid, & Hultgren, 2010). If treatment is delayed, the initial acute response could 

become amplified, altering downstream signaling to become more pro-inflammatory 

than necessary.  This would also attract more neutrophils to the urinary tract and 

bladder than usual, exacerbating symptoms of pyuria (pus in the urine) and possibly 

giving the bacteria more cells in which to form quiescent reserves.  

 The invading strains of E. coli usually come from the host’s gastrointestinal tract, 

where they are a native, commensal (non-pathogenic), tolerated organism. Given the 

proportion of the immune system that resides in the digestive tract, this may provide an 

explanation as to why the innate immune response seems to play a greater role than 

the adaptive (antibody-producing) response in UTI. Vaccines utilizing the FimH adhesin 

as an antigen have shown some promise in treating recurring infections, but the 

mechanisms by which they operate are still unclear (Dhakal, Kulesus, & Mulvey, 2008; 

Song & Abraham, 2008). 
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Even in the normally sterile urinary tract, E. coli can act as a commensal 

organism or a deadly pathogen, depending on the intensity of the initial immune 

response and the strain of UPEC. A recent study found that women suffering from 

recurrent UTI showed abnormalities in the microbiota of their vaginal fluids, suggesting 

that an altered immune response in the entire urogenital system may contribute to 

susceptibility (Dhakal, Kulesus, & Mulvey, 2008; Kirjavainen et al., 2009). There are 

several polymorphisms in the TLR family and in other immunomodulatory receptors of 

the bladder epithelia which can predispose women and children to recurrent UTIs.  

(Hawn, Scholes, Shuying S Li, et al., 2009) Coupled with the numerous mechanisms 

employed by UPEC to evade detection by either the immune system or antibiotic 

therapies, this makes for an infection which can be as difficult to eradicate as it is 

common. 

 

BACTERIAL VAGINOSIS 

 Bacterial vaginosis (BV) is a non-inflammatory bacterial infection of the vagina 

marked by a malodorous, fishy-smelling discharge and heightened pH of vaginal fluids. It 

is marked by a mixed profile of anaerobic bacteria and Lactobacilli in the vaginal 

microbiota, whereas a healthy vagina is colonized by one or a few species of Lactobacilli. 

The anaerobic bacteria causing symptoms can vary; the most common anaerobes that 

cause BV are Atopobium vaginalis and Gardnerella vaginalis (Larsson & U Forsum, 

2005). 
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  To discuss the pathogenesis of bacterial vaginosis is to discuss the human 

vaginal microbiota and its temporal fluctuations. In considering an ecosystem, it is 

nearly impossible to observe and define every factor which affects populations of 

organisms. Likewise, no researcher or clinician will admit to having a complete sense of 

the etiology which leads to the rise of anaerobic bacteria in the vagina. Bacterial 

vaginosis occurs when these anaerobic bacteria overpopulate the vagina for an 

extended period of time, causing symptoms such as malodorous discharge and 

irritation. Many cases are asymptomatic, and it can be difficult to determine whether a 

particular microbial profile is—and will remain-- representative of BV. 

 As elusive as the big picture remains,  there are a few identifiable phenomena 

which are associated with the subtle onset of bacterial vaginosis. A woman’s position in 

her menstrual cycle may be one of the most influential factors that put her at risk for 

developing a profile of mixed anaerobic flora (Srinivasan et al., 2010). Fluctuations in the 

pH and dominant species of flora in the microbiota are quite connected to the 

menstrual cycle (Dhakal, Kulesus, & Mulvey, 2008; Justice, Hunstad, Seed, & Hultgren, 

2006; J R Schwebke & Weiss, 2001).  

Normally, the vaginal microbiota is dominated by one or more species of 

Lactobacillus or lactic acid- producing bacteria. The most common are L. crispatus and L. 

jensenii  (Reid, Burton, & Devillard, 2004). Other less commonly observed species 

include  L. iners, L. brevi, and L. gasseri (Srinivasan et al., 2010). The dominant species of 

Lactobacillus differs in populations of women; this in turn can affect pH levels in these 
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groups. Average pH levels, in accordance with dominant species, vary between ethnic 

groups; Hispanic and Black women tend to have higher vaginal pH levels, and are 

traditionally perceived as having a higher risk for developing BV.  (Ravel et al., 2010)  

Levels of G. vaginalis rise significantly during menses in up to 81% of women, many of 

whom test negative for BV (Reid, Burton, and Devillard 2004; Srinivasan et al. 2010). 

This opportunistic growth may be due to the availability of iron in the environment of 

the vaginal tract at that time, as the anaerobes feed on it.  

It is interesting to note that of the few dominant species of Lactobacilli,  L. iners 

can grow on blood agar medium as well. Due to this, it was only just discovered in 1999 

(Lamont, J D Sobel, Ra Akins, & Romero, 2011). It exists in subjects with and without BV, 

and in many women who experience BV, it is the dominant strain of Lactobacillus. This 

may be because it is better suited to the conditions that facilitate growth of anaerobes, 

or because it is less of a threat to BV-associated microbes; the causal relationship 

between the two is unclear.  (Lamont, J D Sobel, Ra Akins, & Romero, 2011) 

  Generally, it is easier to discuss the ways in which the vaginal microbiota is 

protected from extended dominance by G. vaginalis after menses than to postulate the 

factors which allow it (and other anaerobic bacteria) to rise to pathogenic levels in the 

first place. Lactobacillus species may protect the vagina by competitive exclusion on cell 

surfaces; lowering of pH by production of lactic acid compounds; coagulation; and by 

production of other inhibitory molecules to prevent the proliferation of undesired 

organisms (Ravel et al. 2010; Ruiz et al. 2009). 
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A recent study noted that there is a positive correlation between a Lactobacillus 

species’ hydrogen peroxide-producing abilities and the likelihood that the vagina will 

remain colonized with the species (Vallor et al., 2001). It is interesting to note that L. 

crispatus and L. jensenii are both strong producers of hydrogen peroxide; L. gasseri and 

L. iners are not so much, and are consequently associated with a weaker colonization 

than the former two (Verstraelen et al., 2009). Additionally, diversity of Lactobacillus 

species is associated with a low strength of colonization; the fewer dominant strains of 

Lactobacillus there are in a vaginal ecosystem, the more likely it is that the vagina will 

remain colonized with the strain(s), even through the menses (Srinivasan et al., 2010). 

 The compounds produced by numerous types of cells in the vagina—that is, by 

various types of host cells and commensal microbes—determine the pH level of the 

vagina at any given time. Heightened vaginal pH may play a role in reproductive abilities 

of pathogenic yeasts and anaerobic bacteria. Ordinarily, the pH of vaginal fluids is 4-5; it 

is lowest around ovulation. During menses, the vagina becomes more alkaline (Farage, 

2010). It is safe to say that the time of menses, the rise in pH level, and the proliferation 

of anaerobic bacteria species during that time are all associated with one another. It is 

difficult, however, to pinpoint a causal relationship between the three. 

 The vaginal microbiota is shaped by a number of influences. The vagina’s 

function as a reproductive organ—that is, its hormonal, chemical, and environmental 

cycles—can be thought of as an environment that selects for the microorganisms which 

occupy it. Genetics clearly plays a role in determination of the microbiota as well; 
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communities and populations are associated with dominant strains of Lactobacilli and 

certain microbial profiles. Learning to manipulate these profiles successfully and 

sustainably is the goal of treating BV.  

 The role of the immune system in determining the microbiota should not be 

overlooked, as its actions determine which microorganisms are tolerated and which are 

eradicated. Similar to the case of UPEC-related UTIs, the anaerobic bacteria which cause 

BV are thought to migrate from the microbiota of the gastrointestinal tract to the 

vagina.  Because bacterial vaginosis is a not an inflammatory disorder, hypotheses 

regarding its immunopathogenesis have centered on the possibility of a locally 

suppressed innate immune response.  As mentioned before, Toll-like receptors play a 

big role in the innate response of the urogenital epithelium. Decreased expression of 

some TLRs and mannose-binding lectin receptors (MBL) in the vaginal epithelium has 

been suggested as a possible manifestation of this localized immunosupression. This 

may be due to genetic polymorphisms or the ability of bacteria to modulate their own 

cell walls and to create immunosuppressive compounds which can inactivate innate 

immune receptors on vaginal epithelial cells (Turovskiy, Sutyak Noll, & Chikindas, 2011). 

Recent studies have identified vitamin D deficiency during pregnancy as a risk factor for 

developing BV (Hensel, Randis, Gelber, & Ratner, 2010).  This has many implications, 

considering the immunomodulatory capacities of vitamin D, though it is still unclear 

whether this association may also extend to non-pregnant women.  
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 Bacterial vaginosis is truly an enigma of a disease. Both its etiology and 

immunopathology remain unclear, but likely have to do with the relationship between 

the integrity of the microbiota and the relative strength of the vaginal innate immune 

response. Its manifesting symptoms vary widely: up to half of the women affected by it 

remain asymptomatic, while others may develop serious complications (such as pelvic 

inflammatory disease) from it (Van Kessel, Assefi, J. Marrazzo, & Eckert, 2003). Pregnant 

women are especially at risk to develop BV, which can cause pre-term labor and other 

immune-mediated problems during that particularly sensitive time for the reproductive 

tract (Witkin, Iara Moreno Linhares, & Giraldo, 2007). It is also interesting to note that 

BV is associated with a higher risk of contracting sexually transmitted diseases; this 

could support the hypothesis of an induced localized immunosupression, or it could 

reflect that having multiple sex partners may be a behavioral risk factor for developing 

BV. Recurrent BV is also a problem for many women, and repeated use of antibiotics to 

treat the imbalance can lead to further complications in the microbiota in the gut and 

vagina. 

VULVOVAGINAL CANDIDIASIS (YEAST INFECTIONS) 

 Vaginal yeast infections, also known as vulvovaginal candidiasis (VVC), are 

caused by yeasts of the genus Candida. The most common pathogenic yeast is Candida 

albicans. Candida glabarata is a less common, less pathogenic yeast which is more 

resistant to standard therapies. Due to the availability of over-the-counter remedies, 

and because of the semi-native status of Candida in the human microbiota, statistics 



17 

 

regarding the number of women affected by the disorder may not be accurate. It is 

estimated, however, that yeast infections will affect up to 75% of women in their 

lifetimes and 5-8% of women chronically—though up to 20% of women may carry 

Candida and remain asymptomatic (Cassone, De Bernardis, & Santoni, 2007; Zhou et al., 

2009).  Like the previously discussed disorders, they can range from acute to chronic 

and mild to severe. Some common symptoms of a yeast infection include inflammation 

and redness of the vagina, vulva, and rectal areas; extreme itching and/or burning; 

odorless or persistent discharge; biofilms or colonies of yeast in the vagina and vulva; 

and burning upon urination. These symptoms are not necessarily a reflection of how 

severe the infection is; instead, they may represent a portrait of the host cells’ 

relationship with the native Candida yeast.  

Because yeast infections are caused by a semi-commensal (native, benign) 

organism, pinpointing their etiology is complicated. Traditional models of host-pathogen 

interactions do not quite apply here: in fact, it is hard to say whether the host’s immune 

system or the Candida organism causes more damage. Earlier hypotheses as to what 

allows yeast to grow unchecked and cause symptoms in some women focused on the 

deficiencies of the adaptive immune system. As yeast infections have become more 

common in the past century, however, it has become more apparent that they are not 

the result of a weakened adaptive immune system. Rather, it seems that intolerant or 

aggressive innate immune responses may be to blame (Fidel, 2007). 
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   To discuss the cause of a vaginal yeast infection, then, it is necessary to 

consider the host’s immune response to Candida organisms.  The immunopathology of 

vulvovaginal candidiasis (VVC) continues to elude definition; Candida provokes a 

spectrum of reactions, from resistance to tolerance, in the vagina. What determines 

immunity against recurrent VVC, and how do the immune systems of women with VVC 

fail to effectively deal with the Candida organism? These questions of susceptibility, 

immune memory, and host-microbe interactions lie at the heart of determining the 

immunopathology of vaginal Candida infections.   

Because Candida albicans acts as both a commensal and pathogenic native 

organism, it is already difficult to determine what constitutes hyporeactive, tolerant, or 

hyperreactive immune responses. The immune system’s response to Candida is not the 

same as it is to many pathogens, which are identified, defeated, and remembered by 

the immune system. The immunosensitivity of the female reproductive tract (which, as 

mentioned earlier, is largely influenced by hormones, time, and circumstance) makes it 

even more difficult to tease out the various factors that allow pathogenic Candida to 

cause symptoms and elude immune responses in the vagina. 

The immune response in the vagina is different than the immune response in 

other mucosal sites; an oral or systemic Candida infection, therefore, is handled 

differently by the immune system than a vaginal one (Fidel, 2007). Secondly, idiopathic 

recurring VVC (also known as primary rVVC, to distinguish from rVVC resulting from 

obvious predisposing factors) can and does occur in immunocompetent women. This 
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implies that if there is any lack of immune response or immunosupression which allows 

the yeast to grow unchecked, it is highly localized or very subtle (Cassone, De Bernardis, 

& Santoni, 2007).  Some genetic polymorphisms have been discovered which support 

this hypothesis of a localized deficiency in the vagina’s innate immune system (e.g., 

Tyr238X in the gene that codes fordectin-1 receptors), but these cannot account for all 

instances of VVC, recurrent or not (B. Ferwerda, G. Ferwerda, & Plantinga, 2009).  Lastly, 

vaginas of different age groups respond to the presence of Candida differently: a 

significant percentage of adolescent females maintain high vaginal fungal burdens while 

remaining asymptomatic (Cassone, De Bernardis, & Santoni, 2007). 

The current hypotheses surrounding Candida immunopathology agree that 

susceptibility to an “infection” is associated with a hyperactive or less tolerant innate 

immune response, beginning with the epithelial cells of the vagina (Fidel 2007; Cassone, 

De Bernardis, and Santoni 2007). The relationship between yeast virulence factors and 

the immune response represents a delicate balance between offensive and defensive 

action. That being said, there is no “average” immune response to Candida challenge. 

This is proven by the spectrum of susceptibility/resistance to Candida exhibited by 

different women (and by individual women within their lifetimes). However, there are a 

few major events in the recognition of Candida that may determine whether or not a 

woman will exhibit symptoms.  

Identification of PAMPs, or Pathogen Associated Molecular Patterns, by the 

epithelial cells of the vagina and dendritic cells of the immune system in the vagina is 
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the first step in immune recognition of Candida. The main PAMPs associated with 

Candida are the glycans and complex saccharides located on its cell wall; Candida 

albicans is capable of regulating the expression of these, and expression of certain 

molecules may be considered more virulent than others. Receptors including dectin-1, 

galectin-3, mannose-binding lectins (MBLs), and toll-like receptors (TLRs) are expressed 

on the outside of vaginal dendritic and epithelial cells, and begin the process of 

identifying and responding to Candida (De Luca et al., 2010; B. Ferwerda et al., 2009). 

When these receptors bind their respective molecules, the cells produce anti-Candida 

compounds, including immunomodulatory signaling cascades like interleukins and 

cytokines. These are often pro-inflammatory, activating the compliment system and 

recruiting polymorphonuclear neutrophils (PMN) and other white blood cells to the 

scene. Fidel (2007) first hypothesized that the infiltration of PMN into the epithelium of 

the vagina may manifest as vaginitis, the classic symptom of candidiasis (Fidel, 2007; 

Harriott, Lilly, Rodriguez, Fidel, & Noverr, 2010). It is interesting to note that the anti-

Candida activity of vaginal epithelial cells is downregulated by estrogen; this may 

explain the susceptibility of pregnant women and women on birth control to Candida 

infection (Harriott, Lilly, Rodriguez, Fidel, & Noverr, 2010). 

The adaptive response to Candida is orchestrated by the preceding innate 

response, and little is known about it (Fidel, 2007). Many interleukins have been isolated 

from the vaginal secretions of women experiencing VVC; again, these are usually pro-

inflammatory. There are few antibodies (also known as Abs, immunoglobins, or Ig) 

associated with Candida infection. A small percentage of women secrete Candida-
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specific IgE in response to a Candida challenge, possibly indicating an actual allergy to 

the yeast (Jouault, Sarazin, Martinez-Esparza, Fradin, & Poulin, 2009). Although type 1 T-

helper cells (Th1) have traditionally been associated with an antifungal immune 

response, recent studies have found that pro-inflammatory T-helper 17 (Th17) cells play 

a significant role in anti-Candida responses of the adaptive immune system. The 

production of Th17 cells is induced by dendritic cells’ cytokine response to Candida 

PAMPs (Gagliardi et al., 2010). One problem with studying the adaptive response to 

Candida in the human vagina is that the usual models—rats and mice—do not carry 

Candida as a commensal microbe, and are more likely to produce effective antibodies 

against the pathogen (Fidel, 2007). 

As part of the vaginal defense against pathogens, the vaginal microbiota may or 

may not play a role in determining protection against Candida. Some organisms, such as 

L. crispatus, are known to be more protective and dominant in the microbiota; others, 

like L. iners, are associated with mixed microbial profiles relating to BV and possibly 

Candida infections (Verstraelen et al., 2009). The fact that antibiotic therapy is so closely 

correlated with the onset of Candida infections implies that the microbiota does have a 

significant role in protecting against the rise of virulent Candida. As mentioned before, 

the microbiota protect the vaginal epithelium by competitive exclusion on cell surfaces; 

production of anti-microbial compounda and peptides; and regulation of vaginal pH 

levels (Ling et al., 2010). It is possible, then, that a strongly colonized vaginal microbiota 

may prevent the yeast from adhering to vaginal epithelial cells, thus preventing it from 

becoming pathogenic and/or from multiplying. It is also important to take into account 
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the fact that the female vaginal microbiota can be highly variable over time, with 

respect to both a woman’s position in her menstrual cycle and in her life. This suggests 

that a woman’s microbial protection against vaginal candidiasis is subject to temporal 

fluctuation. 

There are a number of ways in which Candida exhibits virulence, warning the 

immune system that it is about to become pathogenic. Adhesion and damage to 

epithelial cells, revealing of various cell-wall components, production of certain 

enzymes, and switching morphologies are just a few of the signs that Candida is on the 

offense (Cassone, De Bernardis, and Santoni 2007; Jouault et al. 2009). It seems that in 

adult women, a high fungal burden is also a virulence factor—though this is not 

necessarily so for adolescent females. These virulence factors may manifest in response 

to stress, sexual intercourse, changes in pH, or the immune response of an intolerant 

host.  

 Do the virulence factors of Candida induce the immune system’s response, or is 

it a too-persistent immune system that spurs Candida to become virulent?  It seems to 

depend on the woman. Fidel and colleagues (2007) developed a live model challenge of 

various women who had various levels of encounters with Candida, ranging from no 

history of vaginitis to occasional VVC. 10% of women with no history of vaginitis who 

were challenged intravaginally with Candida developed vaginitis, and a high number did 

not even become colonized by the yeast. In contrast, 50% of women with infrequent 

VVC developed symptoms of infection upon challenge, and most of the other half were 
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asymptomatically colonized. In most symptomatic cases, the yeast had reached the 

hyphal forms; though in some asymptomatic cases, hyphae were also found. In all cases, 

resistance to infection was not associated with an inflammatory response. The 

hypothesis that resulted from this study was that vaginal epithelial cells exhibit varying 

levels of tolerance to Candida, and when that tolerance is breached, PMNs infiltrate the 

vagina, causing symptoms. Further research may indicate which, if any, symptoms of 

VVC are actually due to the pathogenicity of the yeast itself. 

 There is still much to be discovered about the nuanced relationship between 

Candida and the human immune system. It seems that a balance between host 

tolerance and yeast virulence is necessary to avoid symptoms, while the microbiota 

likely plays an important role in preventing adhesion and colonization of the yeasts in 

the first place. It will be interesting to see whether there are connections between 

tolerant epithelial cells and stronger microbiota. Also of note is the connection between 

pro-inflammatory Th17 cells, autoimmune disorders, and pathways of Candida 

susceptibility.  Is it possible that psychological stress is to blame for intolerant immune 

responses? Relationships between psychoneuroimmunology, chronic inflammatory 

disorders, and the microbiota must be studied further to truly determine whether this is 

plausible. For now, however, statistical analyses reflect that stress levels do have an 

influential role in determining tolerant versus hyperreactive innate immune response 

against Candida (Meyer, Goettlicher, & Mendling, 2006).   
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ETIOLOGY CONCLUSIONS 

 The etiology and immunopathology of these three disorders are more related 

than one might think. Despite the fact that they are all caused by different pathogens, 

each disorder is caused by a microorganism that is more or less native to the microbiota 

of the gut. Somehow, in each case, the immune system fails to eradicate the microbe 

from the urogenital tract. This dysregulation of the immune response may be due to 

altered expression of important pathogen identifying receptors in the MBL and TLR 

families, which represent the initial response to infection in the urogenital tract. This 

could be the result of genetic polymorphisms which code for different levels of protein 

expression; it could also be caused by the pathogenic microbes interfering with the 

receptors’ ability to bind the microbial PAMPs.  

 As seen in the cases of UTI and VVC, failure to “nip it in the bud” during early 

stages of infection can result in overly inflammatory signaling pathways down the line, 

leading to chronic inflammation and ineffective clearance of the pathogen. This may 

hold true for BV as well; although it is non-inflammatory, in severe cases it can develop 

into pelvic inflammatory disease. Interestingly enough, decreased levels of MBL in 

women with BV may allow for the spread of the disease upward into the vaginal tract 

(Witkin, Iara M Linhares, Giraldo, et al., 2007). 

 The three disorders are similar also in that the adaptive immune system does not 

seem to play as big of a role in defense as the innate immune system. This is interesting 

in light of the observation that each disorder has the potential to recur and become 
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chronic, suggesting that a lack of immune memory may be to blame. Again, this may be 

due to the fact that the pathogenic microbes are also somewhat commensal when 

encountered in other parts of the body. Immune tolerance of the microbes associated 

with these disorders can lead to asymptomatic carrier states; this may quell the 

virulence factors of the pathogen, leading to a “truce” of sorts between the host and 

microbe. 

 Finally, a strong vaginal microbiota is the bottom line in determining whether an 

invasive microbe will be successful at colonizing the urogenital tract. Factors like stress, 

antibiotic use, genetics, position in the menstrual cycle, and diet all affect the integrity 

of the vaginal microbiota.  There is no doubt that in addition to other predisposing 

factors, temporal fluctuations in the microbial and pH-related defenses of the vagina 

can also contribute to susceptibility and recurrence of the disorders being discussed. 

Proper timing of treatments with regard to vaginal pH levels and position in the 

menstrual cycle may increase their efficacy and reduce the risk of treatment failure.  

 The female reproductive tract is an immunologically sensitive area: it has to 

allow for some non-self entities to persist within it. For example, it is imperative that the 

vaginal epithelium not mount an immune response to things like semen. It is also home 

to colonies of Lactobacillus which thrive according to the conditions of the vaginal 

environment and are tolerated by the immune system. Consequently, there is a lot that 

can go wrong if something is even slightly off balance—be it pH levels, Lactobacillus 

populations, or expression of immunomodulatory receptors on the epithelium. These 
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three disorders—urinary tract infections, bacterial vaginosis, and Candida yeast 

infections—are all the result of misplaced microbes and inadequate defenses within the 

urogenital tract. Balance of the immune system and of the microbiota should be the 

ultimate goal in the treatment of each. 
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PART II: CLINICAL DIAGNOSTIC STRATEGIES 

To fully assess the challenges surrounding these disorders, it is necessary to 

examine the diagnostic and treatment protocols that are currently being used in clinical 

settings.  Urinary tract infections, yeast infections, and bacterial vaginosis all represent 

imbalances or misplacements in native microflora and fauna; however, they are all 

unique disorders, and appropriate methods must be used to diagnose and treat each of 

them.  

 

DIAGNOSTIC STRATEGIES: URINARY TRACT INFECTIONS  

Diagnosing uncomplicated urinary tract infections involves one or more types of 

urinalysis. Upon infection, a patient will present with symptoms of frequent or painful 

urination. The first step is determining whether these symptoms are actually being 

caused by uropathogenic bacteria. This requires a specimen of urine to be examined. To 

prevent a false positive reading from occurring, it is important that the patient 

(especially if she is female) clean the urogenital area with an antimicrobial solution. 

Then, she will pass a small amount of urine before making a clean “catch” into a sterile 

cup. The collection of mid-stream urine for analysis prevents contamination with 

epithelial vaginal cells, which usually have bacteria on them.  

 Once a specimen of urine is obtained using the correct technique, the next step 

is to test it. Specificity and sensitivity are two important measures of how useful a 
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particular testing method is. Specificity refers to the accuracy of the test; sensitivity 

refers to the rate of detection. There are three tests which can be used to effectively 

diagnose a urinary tract infection. The first and most inexpensive is a dip slide test. The 

dip slide tests for the presence of bacteria or white blood cells in the urine, conditions 

called bacteriuria and pyuria, respectively.  

 The second method of testing is microscopy. This allows for direct visualization 

of the specimen, including whatever cells or bacteria may be present.  Like the dip slide 

test, bacteriuria and pyruria are detected, but in this case visually instead of chemically. 

As it relies on human sight to detect the presence and prevalence of bacteria or white 

blood cells, it carries a lower rate of sensitivity. The specificity of microscopy is similar 

to, but lower than, the dip slide test. 

 The third method of testing is to culture the urine. Performing a urine culture is 

the only direct and definitive way to diagnose a urinary tract infection; it is also the most 

expensive way to do so. Because of this and the of the length of time it takes to perform 

(24-48 hours), a urine culture is used only in certain scenarios.  Appropriate 

circumstances in which a urine culture would be called for include cases of recurring or 

resistant infection—generally any case in which the pathogenic bacteria needs to be 

identified. Unlike the first two tests, a urine culture identifies the type and amount of 

bacteria present; a positive result indicates greater than 1000 bacteria per millimeter of 

urine.  
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The tests used to diagnose a urinary tract infection are usually indirect, testing 

only for the presence of bacteria or white blood cells. This is adequate, for the direct 

method of diagnosing a UTI takes longer and is more expensive, neither of which are 

convenient for a patient  awaiting treatment.  The fact that 80-90% of UTIs are caused 

by the same bacteria is also a factor that makes presumptive diagnosis possible. 

Considering the widely conserved manifestations of symptoms and pathogens 

associated with uncomplicated UTIs, the methods discussed above are sufficient to 

make a proper diagnosis.   
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DIAGNOSTIC STRATEGIES: BACTERIAL VAGINOSIS 

 Bacterial vaginosis (BV) represents a unique diagnostic challenge for medical 

professionals and researchers. The symptoms of BV can vary widely; sometimes, women 

with BV are completely asymptomatic. Furthermore, the profile of anaerobic organisms 

causing the vaginosis can range in type, virulence, and prevalence. Several diagnostic 

protocols have been produced in response to this, some of which lend themselves 

specifically to certain settings (i.e., clinical versus research-oriented diagnoses).  

 Most of the diagnostic methods involve scoring or grading based on certain 

criteria. These criteria are derived from the various manifesting symptoms of BV, 

including the presence of opaque, malodorous vaginal discharge; heightened pH of 

vaginal fluids; and the prevalence of anaerobic bacteria, observed through microscopy. 

All of these are tested using a sample of fluid obtained from swabbing the inside of the 

vagina. The vagina need not be cleaned before the sample is obtained (Nelson et al. 

2003).  

In a clinical setting, four tests are generally performed, and a woman is 

considered to test positive for BV if she meets the criteria for three of those four tests 

(Wolrath, U Forsum, Larsson, & Borén, 2001). First, the presence of thin, grayish or 

white discharge is in itself a criterion for BV. A “whiff test,” which involves creating a 

wet mount of the sample and mixing it with 10% sodium or potassium hydroxide, is 

considered positive if the addition of the base produces a fishy, amine-like smell; in 

lesser cases, the salts associated with the fishy odor become more odorous and volatile 
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when exposed to the basic compounds (Urban Forsum, Hallén, & Larsson, 2005). In 

severe cases, the levels of amines produced by anaerobes may be high enough that the 

discharge is malodorous even without the addition of the alkaline compound. A pH 

above 4.5 is another indicator of BV, though it is less specific than the other criteria—

factors such as a woman’s place in her menstrual cycle or erroneous inclusion of cervical 

fluids may induce a false positive (Easmon, Hay, & C. a Ison, 1992). 

Finally, the most sensitive, specific, and direct diagnostic test for bacterial 

vaginosis is microscopy. The sample is placed on a wet mount with sodium chloride; 

when viewed through a microscope, vaginal epithelial cells coated with bacteria can be 

seen. These are called “clue cells,” and are indicative of anaerobic bacteria; due to 

competitive exclusion by the anaerobes, lactobacilli cannot adhere readily to the 

epithelial cells. It is interesting to note that the higher the pH of the vagina, the easier it 

is for anaerobic species to adhere to vaginal epithelial cells. Clue cells can be thought of 

as biofilms on the cellular level— they are literally cells covered in bacteria, and appear 

studded under a microscope (Easmon, Hay, & C. a Ison, 1992) . Gram staining can 

enhance the utility of microscopy by allowing the practitioner to observe varying 

morphotypes of bacteria based on size and shape. This can be especially useful if other 

tests are inconclusive (Nugent, Krohn, & S. Hillier, 1991). 

These four tests, excluding the Gram-stained wet mount, are most commonly 

used to diagnose BV in a clinical setting. They are known as Amsel’s criteria, and 

meeting three of the four is indicative of a positive BV test (Wolrath, U Forsum, Larsson, 
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& Borén, 2001). In the case of a more elusive or inconclusive presentation, a Gram stain 

may be performed on the wet mount. There are two major scoring systems which are 

used to qualify the severity and prevalence of anaerobic bacteria in a Gram-stained 

mount.  

In a clinical setting, the Hay/Ison criteria can be used as an alternative to Amsel’s 

criteria. The Hay/Ison criteria are based on the amounts of bacteria on the slide (1000x 

magnification, one field), which is then identified qualitatively as class  0, I, II, III, or IV. 0 

represents a vagina with no bacteria, usually the result of antimicrobial therapies; while 

this is not indicative of bacterial vaginosis, it is not normal. Grade IV represents 

epithelial cells with Gram-positive cocci only, which are neither abnormal nor associated 

with BV (C. A. Ison & Hay, 2002).  Hay and Ison describe the more commonly seen 

grades as: “grade I (normal flora), lactobacillus morphotype only; grade II (intermediate 

flora), reduced lactobacillus morphotype with mixed bacterial morphotypes; [and] grade 

III (BV), mixed bacterial morphotypes with few or absent lactobacillus morphotypes.” 

This method is useful and relatively fast, though it takes a seasoned practitioner to 

accurately qualify samples using these criteria. 

The Nugent criteria are a more quantitative way of representing the levels of 

bacteria found, and are used in research. In this model, a score from 0-10 is given based 

on the average number of bacteria observed per field; 10-20 fields are observed. The 

slides are viewed at 1000x resolution (the same as in the Hay/Ison criteria) and classified 

accordingly: 
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Figure 3. Table of Nugent Scoring System. (Nugent, Krohn, & S. Hillier, 1991) 

 A score of 7-10 indicates that the vaginal flora is of mostly anaerobic or non-

lactobacillus species. A score of 4-6 reflects more of a mixed population of bacteria, 

which cannot readily be defined as bacterial vaginosis. A score less than or equal to 3 

indicates relatively normal vaginal flora (Nugent, Krohn, & S. Hillier, 1991). The Nugent 

method of scoring relies on extensive data collection (up to 20 fields of view are 

enumerated and the types of bacteria in them are averaged) and takes quite a bit longer 

than the Hay/Ison method. For this reason it is not well suited to clinical practices. Its 

use in research, however, does not mean that it is infallible or even a better system than 

other methods of diagnosis. A 2005 study by Larsson and colleagues observed that fields 

of view can vary between microscopes by up to 300%. This could interfere with the 

scoring methods of the Nugent method (and to a lesser degree the Hay/Ison method), 

especially in the case of a mixed lactobacilli and anaerobic flora scenario.     
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 There is no best or most reliable way to make a diagnosis of BV: given the nature 

of the disorder, this is one thing that researchers and clinicians alike can agree upon. 

Ansel’s criteria remains the “gold standard” in many places; the Hay/Ison and Nugent 

systems carry weight where Gram-staining microscopy is a favored or necessary method  

There are a variety of ways to diagnose BV, even other similar scoring systems; there are 

also many new avenues of diagnosis being explored.   A newer applicable method of 

diagnosis is the analysis of odorous amines in vaginal fluid—this, the profile of amines 

produced by anaerobic bacteria, is arguably a dimension in and of itself of BV (Wolrath, 

U Forsum, Larsson, & Borén, 2001).  

Microbial detection assays are gaining popularity as emerging technologies 

become more affordable. Point-of-care detection assays have been developed to  

indicate the presence of trimethylamines and measure pH; others test for enzymes such 

as sialidase or proline iminopeptidase, both associated with Gardnerella and Mobiluncus 

bacteria (K. C. Anukam et al., 2006). These are often quite sensitive and specific; their 

downfall is that they only test for the presence of these two organisms. An rRNA probe 

for G. vaginalis, Candida yeasts, and T. vaginalis (the pathogen which causes 

Trichomoniasis) has been developed. It is convenient because it tests for ribosomal RNA 

from these three pathogens. It can also be adjusted to prevent false positive readings 

from occurring (Granato, 2010). 

 The current methods used to diagnose BV reflect the nature of the disorder, 

raising questions about where along the line a pathogen’s presence denotes disease. 
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The decision to treat a woman exhibiting signs of BV is sometimes an easy one to make; 

other times, as in the case of mixed anaerobic flora, it is less clear whether certain 

individuals ought to be treated. The waxing and waning of pH level and native flora 

throughout a woman’s cycle complicates matters even further, sometimes inducing 

false (or temporary) positives. It is difficult to say whether the methods for diagnosing 

BV are sufficient, but there is always room for improvement. The advent of newer 

diagnostic technologies, along with an increased understanding of the vaginal 

microbiota, will likely aid in our concepts of bacterial vaginosis as an identifiable 

phenomenon which can be brought back into balance when necessary. 

CANDIDA DIAGNOSTICS 

 Diagnosis of vaginal Candida yeast infection (also known as vulvovaginal 

candidiasis, or VVC) can be trickier than diagnosing either bacterial vaginosis or urinary 

tract infection, for BV and UTI are both caused by organisms which are not ordinarily 

native species of the female urogenital microbiota. Candida yeasts, in contrast, are 

native to the female urogenital microbiota (Mashburn, 2006). 

Because BV is often a differential diagnosis for vaginitis (the most common 

manifestation of vulvovaginal Candida yeast infections), point-of-care testing for BV is 

often done at the same time as testing for the presence of Candida. Depending on the 

patient’s history, testing for trichomoniasis may also be done. Traditionally, diagnosis of 

VVC is done by microscopy of a wet mount containing a sample of vaginal fluid swabbed 

from the vagina (which, as in testing for BV, need not be cleaned beforehand). The 
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addition of potassium hydroxide may aid in clearing debris from the slide. Essentially, 

the presence of hyphae, spores, and buds on the wet mount indicate a Candida yeast 

overgrowth—though the absence of these does not necessarily denote a negative 

result, either (Granato, 2010). Gram staining can also be done to increase the visibility of 

yeast anatomy. Yeast cultures are another diagnostic option; however, they take longer 

than a wet mount exam and can easily produce false positive results. Lastly, analysis of 

symptoms together with a pelvic examination can be enough to make a clinical 

diagnosis of a yeast infection (Mashburn, 2006).  

As in the diagnosis of bacterial vaginosis, it can be difficult to tell when an 

“infection” actually merits treatment. Many women who show no symptoms of vaginitis 

have significant levels of Candida yeasts in their vaginal fluid  (Mashburn, 2006). The 

RNA probe mentioned earlier (called Affirm VPIII) could be of great value in diagnosing 

Candida yeast infections as well as mixed infections involving both Candida yeasts and 

BV-associated G. vaginalis bacteria. However, this technology is far from common at this 

point in most clinical settings.  It remains, then, that currently popular diagnostic 

methods for Candida infections exhibit a far lower sensitivity than the other two 

disorders discussed in this thesis (Granato, 2010).  

The capacities of these diagnostic methods imply  that some symptomatic 

women may go undiagnosed with a Candida infection; it also means that women who 

do not experience symptoms of a Candida infection may be diagnosed and treated as 

such. The same caveats regarding the time of month apply to the diagnosis of Candida 
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as to BV: if a woman is at a certain point in her menstrual cycle, she may experience 

temporary increases in Candida populations due to fluctuations in pH level and native 

Lactobacilli. This could lead to the unnecessary treatment of a potentially self-resolving 

imbalance. There is clearly room for improvement in the methods used to diagnose 

vaginal Candida yeast infections. Until then, the new Affirm test remains the most 

reliable—if most expensive, and least available-- method of Candida yeast infection 

diagnosis. 
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PART III: TRADITIONAL THERAPEUTIC APPROACHES 

 The first line treatments for UTIs, BV, and Candida yeast infections are all similar 

in that they are all antimicrobial treatments. These treatments are usually effective at 

killing their targeted organisms; the problems surrounding them, however, can be 

lumped into two categories. The first scenario is that they may work too well, killing the 

desired microbes while also compromising the integrity of the microbiota in various 

systems. This may allow opportunistic microbes to begin colonization in these areas, 

further burdening the local innate immune response. Other times, these drugs do not 

work well enough and the infections return.  Antimicrobial resistance can lead to serious 

complications, the least of which is a progression into chronic infection. Furthermore, it 

may be that simply killing the offending microbes is not enough—the immune system 

also has a hand in determining pathogenesis via pathways of inflammation and 

intolerance. At the time of writing, however, no clinically prescribed immunotherapy is 

available for these disorders.   

 

UTI TREATMENTS 

 When a patient is diagnosed with an uncomplicated UTI, regardless of the strain 

of bacteria which caused it, accepted treatment is in the form of an antibiotic regimen. 

Depending on the strain, certain drugs may be favored over others, but for this thesis 

only those pertaining to the treatment of uncomplicated E. Coli UTIs will be discussed. It 
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is essential to realize that although these are the recommended and often observed 

protocols, variability occurs among physicians and communities. 

Generally speaking, the accepted first line treatment for an uncomplicated E. coli 

UTI is a three day regimen of Trimethoprim-Sulfamethoxazole, or TMP-SMX  (Urology 

Times, 2008). Sulfamethoxazole, like other sulfonamides, is a dihydropteroate 

synthetase inhibitor, blocking folate synthesis in bacteria. Because bacteria cannot take 

in folic acid from their environment, they must synthesize it themselves. If bacteria are 

prevented from synthesizing their own folate, they die of starvation. Trimethoprim 

enacts a similar inhibition, but for dihydrofolate reductase, which is further down the 

folate synthesis pathway.  

 

Figure 4. Folate Synthesis Pathway in Bacteria. Huang et al. (2004) 

However, fluoroquinones such as ciprofloxacin are beginning to replace TMP-

SMX as first-line treatment in some communities (Kilgore, 2004). There are a few 
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reasons for this. First is the simple fact of antibiotic resistance, both in communities and 

in individuals. If a patient or a community’s UTIs have been unresponsive to TMP-SMX in 

the past, then ciprofloxacin or another appropriate fluoroquinone is often preferred:  

horizontal gene transfer between bacteria, either within an individual or a population, 

can indeed promote lowered susceptibility of the pathogen to the drug.  Ciprofloxacin 

and other fluoroquinones work by inhibiting bacterial topoisomerases (gyrases). This 

prevents the bacteria from replicating, as gyrase enzymes are responsible for the 

unwinding of supercoiled DNA prior to replication and cell division. As such, they are 

classified as broad-spectrum antibiotics and are quite potent.  It is unclear whether 

certain species of the microbiota are more susceptible than others to this mechanism. 

There is also much dispute over fluoroquinone antibiotics’ potential for eukaryotic 

toxicity, specifically whether the topoisomerases of eukaryotic mitochondrial DNA can 

be adversely affected as well.  

Lastly, though not technically a current first-line treatment , another widely 

accepted and still frequently used drug is nitrofurantoin,  which incidentally tends to be 

prescribed more by urologists than physicians (Urology Times, 2008). This older drug, 

which is an anaerobic DNA inhibitor (much like metronidazole, which will be discussed 

later), was actually recently proven to be as effective as TMP-SMX (Gupta 2007). Owing 

to its somewhat lowered potential for resistance (which is arguably due to its less 

frequent use), it is regaining popularity. It is also being promoted in order to reduce use 

of stronger broad-spectrum antibiotics such as the fluoroquinones. 
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BV TREATMENTS 

 Bacterial vaginosis is treated with either oral or intravaginal antibiotics, usually 

clindamycin or metronidazole which are available in both forms. Again, these are the 

standard treatments which are prescribed regardless of the strain of bacteria which is 

causing the vaginosis. Depending on the preference of the patient and the severity of 

the symptoms, a intravaginal application of either antibiotic may be used. Generally, 

gels and creams tend to be the first line of treatment, then oral therapy; metronidazole 

is more readily prescribed than clindamycin. Although intravaginal therapy may seem 

logically to be more agreeable than oral therapy in terms of avoiding adverse effects 

such as diarrhea and alcohol sensitivity, this is not usually the case.  

 Oral or intravaginal treatment of BV with metronidazole is an accepted therapy 

for most first-time instances of the disorder.  It is interesting to note that oral 

metronidazole is also a first-line treatment for C. difficile infections—this is quite 

relevant because studies have shown a correlation between clindamycin treatment and 

C. difficile  infections (Schroeder, 2003). That is, the microbiota of the gut becomes 

disrupted, facilitating the opportunistic growth of anaerobic organisms such as C. 

difficile. As mentioned earlier, GI upset is a product of many antibiotics, including 

metronidazole. It seems ironic that C. difficile related diarrhea—essentially the BV of the 

intestinal tract—is both caused and cured by BV medications themselves.  
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 Clindamycin, used intravaginally or orally, is usually prescribed for recurring 

infections, sometimes for extended courses. It is a lincosamide, inhibiting bacterial 

protein synthesis by binding to rRNA near the 50S ribosomal subunit (Root, 1999). 

Though it is an effective drug, the aforementioned correlation with C. difficile 

overgrowth in the gut will almost certainly curtail its use over the next few years.  This 

may be an issue, as BV has a high rate of recurrence after metronidazole treatment 

(Bradshaw 2006). However, an older drug used to treat BV, oral tinidazole, was recently 

found to be equally effective as oral and intravaginal metronidazole and intravaginal 

clindamycin  (Armstrong 2010).  

 

TOXICITY OF ANTIBIOTICS 

Examining these antibiotics from a toxicological standpoint, it is essential to 

consider the spectrum of individuals to which they are prescribed. Children, pregnant 

women, adults, and elderly persons all have varying capabilities in the way of 

detoxification and metabolism, as well as in their immune responses and microbiota 

composition. It stands to reason that certain drugs are more likely to cause 

complications in some groups than in others. For example, pregnant women must 

consider the teratogenic effects of the drugs they take while carrying a child, and 

whether that drug will be passed through breast milk later on. With regard to 

antimicrobials, specifically, consideration should be given to the kind of microbiota the 

child will inherit; Candida infections, for example, are easily passed between mother 
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and infant during or after birth (Blaschke-Hellmessen, 1998).  As another example, 

children and the elderly are more likely to experience Clostridium infections as a result 

of antibiotic usage (C. Thomas, Stevenson, & Riley, 2003). 

It is also useful to classify toxicity by organ system: antibiotics such as the ones 

described above may have adverse effects on the liver and kidneys, the two major 

detoxifying organs. Also of high importance is these drugs’ effect on the immune system 

and microbiota, which will be discussed later in detail. Generally speaking, because 

antibiotics interact with the genes and proteins of bacteria, any organ system which 

contains a microbiota will likely be affected.  

 

Toxicity and Complications Associated with UTI Antibiotics 

Overall, TMP-SMX does not have a high incidence of toxic effects in the general 

population besides gastrointestinal upset. It mainly causes problems in populations of 

HIV-positive persons. It does, however, have a high incidence of allergy-related effects, 

as is the case with most sulfa drugs. This is another factor that may favor prescription of 

ciprofloxacin.  

  Fluoroquinone toxicity is of particular concern. In July 2008, the FDA issued a 

black box warning for all fluoroquinones due to risk of tendon rupture (Office of  

Regulatory Affairs). Toxicity to the human microbiota, especially in the gut, is another 

concern:  recent findings indicate that fluoroquinones (and other similar broad-
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spectrum antibiotics) contribute significantly to the desensitization of organisms like 

Clostridium difficile and methicillin-resistant Streptococcus aureus (MRSA) (C. Thomas, 

Stevenson, & Riley, 2003). Herein lies a dilemma, which is generally the dilemma of all 

antibiotic usage: as fluoroquinone use for UTIs increases (which is happening because 

TMP-SMX is declining in efficacy), it increases the prevalence of resistant organisms such 

as C. difficile and MRSA.  

As was discussed earlier, it is likely that a woman suffering from chronic UTI 

possesses genetic or anatomical variations which predispose her to recurrent 

symptomatic colonization by UPEC. Additionally, UPEC has several mechanisms by which 

it can “hide” from antibiotics within host cells. The potential for antibiotic treatment to 

induce resistance in the UPEC strain causing infection, then, represents yet another 

pathway through which UTI can become a chronic problem (Vellinga, Murphy, Hanahoe, 

Bennett, & Cormican, 2010).  

 

Toxicity and Complications Associated with BV Antibiotics 

Common toxic side effects associated with metronidazole use include metallic 

taste and headache (Kapoor 1999). Metronidazole causes peripheral neuropathy when 

administered long-term, and with excessive use causes encephalopathy (Kalia 2010). It 

is also listed in the National Toxicology Program’s 11th Report on Carcinogens as 

“reasonably anticipated to be [a] human carcinogen.” (11th Report on Carcinogens, 

2005)  
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 Clindamycin toxicity is most readily observed in the microbiota of the 

gastrointestinal tract:  as mentioned earlier, it is classically linked to Clostridium difficile 

infections. Clostridium infections are another strong example of the diverse manifesting 

symptoms of imbalances in the microbiota. Colonization can be asymptomatic, though it 

is often marked by acute diarrhea; in severe cases, it can lead to pseudomembranous 

colitis, a condition which can be fatal if left untreated (C. Thomas, Stevenson, & Riley, 

2003).  

 Treatment failure is commonly seen when using these drugs to treat BV (Bunge, 

Beigi, Meyn, & Sharon L Hillier, 2009)(Bradshaw et al., 2006; J. Y. Chen, Tian, & Beigi, 

2009). This may be reflective of their relative efficacy, or it could be a testament to the 

temporal fluctuations in the vaginal environment that favor colonization by the 

organisms associated with BV. It is not unusual for women with chronic BV to be 

prescribed extended regimens of either of these drugs. As a long-term treatment, this is 

neither sustainable nor particularly effective. 

 

Toxicity and treatment duration—UTIs and BV 

Besides the general constitution of the patient in question, another factor to 

consider is the length of treatment prescribed. Does the age-old warning against 

stopping antibiotic treatment too soon apply? In the face of trying to preserve the 

efficacy of antibiotics and of new research, for example, it may be that previously 

agreed-upon lengths of treatment for UTIs are not wholly necessary (Michael 2002, 
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2003), (Vogel 2003), (Gupta 2007). Some treatments necessitate a shorter treatment 

period than others, as well—though these treatments also usually coincide with a higher 

risk of toxicity. 

The length of a prescribed antibiotic regimen is one thing; the frequency of 

treatments, however, also merits consideration in discussing toxicity. Many children and 

sexually active women are genetically susceptible to UTIs and are forced to seek 

antibiotic treatments for these several times a year, if not more often; the same can be 

said for women suffering from recurrent BV (Bradshaw et al., 2006). It is important to 

emphasize that in the case of both disorders, these are not necessarily recurrences or 

relapses of one initial infection  (though they may be); rather, certain populations are 

simply more likely to get urinary tract or vaginal infections. No matter the cause, when 

this recurrence pattern is observed in a patient, she will be required to take antibiotics 

frequently. As a result, a patient may rely on increasingly stronger antibiotics with each 

new infection, and likely develop complications involving overgrowth of Candida. This is 

the beginning of a vicious cycle, no doubt. 

By far, the organ system which has the most potential to be affected adversely 

by the extended use of antibiotics is the immune system. Earlier it was mentioned that 

any organ system which interacts with or contains native bacteria will, by nature, be 

affected significantly by a course of antibiotic therapy. It should be mentioned here that 

the immune system is the organ system which primarily interacts with native bacteria; 

moreover, it could be argued that an individual’s native bacteria (also known as his or 
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her microbiota) is itself an essential component of the immune system. The microbiota 

plays an important role in regulating the immune system and promoting tolerance 

toward commensal microorganisms, especially in childhood. Wherein the use of 

antibiotics suppresses the immune system by altering and compromising the 

microbiota, it is possible that this sets up a patient for future recurrences not only of 

UTI, but of yeast infections and bacterial vaginosis as well.  

 

 

TREATMENTS FOR CANDIDA YEAST INFECTIONS 

 Treatments for Candida yeast infections come in the form of antifungal 

therapies, administered either orally or intravaginally/topically. Fungistatic treatments 

work by inhibiting growth of fungi, while fungicidal treatments directly kill fungi. Many 

antifungals act by a mechanism that classifies them as both.  In contrast with treatment 

options for bacterial vaginosis (BV) and E. coli urinary tract infections (UTI), over-the-

counter antifungal therapies are available for those who suffer from Candida yeast 

infections. These include imidazoles such as tioconazole, miconazole, clotrimazole, and 

butoconazole. In clinical settings, stronger azoles are prescribed. These include 

fluconazole (a triazole), nystatin (a polyene antimycotic), and terconazole (a triazole). 

These treatments may come in cream, gel, or suppository form for intravaginal use; or in 



 

pill form for oral use. Some are avail

Figure 5. Mechanism of Fluconazole Against Candida. 
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This enzyme converts lanosterol into ergosterol; ergosterol is an integral part of the 

fungal cell membrane. The difference between the two classes lies in their molecular 

structure: the two drugs use different nitrogens to bind to the heme group of the 

CYP450 enzyme. The triazoles, which are available for prescription only, have a higher 

affinity for the target and are stronger. Nystatin works differently than both these, 
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binding to ergosterol in the fungal cell membrane; eventually, it forms pores in the cell 

membrane, causing leakage of potassium and eventual lysis.  

 Accepted clinical standards for treatment of VVC have been defined by the 

Infectious Diseases Society of America.  Their recommendations acknowledge the 

availability of over the counter therapies, stating that “[s]everal topical antifungal 

agents are effective therapy for VVC, and no agent is clearly superior.” The guidelines 

continue: “[a] single 150-mg dose of fluconazole is recommended for the treatment of 

uncomplicated Candida VVC, [and]  for recurring Candida VVC, 10-14 days of induction 

therapy with a topical or oral azole, followed by fluconazole at a dosage of 150 mg once 

per week for 6 months, is recommended.” (Pappas et al., 2009) 

 Although over the counter remedies may be convenient for the woman who 

experiences an occasional episode of vulvovaginal candidiasis (VVC), the availability of 

these drugs to the general public are not without consequence. One issue is that some 

women who opt for OTC antifungal therapies do not actually have vaginitis caused by 

Candida. Another issue is that overuse of these products may lead to—or at the very 

least, perpetuate-- recurrent VVC. This may be caused by selection of resistant species 

of Candida, although this possibility is widely disputed (Cross, Park, & Perlin, 2000). 

 

TOXICOLOGY OF AZOLES AND IMPLICATIONS FOR LONG TERM USAGE 

There are some toxicological implications for a woman suffering from recurrent 

VCC, if she chooses to adhere to the clinical standard of treatment. Antifungal azoles are 
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potent inhibitors of several hepatic cytochrome (CYP) enzymes, which may lead to 

unfavorable interactions with other drugs and decreased clearance of certain toxins in 

the liver (Casarett, 2008). A recent study found that azoles (namely, ketoconazole, 

fluconazole, and miconazole) influence transcription of the pregnane X receptor (PXR), 

which leads to the downstream inhibition of CYP enzymes such as CYP2C9 and CYP3A4. 

Ketoconazole and miconazole are also antagonists of the glutocorticoid receptor (GR), 

which regulates the immune response. Whereas previous implications of these 

inhibitory mechanisms were limited to drug-drug interactions, the pathways involving 

PXR and GR indicate that there are likely broader physiological consequences to long-

term azole use (Dvorak, 2011).   

Fluconazole is a known teratogen in animals (Casarett, 2008). As pregnant 

women may be more susceptible to yeast infections, this can limit conventional 

treatment options. Because fluconazole and other azoles can be passed through breast 

milk easily, they are neither an appropriate option for recent mothers who wish to 

breastfeed. Vertical transmission of Candida from mother to child can be an issue as 

well, representing an additional need for more appropriate therapies in this population. 

In terms of toxicity to the microbiota, antifungal azoles play a very different role 

than do antibiotics in this context. While yeasts are a part of the commensal microbiota, 

they are far surpassed in number by bacterial species. Antifungal azoles, then, do not 

exhibit nearly as strong of an effect on the microbiota as do antibiotics.  
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It is widely accepted that azoles do not represent a cure for recurrent VCC 

(Meyer, Goettlicher, & Mendling, 2006) (Jack D Sobel, 2007)(Khodavandi et al., 2011; 

Raska, Bĕláková, Krupka, & Weigl, 2007).  This could be due to the nature of the 

disorder: it seems to be the result of a standoff between a stubborn immune system 

and an even more stubborn quasi-pathogen. Additionally, polymorphisms in genes like 

MBL and TLR-4 may also contribute to intolerance of Candida and subsequent 

symptomatology.  It seems essential, then, to determine the role of these drugs in 

affecting the virulence factors of Candida as they relate to the immune system. Recent 

studies involving C. glabarata indicated that mutations for azole resistance were also 

associated with increased virulence in mice (Ferrari et al., 2009; Ferrari et al., 2011). 

Another study in China resulted in similar findings for C. albicans (Ge et al., 2010).  

 It would be useful to determine whether spikes in fungal burden corresponding 

to azole therapy have an effect on the tolerance of the immune system toward Candida, 

though the immune response to levels of Candida burden varies on a person-to-person 

basis. The aforementioned effects of azoles on the GC and PXR receptors may also 

contribute to the lack of tolerance on the part of the immune system. These are merely 

hypotheses; given the recent discoveries in fungal immune responses and virulence, 

however, new research may begin to examine these subtle effects of azole therapy on 

patients with chronic VVC. 
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TREATMENT CONCLUSIONS 

 The use of antimicrobials in treating these imbalances can be useful for women 

experiencing a sporadic case of BV, UTI, or VVC. For women with recurring forms of 

these disorders, however, traditional antibiotic and antifungal pharmaceutical 

treatments can be wildly inappropriate.  Repeated use of antibiotics such as 

metronidazole, clindamycin, ciprofloxacin, and trimethoprim-sulfamethoxazole is 

associated with bacterial resistance, as well as a variety of toxic effects, most notably 

those involving the microbiota and the immune system (Jakobsson et al., 2010). Women 

experiencing recurrent bacterial infections must take increasingly stronger antibiotics, 

which spur both actual and would-be pathogens to build genetic resistance; continual 

use of antibiotics also severely compromises the microbiota, and in doing so, 

compromises the immune system’s ability to respond appropriately to these 

opportunistic (yet somewhat commensal) pathogens.  Moreover, a classic consequence 

of  antibiotic usage in women of reproductive age is the development of Candida 

overgrowth in the gut and vaginal microbiota. Given the new hypotheses and models of 

anti-Candida immunology, it is more than likely that damage to the microbiota incurred 

by antibiotic use reduces immune tolerance to Candida, furthering the potential for 

complications leading to recurrent VVC. 

 Similarly, there is a need for reform in the treatment approaches toward 

Candida yeast infections. The use of azoles in the treatment of recurrent VVC is less 

inappropriate than it is ineffective. Whether or not antifungal azoles contribute to the 
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lessened immune tolerance associated with recurrent VVC still remains to be said, but 

research indicates a definite correlation between resistance to azoles and virulence in 

pathogenic yeasts.  

It is not uncommon for a woman to experience recurrent VVC, BV, and UTI all at 

once: where, then, does that leave her in terms of viable treatments that are not 

contraindicated? If a cure in this context denotes a balanced vaginal microbiota and 

immune response, it is evident that smarter, less abrasive protocols are needed to treat 

these disorders. These should take the microbiota and the immune system into 

consideration, as well as the temporal changes in the vaginal ecosystem. Lessening the 

burden of pathogenic colonization while strengthening the constitution of these 

inherent defenses ought to be the primary objective in treating these disorders. 

Fortunately, there are a variety of tools that can aid in achieving this. The only 

unfortunate thing is that not enough women know about them. 
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PART IV: NEW APPROACHES TO BALANCING THE VAGINAL ECOSYSTEM 

 

 To this point, I have discussed the biological and clinical backgrounds of urinary 

tract infection, bacterial vaginosis, and Candida yeast infections, including their standard 

treatments. As much as these disorders continue to baffle researchers with their elusive 

etiologies and clinicians with their propensity for recurrence, they also have a significant 

effect on a woman’s quality of life. Constant physical discomfort, reliance on 

antimicrobials, and psychosocial issues such as shame and decreased libido all play a 

role in continuing the cycle of disease through the chemical impact of stress on the 

microbiota and immune system. 

Even today, some view these common microbial imbalances as a consequence of 

being unhygienic or promiscuous—this can also lead to practices (e.g., douching) which 

exacerbate the condition. The psychosocial stigma that comes with discussing these 

types of infections publicly may prevent women from seeking help outside of standard 

medical establishments. This can be a problem because it is not uncommon for 

prescribed antimicrobial treatments to lose their efficacy in treating these disorders. 

Conversely, many women do not have access to affordable healthcare and must rely on 

over-the-counter treatments-- if they can accurately self-diagnose.  

There is a great need for education of women regarding the nature of these 

disorders and the alternatives that exist for their treatment and prevention. This 

chapter will review some of these alternatives with respect to their efficacy and viability. 
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It is important to keep in mind the etiologies and immunopathologies associated with 

each disorder—some treatments lend themselves more to one type of disorder than to 

another. Relevant therapeutic and prophylactic options will be discussed according to 

disorder.  

 

ALTERNATIVE TREATMENTS FOR E. COLI-ASSOCIATED URINARY TRACT INFECTIONS 

Urinary tract infection (UTI) caused by uropathogenic E. coli (UPEC) is a problem 

not only for reproductive-aged women but for children as well. Sexually active women 

are also at a higher risk, as intercourse can displace E. coli from the rectum into the 

urethra;  this is where the nickname “honeymoon disease” comes from. In many 

susceptible patients, the immune response to each new challenge becomes more and 

more inflammatory—this is also in accordance with the theory that amplification of an 

initial acute response leads to chronic inflammation, facilitating further colonization by 

UPEC. It is therefore imperative that UTI be treated as soon as possible after the onset 

of infection. Within hours, a UTI can begin producing severe symptoms. 

How many of the millions of patients affected by acute UTI can get access to a 

doctor and an antibiotic prescription in that time frame? Conversely, how many 

women’s lives are restricted on the basis of how fast they can get a prescription for 

Cipro or Bactrim? If left untreated, these infections can become chronic or even fatal; 

regardless, they are often extremely painful. Many women know to drink cranberry 

juice at the first sign of an infection; this is sometimes helpful, but is less effective at 
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reversing infections in women who have a history of UTI. Additionally, its use as a 

preventative is disputed; in a recent trial, drinking eight ounces of 27% cranberry juice 

twice daily was no better at preventing recurrences of UTI compared to placebo 

(Barbosa-Cesnik et al., 2011). One note to be made here is that undiluted cranberry 

juice may have been more effective in this study, as it would contain higher levels of 

potentially helpful compounds (e.g., flavonoids, d-mannose). On the other hand, pure 

cranberry juice is more expensive and not as easy to drink regularly.  

 The most promising and effective solution for treating and preventing UTIs lies 

within the biochemical etiology of the infection. UPEC use a FimH adhesin located at the 

tips of their pili to bind to the mannosylated receptors that coat the epithelia of the 

bladder (Bouckaert et al., 2005). There is a saying: you catch more flies with honey than 

with vinegar. Due to the anatomy of their pili, UPEC have an affinity for mannose 

residues; due to the anatomy of our enzymes, humans cannot metabolize mannose, 

excreting it renally. Anti-adhesion therapy using oral administration of d-mannose, 

therefore, is an effective and not particularly new method of preventing and treating 

UTI. Consider the interaction between the FimH adhesins of a single UPEC and the 

mannosylated receptors on the bladder epithelia: given the level of expression on both 

cells (relatively high), their union must be something akin to the mechanism by which 

Velcro operates.  As mannose residues pass through the kidneys, bladder, and urinary 

tract, they coat UPEC, which detaches from the mannosylated receptor on the epithelial 

bladder cell (or is exfoliated with the cell). Coated in mannose, UPEC is passed into the 
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urine, unharmed. Finally, mannose is excreted into the urine faster than either 

ciprofloxacin or TMP-SMX, possibly because it is poorly metabolized. 

 D-mannose is not known to cause any rise in blood sugar, nor does it interfere 

with the microbiota of the gut or vagina. It is available as a supplement online and in 

health food stores, and it is relatively inexpensive. No clinical evidence shows 

contraindications with using it on a regular basis; it can thus be used as a preventive 

measure against UTI. The adverse effects associated with long-term use of antibiotics, 

on the other hand, have been discussed extensively.  Antibiotics work by killing 

uropathogenic (and other) bacteria, which often exacerbates the inflammatory response 

through several mechanisms; d-mannose is not known to have any bactericidal effects. 

As mentioned earlier, antibiotics also fail to eradicate instances of intracellular 

quiescent colonies of UPEC. Though there has been no research on the effect of 

mannosides on QIRs, mannose as a preventive has great potential to reduce or 

eliminate the recurrence of UTI through immediate expulsion of actively virulent E. coli 

out of the urinary tract. 
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Glucose and D-mannose Structures. Wikimedia Commons.
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as mannose is not actually bactericidal. Presumably, d-mannose does not work for non-

UPEC infections either because the bacteria bind to different receptors on the epithelial 

bladder cell, or because the bacteria use different adhesins which have less of an affinity 

for d-mannose. D-mannose is not the only candidate molecule for anti-adhesion 

therapy, however; researchers have discovered other mannosides which bind to FimH 

with much higher affinities.   

There are a variety of potential UTI therapies currently being researched, and 

anti-adhesion molecules are only one example. A recent study in China examined the 

immunomodulatory effects of polysaccharides derived from Astragalgus, an herb 

commonly used in Traditional Chinese Medicine (TCM). Intraperitoneal administration 

was found to upregulate expression of TLR4 in mice bladder cells, which significantly 

decreased colonization by UPEC (Yin et al., 2010). Research on UTI vaccines is promising, 

too, though these are still in the experimental stages. One recent experimental vaccine 

involving the MrpA adhesin from uropathogenic Proteus mirabilis and a cholera toxin 

adjuvant was found to significantly reduce mouse urinary tract colonization by P. 

mirabilis (Scavone, Umpiérrez, Maskell, & Zunino, 2011). Vaccines for UPEC are also 

being examined.  

There are some viable and affordable alternative options for women suffering 

from non-UPEC related UTIs. The efficacy of probiotic therapy as preventative for UTIs is 

disputed, but may help for some women-- Lactobacillus rhamnosus GR-1 and 

Lactobacillus reuteri B-54 and RC-14 are patented strains which have shown clinical 
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efficacy in preventing urogenital infections (Reid, Burton, & Devillard, 2004). The jury 

still seems to be out on the efficacy of cranberry as a preventative or cure; while d-

mannose is present in cranberry juice, proanthocyandins and other flavonoids found in 

the berry may contribute additional antimicrobial or immunomodulatory effects.  

Finally, due to the nature of their etiology, UTIs are a type of infection where hygienic 

practices can be modified to reduce risk of colonization. Urinating before and 

immediately after sexual intercourse can help to clear the urinary tract of any misplaced 

bacteria. Drinking plenty of water regularly can help facilitate this and is generally a 

good rule for women who have experienced UTI before. Wiping from front to back after 

using the bathroom can reduce transference of bacteria from the rectum to the urethra.  

In conclusion, it is staggering to imagine how many incidences of UTI could be 

prevented through the use of such a simple compound as d-mannose. It is an 

inexpensive and quite effective tool for a woman predisposed to UTI to have around. 

Although researchers confirm its mechanism of action in vitro, I am not aware of any 

clinical trials that have evaluated its efficacy to date-- this may be due to a lack of 

funding. The etiology of UTI offers a unique pathway to be exploited through 

therapeutic and prophylactic measures—namely, the affinity of the FimH adhesin for 

mannose residues. As a treatment for UPEC- related UTI, d-mannose is safer and better-

tolerated than antibiotics; it may also be more effective at reducing recurrences of the 

infection.  When ridding the urinary tract of UPEC, a little sweetness can go a long way. 
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ALTERNATIVE TREATMENTS FOR BACTERIAL VAGINOSIS 

 Bacterial vaginosis mainly affects pregnant and sexually active women—

however, up to half of women with BV-associated vaginal flora remain asymptomatic. 

The growth of anaerobic bacteria in the vagina, as mentioned, is a common 

phenomenon during menses. Despite its prevalence and “spectrum disorder” 

distribution of symptoms and severity, BV is associated with adverse pregnancy 

outcomes as well as pelvic inflammatory disease—it should not be left untreated. 

However, orally or vaginally administered antibiotics can lead to yeast infections for 

women with an already compromised vaginal microbiota. The most commonly used 

antibiotics, metronidazole and clindamycin, are associated with C. difficile infections and 

other disruptions of local and peripheral microbiota. In one study, sixty-eight out of 130 

women with BV who were treated with oral metronidazole experienced a relapse within 

12 months (Bradshaw et al., 2006). The inefficacy and toxicity associated with these 

drugs can be frustrating and dangerous to women who experience recurring BV. 

Additionally, antibiotics of the caliber used to treat BV are not appropriate for sustained 

use in pregnant women, who are especially at risk for developing recurrent BV. 

 Alternative therapies for bacterial vaginosis are largely based on modifying the 

vaginal environment to create a hostile environment toward anaerobic bacteria. This 

includes strengthening the native lactobacilli population, lowering pH, and using mild 

antimicrobials which work against anaerobes but leave the lactobacilli intact. There are 
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also some vitamin deficiencies which have recently been connected to development of 

BV, and supplementation with these may prove useful in modulating the local immune 

response. Lastly, what little is known of the pathology of BV suggests that timing of 

treatments in accordance with susceptible points in the menstrual cycle may increase 

their efficacy. 

 While there is limited evidence for the efficacy of vitamin supplementation in 

treatment or prevention of BV, studies have associated decreased intake of certain 

vitamins and minerals with a risk for developing BV. These include calcium, vitamin A, 

vitamin B9 (folate), vitamin C, vitamin D, and vitamin E.  (Neggers et al., 2007) (Hensel, 

Randis, Gelber, & Ratner, 2010) Vitamins A, C, and E are all well known for their 

immunomodulatory effects. Vitamin D’s immunomodulatory effects are lesser known, 

but are gaining recognition. Vitamin D deficiency has been implicated by several studies 

as a risk factor for developing BV, especially in pregnant women (Hensel, Randis, Gelber, 

& Ratner, 2010). Of note is that recent studies have also linked vitamin D deficiency to 

several autoimmune disorders (Mark & Carson, 2006).  Additionally, vitamin D 

deficiency may explain the decrease in calcium levels seen in patients with severe BV, as 

adequate levels of vitamin D are necessary for calcium absorption. Folate is another less 

documented but important regulator of immune function. Although there have been no 

clinical trials or studies to evaluate its efficacy in treating or preventing BV, anecdotal 

reports from women with severe BV have indicated a reduction of symptoms after 

supplementing with folate. Poor dietary intake of these vitamins, along with other 

micronutrients, may account for the prevalence of BV in lower socioeconomic 
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populations. Increased exposure to sunshine (for vitamin D) and intake of dark leafy 

greens (for folate, calcium, and vitamin A) may help reduce the severity and frequency 

of infections through local immunomodulation in the vaginal tract. Supplementation is 

also an option; however, care should be taken because several of the associated 

vitamins are fat-soluble, and overdose is possible. 

An important consideration in treating BV is the recolonization and maintenance 

of a strong, lactobacilli-associated microbiota. This can be achieved through either oral 

or vaginal administration of lactobacilli species. Yogurt containing L. acidophilus has 

traditionally been used to accomplish this, but the recent advent of probiotics has 

increased the selection of strains from which to choose from. Unfortunately, to date 

there are few probiotic products on the market containing strains native to the human 

vagina—namely, L. crispatus, jensenii, gasseri, and iners. Those that exist are expensive, 

but likely work quite well; a recent study confirmed the safety and efficacy of a new 

intravaginal L. crispatus probiotic for women with BV.  Other more widely available (yet 

similarly priced) probiotics have been clinically evaluated as helpful in recolonizing the 

vaginal tract after BV. For now, these are L. rhamnosus GR-1 and reuteri RC-14; in one 

study, a 5-day nightly intravaginal treatment with these achieved a long-term (30-day) 

cure rate of 90% (K. C. Anukam et al., 2006). In another 24-month study, semi-regular 

vaginal administration of freeze dried L. rhamnosus resulted in a significant decrease in 

pH and symptoms in 32 out of 40 women with recurrent BV. According to the study, L. 

rhamnosus tablets were used  “initially one tablet once a day for six consecutive days; 
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then one tablet twice a week for 2 months, and one tablet once a week till 24 months.” 

(A. Rossi, T. Rossi, Bertini, & Caccia, 2010).  

Although vaginal administration of probiotic strains is a more effective mode for 

colonization, the involvement of the gut microbiota in BV should not be discounted. In 

conjunction with occasional intravaginal doses of probiotics, regular oral probiotic 

therapy would likely support recolonization of the vagina, as microorganisms from the 

rectum influence the vaginal microbiota. Long-term oral probiotic therapy could also 

have a beneficial effect on the tolerance of the immune system.  

It should be mentioned again that the pH of vaginal fluids is the result of several 

factors: time in the menstrual cycle, species and amount of dominant lactobacilli, and 

epithelial cell secretions are only some of these. One diagnostic criterion for BV is a 

vaginal pH above 4.5. A goal of treating BV, then, is to lower the pH of the vagina; this 

creates an unfavorable environment for non-lactobacilli bacteria. Home remedies 

usually achieve this by intravaginal application of an apple cider vinegar solution. 

Douching can be risky for women with BV, and is not recommended: the flow of liquid 

can spread the infection up past the cervix, increasing the changes of complications like 

pelvic inflammatory disorder or ectopic pregnancy (Van Kessel, Assefi, J. Marrazzo, & 

Eckert, 2003). There are currently no studies detailing the viability of this method; 

however, a related clinical trial showed that twice daily 5% acetic acid suppositories 

were ineffective in curing BV alone.  (Holley, Richter, Varner, Pair, & Jane R Schwebke, 
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2004) This may indicate that pH is less of a curative factor in already symptomatic cases 

of BV. 

Other intravaginal therapies which may or may not be related to pH are 

effective.  Intravaginal boric acid suppositories may aid in eradicating BV through 

acidification of vaginal pH—though this mechanism of action is not certain. It is more 

likely that boric acid aids in dissolving biofilms of anaerobic bacteria (Reichman, Robert 

Akins, & Jack D Sobel, 2009).  Boric acid is not a new therapy at all for vaginitis; it has 

been used, mainly in the treatment of Candida-related vaginitis, since the early 1980’s (J 

D Sobel & Chaim, 1997; Van Slyke, Michel, & Rein, 1981). It is unclear whether boric acid 

alone is enough to eradicate BV, but it is widely touted as an effective home remedy in 

conjunction with probiotics. In one study, use of boric acid suppositories in conjunction 

with metronidazole therapy increased long-term cure rates significantly  (Reichman, 

Robert Akins, & Jack D Sobel, 2009). Boric acid can be purchased over-the-counter as a 

powder at pharmacies, and it is quite inexpensive. To use it, women fill gelatin capsules 

with the powder and insert one or two at night until symptoms clear. It is well-tolerated, 

and the most common side effect is mild burning. Side effects are not common, though, 

and are usually experienced in conjunction with already inflamed skin (Ray et al., 2007). 

A seemingly contradictory (yet possibly the most effective) method of alleviating 

the symptoms associated with BV involves douching with hydrogen peroxide solutions. 

Although hydrogen peroxide is alkaline, pH is likely less of a factor in its mechanism of 

action. Its potential efficacy may be explained by the fact that hydrogen peroxide is 
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naturally produced by the most dominant lactobacilli in the well-colonized vaginal 

microbiota (Vallor, M. A. Antonio, Hawes, & S L Hillier, 2001).  As an endogenous 

antimicrobial compound which is also a precursor to any kind of immune response, 

hydrogen peroxide may prove especially effective against pathogens in the vaginal tract. 

One study found extremely promising results with a once-daily douche of 30 ml 3% 

hydrogen peroxide for a week: 100% of the participants regained normal profiles of 

flora; 97% tested negative for odorous amines; 98% tested negative for clue cells; and in 

98% of cases, the pH of the vagina dropped to normal (<4.5). At three months after 

treatment, 89% of participants were still asymptomatic (Cardone et al., 2003). In an 

older study, a single douche of 3% hydrogen peroxide left in the vagina for three 

minutes showed similar results (Winceslaus & Calver, 1996). Not only are these short-

and long-term outcomes comparable to those of standard antimicrobial treatments, 

they would likely be more effective than antibiotic therapy in women with recurrent 

bacterial vaginosis. Moreover, hydrogen peroxide douches are also effective in treating 

Candida-related vaginitis; for women who suffer from both BV and VVC, this therapy 

could be an excellent alternative to antibiotics.  

It is clear that the currently prescribed antimicrobial therapies for bacterial 

vaginosis are inadequate when dealing with recurrent BV or BV in combination with 

Candida overgrowth. Recurrence is often a result of temporarily favorable conditions 

due to the menses, and possibly also antibiotic resistance; antibiotics also have a 

negative effect on the strength of native lactobacilli.  More efficient ways of treating 

anaerobic overgrowth in the vaginal microbiota seek to strengthen innate and microbial 
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defenses while creating an unfavorable environment for anaerobes. Statistically, the 

most effective way of achieving this is through gentle douching with hydrogen peroxide. 

Intravaginal and oral consumption of probiotics can introduce stronger lactobacilli into 

the vaginal tract; hydrogen peroxide douching may facilitate this recolonization. Finally, 

sufficient dietary intake of folate and vitamin D may be helpful in preventing 

recurrences of BV through immunomodulation. 

 

 

ALTERNATIVE TREATMENTS FOR VULVOVAGINAL CANDIDIASIS 

 Putting an end to recurrent vulvovaginal candidiasis can be quite tricky for some 

women. Although Candida albicans is the usual culprit in yeast infections, vaginitis 

caused by Candida glabarata is becoming more common. Because these yeasts are 

often found in the gut, recolonization via the rectum is almost always imminent. Recent 

theories regarding the immunopathology of vaginal yeast infections point to an 

intolerant immune system as the culprit behind many of the associated symptoms. 

Antifungal therapies are usually appropriate for isolated acute yeast infections; for more 

chronic or recurring VVC, or for cases involving C. glabarata, standard azole therapy is 

less effective. This may be due to the formation of resistant mutants, which often occurs 

in conjunction with the increased expression of virulence factors (and consequently, 

localized inflammation).  
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Approaches to treating chronic vaginal yeast infections vary—in the end, it is 

hard to say whether focus should be on eliminating the yeast altogether (which can 

result in “die off” or Herxheimer symptoms and does not necessarily denote a cure) or 

on retraining the immune system to become more tolerant of the yeast. Ideally, 

treatments should be both immunomodulatory and fungistatic. Of the three disorders 

discussed, recurrent yeast infections necessitate the most individualized treatment 

protocols due to the immune system’s integral role in pathogenesis. The goals of 

treating recurrent yeast infections are the establishment of a strong protective vaginal 

and gut microbiota; lessening of fungal burden within the gut and vagina through use of 

various topical and oral antifungals; and regulation of the vaginal epithelium’s 

inflammatory response to yeasts. 

 It is important to make a distinction here. Unlike the pathogens which cause UTI 

and BV, Candida overgrowth is often systemic (in the gut/other mucosa). Given that the 

vaginal microbiota is derived from the gut,  it makes sense that dietary modifications 

ought to be the first line of therapy in order to regulate the gut microbiota. The caveat 

here is that everyone has different gut microbiota, and (consequently) differently 

“trained” immune systems. There is a lot of speculation about what to include and avoid 

in a functional “anti-Candida diet”—it is important to realize, however, that no one diet 

is right for one person all of the time. Outlining the full implications of a diet against 

Candida would constitute another thesis entirely, so I will limit this section to a brief 

overview of generally accepted dietary modifications that may aid in reducing Candida 

colonization and consequent immune dysfunction. 
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 Candida, like many yeasts, feeds on sugar. Limiting dietary intake of sugars and 

processed simple carbohydrates is a good first step in decreasing fungal burden in the 

gut (Vargas, Patrick, Ayers, & Hughes, 1993). Tied into this is the topic of bread, which 

many Candida sufferers are told to avoid. Bread contains gluten and yeast, as well as a 

lot of simple carbohydrates. Gluten is a protein in wheat flour that is quite sticky. In 

some people it may aggravate the immune response, causing severe allergies on one 

end of the spectrum, and mild immunosuppression or inflammation on the other. Going 

gluten-free, even temporarily, is not easy—but many say it is well worth the sacrifice. 

Saccharomyces cerevisiae, the yeast found in bread and wine, is a bit more of a disputed 

topic. Some believe that sufferers of chronic Candida infections become 

immunologically sensitive to the cell walls of S. cerevisiae as well. Lastly, decreasing 

dairy intake can help reduce sugar (lactose) and antibiotic levels in the diet; organic 

dairy is an alternative to omitting dairy completely.  

 Due to antibiotic use in their production, decreasing intake of animal products 

like meat and dairy (or switching to organically produced versions of these) may also be 

of benefit for some. In the United States, most of the livestock raised for meat are fed 

antibiotics regularly to increase their growth rate. The Food and Drug Administration 

was recently required to divulge statistics on the type and amount of antibiotics used 

per year in livestock raised for food. In 2009, 28.8 million pounds of antibiotics were 

sold for use in livestock feed (FDA, 2009). In comparison, 7 million pounds of antibiotics 

were produced for human consumption in the same year.  Antibiotic usage is one of the 

biggest risk factors for developing acute or chronic VVC. While it is unlikely that eating 
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meat or dairy will bring on a vaginal yeast infection, it is quite possible that traces of 

antibiotics remaining in the food may suppress the microbiota of the gut when eaten 

often, facilitating Candida colonization. Additionally, bacteria in farmed meat often carry 

genes of antibiotic resistance; when eaten, these bacteria can conjugate with those 

native to the gut. This “social interaction” of external and endogenous microbes can 

result in gut bacteria becoming resistant to antibiotics—even ones that the host has 

never been officially exposed to.  

On the additive side, increasing dietary intake of brightly colored plant foods 

helps to provide a complete profile of nutrients, supporting and calming the defenses.  

Supplementation with oils containing high levels of omega-3 fatty acids (e.g., flax oil, 

hemp oil) provides support for the immune system while also guiding toward anti-

inflammatory pathways. These also possess significant antimicrobial properties against 

Candida (C B Huang & J L Ebersole, 2010). 

 One particularly fungistatic oil that has been implicated in reducing gingivitis 

caused by Candida is extra virgin coconut oil.  This can be swished in the mouth and spat 

out, in the tradition of an Ayurvedic technique known as oil pulling. It can also be 

incorporated into the diet or taken as a supplement by the spoonful. If done habitually, 

these can reduce Candida biofilms in the mouth, throat, and gut (Chifu B Huang, 

Alimova, Myers, & Jeffrey L Ebersole, 2011). An in vitro study showed extra virgin 

coconut oil to be equally as or more effective than fluconazole in inhibiting several 

strains of Candida (Ogbolu, Oni, Daini, & Oloko, 2007). Its fungistatic properties are 
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mostly due to the fatty acids it contains, including capric (decanoic) and caprylic 

(octanoic) acid. These are thought to compromise the stability of yeast biofilms and 

membranes, as well as preventing adhesion and filamentous growth. Interestingly, 

capric acid is also produced by Saccharomyces boulardii, a non-pathogenic yeast 

contained in some probiotics  (Murzyn, Krasowska, Stefanowicz, Dziadkowiec, & 

Łukaszewicz, 2010).  

Another anti-inflammatory and antifungal food which can be incorporated into 

the diet is Pau D’arco bark (de Miranda, Vilar, I. A. Alves, Cavalcanti, & Antoniolli, 2001). 

Taken as a tea regularly, it can reduce the fungal burden associated with chronic yeast 

infections while calming the inflammatory response (Genet, 1995). 

 Of course, regular consumption of good quality oral probiotics is also a 

fundamental requirement for reestablishing a healthy microbiota. This in turn may 

ameliorate chronic low-grade inflammation by improving immune tolerance of 

microbes. It is likely that long term probiotic use is necessary to achieve this.  

Intravaginal administration of probiotic strains also helps in times of flare-ups or 

acute infection. Traditionally, plain organic yogurt containing live lactobacilli is used for 

this purpose. This works for some and is usually soothing to acute symptoms. 

Suppositories can be made by freezing the yogurt in an ice cube tray, but a pad should 

be worn because it can be a bit messy. Using yogurt as a source of bacteria is not always 

effective, however:  L. acidophilus is not the best candidate for prolonged adhesion to 

the vaginal epithelia. Using Lactobacillus strains with better viability in the vagina is 
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more likely to result in long-term colonization. Using the powder from capsules of more 

viable lactobacilli (as discussed in the section on BV alternative therapies) is likely to be 

more effective. The capsules can also be inserted directly into the vagina. 

 Finally, in addition to these measures, a potent antifungal supplement taken by 

mouth can help persistent cases of chronic yeast infections. Several are available over 

the counter and in some cases are more effective than fluconazole.  Caprylic acid, an 

antifungal agent in coconut oil, is available in pill form and should only be taken after 

using dietary modifications to reduce fungal burden in the gut—its mechanism is 

thought to be similar to that of nystatin. Oil of oregano is also available as a pill 

(recommended, as it is rather strong-tasting) and has been shown in vitro to work 

especially well against strains of fluconazole-resistant Candida (Pozzatti et al., 2008). 

Care should be taken when using these supplements, as they are potent antifungals; 

when possible, they should be taken under the guidance of a licensed practitioner of 

alternative medicine. Rotating antifungals may also help lower the chance of resistance. 

 In terms of topical and intravaginal antifungal treatments, there are a variety of 

inexpensive, over-the-counter options available to combat yeast infections and their 

associated symptoms. Raw apple cider vinegar is a fast-acting and effective way to 

relieve external symptoms immediately. Acetic acid is a potent fungistatic—its 

mechanism against Candida has not been studied extensively, but likely has to do with 

compromising biofilm formation and/or cell wall composition (Al-Tuwaijri, 2010). 



73 

 

 Boric acid used as a suppository is another time-tested and effective option for 

recurrent yeast infections; in fact, strains of Candida that do not respond well to azole 

treatments tend to be particularly susceptible to boric acid therapy (De Seta, Schmidt, 

Vu, Essmann, & Larsen, 2009; Ray et al., 2007; Van Slyke, Michel, & Rein, 1981).  The 

mechanism by which this occurs has not been researched extensively, but is thought to 

work by inhibiting biofilm formation and switches to the hyphal growth cycle—two 

major virulence factors.  These mechanisms are considered to be fungistatic (growth-

inhibiting) rather than outright fungicidal (De Seta, Schmidt, Vu, Essmann, & Larsen, 

2009). This may explain why boric acid is more effective than traditional azole therapy 

against resistant strains of Candida: the usual resistance mechanisms do not apply 

because the . Of note is that boric acid is contraindicated in pregnancy. 

In the case of a mixed infection (BV and Candida), intravaginal use of hydrogen 

peroxide is a good first step, followed by intravaginal probiotic replacements and 

maintenance boric acid therapy.   

One herbal treatment for acute or chronic infection is to make a “garlic tampon” 

by tying string around a clove of peeled garlic. Leaving this in overnight can help reduce 

virulence and inhibit biofilms— allicin is one of many active antifungal components in 

garlic that enacts this (Low et al., 2008). Finally, tea tree oil may be used in diluted form 

topically to reduce itching and combat biofilm formation (Mondello, De Bernardis, 

Girolamo, Cassone, & Salvatore, 2006). It can also be used intravaginally by putting a 

few drops on the end of a lubricated (to prevent absorption) tampon. 
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Candida yeasts are capable of resisting antifungal therapies through a variety of 

mechanisms. Plant-derived topical and oral treatments are particularly useful in 

combating recurrent Candida infections because each contains a variety of antifungal 

compounds, making it harder for the yeasts to become resistant. Additionally, these 

therapies can be rotated in order to increase their efficacy and further avoid building 

resistance in the yeasts’ genomes. Dietary modifications can limit the proliferation of 

yeast in the gut, while also easing the fungal burden in the vagina. They may also aid in 

reducing the inflammatory response in some patients. Probiotics, taken orally and 

intravaginally, are instrumental in recolonizing the gut and vagina with lactobacilli. In 

conjunction with the judicious use of dietary, supplemental, and topical antifungals, 

these measures can be effective in reducing the severity and frequency of vaginal yeast 

infections. 

 

CONCLUSIONS 

When a knife is used repeatedly, it becomes less sharp. Similarly, antimicrobials 

have been known to humans for less than a century; they have already started losing 

their efficacy as medicinal tools. The amazing capability of microorganisms to build 

genetic resistance to these effective poisons is one reason for this. Another is the sheer 

amount of antibiotics that are manufactured and prescribed to animals and humans 

daily. The advent of lethally resistant microbes such as methicillin-resistant 

Staphylococcus aureus (MRSA) has shed light on the need to conserve antimicrobial 
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usage. The advent of persistent microbes, however, has not. In clinics and hospitals 

everywhere, acute and recurring UTI, BV, and VVC are treated with higher doses and 

longer regimens of potent pharmaceutical antimicrobials. This is neither sustainable for 

the patient (as a veritable forest of microorganisms) nor the doctor (who requires that 

his tools of healing work when he needs them to).  

More sustainable solutions to these common female disorders exist, and many 

women’s lives have been made simpler because of them.  Some of these alternative 

remedies are more effective than their pharmaceutical counterparts in preventing 

recurrence, while also being safe enough to use preventatively. Using d-mannose as a 

preventative and/or treatment of urinary tract infections, for example, has the potential 

to reduce antibiotic usage by up to 80-90% in patients, given the percentage of UTIs 

caused by E. coli. It can also prevent susceptible women from having to deal with a 

secondary yeast infection. Another good example is the use of intravaginal probiotics 

and peroxide or apple cider vinegar washes. Unlike traditional therapies for BV and 

yeast infections, which are contraindicated for women who are sensitive to developing 

both, these work on bringing both disorders into balance at the same time.   

In addition to concerns about antimicrobial resistance, quality of life is an 

important consideration. Having a few relatively inexpensive tools at her disposal, a 

woman is granted the freedom to not worry about what will happen if, for example, she 

gets a UTI while on vacation. She will be afforded the power to prevent and treat these 

common disorders, saving a lot of time, money, and discomfort. Preserving quality of 



76 

 

life is also instrumental in preventing the exacerbation of illness; with disorders such as 

these, stress has a significant effect on treatment outcomes and recurrence. Perhaps 

this is due to the involvement of the immune system in all of these disorders: the 

immune response is integral not only to their pathology, but to their resolution as well. 

Much of the stress from dealing with chronic forms of these imbalances feeds back into 

the mildly suppressed/pro-inflammatory profile of the immune system that contributes 

to them in the first place. A similar pattern is seen in the epidemiology of autoimmune 

disorders: they tend to affect more women than men, and are associated with a type of 

hypersensitive immune dysfunction that is exacerbated by chronic stress.  In the context 

of these common urogenital disorders, this cycle of stress and inflammation can be 

relieved with the use of more immunologically and microbially sustainable treatments.  
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EPILOGUE: ON SHARING ALTERNATIVE OPTIONS FOR  

UROGENITAL HEALTHCARE 
 

Women dealing with recurrent urogenital infections can have particular 

psychosocial barriers to overcome when trying to discuss these issues. After the 

presentation and performance of the interpretive dance, I realized that a subtle 

intention I had was to cast the issue of UTI in a more facetious light. Bringing humor to a 

dull and unpleasant topic can make learning about it a bit more bearable; it was my 

hope that doing so would increase comprehension and retention of the ideas I was 

trying to share. I also wanted to demonstrate that it is okay to talk openly about UTI and 

other female urogenital infections, especially because they are so prevalent. Based on 

my own experiences and on those of women I have spoken to, it can be easy to think 

that nobody else shares these problems.  

The first performance of the interpretive dance was on the evening of April 22, 

2011 in the Black Box Theater at New College of Florida. In the audience were 35 of my 

colleagues at New College, mostly students.  The dance was integrated into a half-hour 

presentation on the risk factors, pathogenesis, and treatments associated with urinary 

tract infections caused by E. coli. My original goal was to educate my peers—especially 

females-- about the benefits of using d-mannose to prevent and treat many cases of 

UTI.  

I consider that goal to have been achieved. There is no way for me to 

retroactively make a quantitative assessment of the amount of information that my 
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audience retained. I believe that having attempted to do so would have detracted from 

the informal, lighthearted setting that I wanted to create. Also, many of the people to 

whom I was presenting the information did not have a background in science and were 

learning some of the related terminology for the very first time. The only evidence I 

have that the information was conveyed is qualitative and anecdotal. Several of the 

attendees, both male and female, commented to me later on how informative the 

performance and discussion were.  I believe that this was facilitated by my attempts to 

portray the information at hand in an accessible manner. A few viewers attested that 

the use of dance as a medium to portray the dynamic, multi-faceted phenomenon of 

UTI as a narrative was also particularly useful. 

There are certainly questions about the ethics of spreading this information 

publicly; even within the context of this thesis, I have discussed treatment alternatives 

which have not been completely validated by the accepted methods of scientific 

research. I am not a medical professional by any means, and I am not qualified to make 

specific recommendations about individual healthcare. However, I do believe that there 

are instances in which conventional medicine fails to address the issues of sustainability, 

efficacy, and quality of life in treating certain disorders. In these instances, it is the 

patient’s right to go against medical advice and consider a more appropriate treatment 

plan. This can mean consulting an alternative medical professional, though this is not 

often covered by insurance and can be too expensive for some, especially students. 

Many times, choosing alternatives to conventional treatment involves research and self-

experimentation. While this may seem risky, it is simply a matter of determining what 
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works best for the individual—and it may be the only option for some. Self-diagnosis of 

these disorders is not necessarily reliable or recommended. As I have discussed, 

however, their etiology can be such that the line between healthy and infected is not 

only hazy, but temporally sensitive. In cases of recurrent infection, getting a proper 

diagnosis each time can be costly and frustrating. 

On the other hand, the sensitivity of these host-microbe interactions make them 

particularly suited to treatments that can also act as preventative agents. Infections due 

to semi-commensal microbes such as these demand a different way of thinking about 

the approach to healing: when the line between healthy and infected is blurred, so is 

the line between prevention and treatment.  

In creating this thesis project, I intended to provide those who read and watched 

it with an idea of the challenges involved with treating acute and recurrent UTI, BV, and 

VVC. At the same time, I wanted to demonstrate that there are other viable ways of 

preventing and treating these disorders. In this respect, it is simply one more resource 

available for women who are in search of other avenues for dealing with these types of 

infections, whether they are looking to prevent or treat them. I hope that the 

information contained in this thesis serves as a springboard for considering these 

disorders in a new light.  
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APPENDIX 

 

The annotated performance can be found on the internet at 

http://www.youtube.com/watch?v=toq_mkCBXKg.  

The full presentation and performance are also included as a DVD. 
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