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Abstract

:

Vulvovaginal candidiasis (VVC), predominantly caused by Candida albicans, is estimated to affect about 138 million women each year worldwide and 492 million over their lifetimes. Recurrent VVC (RVVC), defined as four or more episodes of VVC in a year, is increasingly recognized and constitutes up to 10% of the cases of VVC. RVVC is an important clinical and global public health challenge project that will affect about 160 million per year by 2030. RVVC significantly affects the quality of life of the affected women. Host factors, such as underlying immunosuppressive conditions and genetic predisposition, are suggested key risk factors for recurrence. However, an increasingly higher prevalence of non-albicans Candida (NAC) species, such as C. glabrata, C. tropicalis, C. krusei, C. parapsilosis, C. dubliniensis, C. guilliermondii, and others, which are either intrinsically resistant to azoles or have higher minimum inhibitory concentrations to most antifungal agents, such as fluconazole, which are commonly used for the treatment of VVC/RVVC, has been reported. Therefore, treatment remains a challenge. Long-term maintenance antifungal is required to avoid recurrence of symptoms. Alternative treatment includes boric acid and topical amphotericin B; however, they are associated with serious side effects, limiting their use. The oral echinocandin ibrexafungerp is well-tolerated and efficacious against Candida vulvovaginitis. RVVC presents a unique area for continued research and development.
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1. Introduction


Candida vulvovaginitis, or vulvovaginal candidiasis (VVC), was first documented by Wilkinson in 1849 and continues to be a debilitating problem that affects the quality of life of many women [1]. It is one of the most common manifestations of Candida infection, estimated to affect approximately 75% of women at some point in their lifetime. Furthermore, over 5% of women suffer at least four episodes of VVC in a year, and this is referred to as recurrent vulvovaginal candidiasis (RVVC) [2,3,4].



The hallmark for the diagnosis of VVC is an acute inflammatory condition of the vulvovaginal mucosa induced by overgrowth of Candida that commonly exist as a member of the vulvovaginal microbiota [5]. Although most VVC can be effectively treated with antifungal agents, such as topical or systemic azoles/triazoles, VVC recurrence is a common problem and sometimes may be very troublesome [6]. RVVC is a multifactorial disease whose symptoms are governed by the interplay between Candida species (albicans and non-albicans Candida species), co-existent bacterial flora (such as Lactobacillus spp.), the microenvironment (that is, the inflammatory status, oxidative stress, and estrogen levels), and the host factors, including the immune status, social behaviors, and genetic factors [7]. A variation in any of these factors may induce RVVC [8]. Candida albicans is the predominant pathogen responsible for up to 90% of VVC, while other non-albicans Candida (NAC) species, most commonly C. glabrata, C. parapsilosis complex, C. krusei, and C. dubliniensis, account for 10 to 20% of VVC cases and are associated with complicated VVC, which exhibits less severe symptoms than C. albicans VVC but higher recurrence rates [9,10].



There is an increasing burden of RVCC, imposing management challenges, particularly with the growing burden of antifungal-resistant Candida isolates. In this review, we provide an update on the epidemiology, pathogenesis, risk factors, diagnosis, and treatment of RVVC.




2. Epidemiology


The precise burden of RVVC is unknown. A recent study systematically evaluated epidemiological studies from 1985 to 2016. The study, by Foxman and colleagues, was based on the 6000 online surveys from five western European countries and the United States and documented a global annual prevalence of 3871 RVVC cases per 100,000 women, at a frequency of 9% in patients of reproductive age (18 to 49 years) [3]. VVC was noted to affect about 138 million women each year worldwide and 492 million over their lifetimes [3]. It was projected that the population of women with RVCC will increase to almost 158 million in 2030 [3,11]. Candida species is reported as the second-most common cause of vaginitis in the USA [12].




3. Etiology


C. albicans accounts for the majority of the cases of RVVC. However, emerging evidence increasingly points to the causal role of NAC species, particularly C. glabrata and C. parapsilosis [10,13,14]. This has been attributed to be due to widespread use of over-the-counter drugs, longer-term use of suppressive azoles, and the use of short courses of antifungal drugs. Although the severity of symptoms is milder with the NAC species, they have been associated with antimycotic resistance and generally respond to higher MICs of azoles [13].




4. Pathogenesis


The pathogenesis of VVC is a process that is determined by the virulence of the Candida species; these different virulence factors are created by the interaction of the host with microorganisms, which may eventually lead to tissue damage, making them even more pathogenic. These virulence factors include modifying the expression of adhesins to help the Candida adhere to epithelial cells, the capability to make a morphological switch from yeast to hyphae, invasiveness through the expression of invasins, the formation of biofilms, the secretion of hydrolytic enzymes, such as secreted aspartyl proteases (SAP) and candidalysin, and the ability to escape from phagocytosis by neutrophils and macrophages [15,16,17].



Candida species exists in two morphological forms, i.e., the unicellular yeast, and multicellular hyphae [17]. Initially, yeast cells adhere to the vaginal epithelium [18]. Following this initial contact, hyphae will grow out of the yeast cells, then eventually transition from yeast to filamentous growth. This is one of the most important virulence traits. The filamentous form is more invasive than the yeast form; hence, it penetrates the tissue and escapes from recognition by the immune system of the host.



The evolution of the disease is determined to a great extent by the hyphal-expressed adhesins, whereas, in general, yeast cells adhere directly to the epithelial cells, which is ensued by transition to hyphae form. There is evidence of direct adhesion of the Candida hyphal form to the epithelial cells as hyphae grow from one epithelial cell to another [17].



Following adherence to the vaginal epithelial cells, yeast cells of Candida form hyphae and become detectable by the immune system. A significantly high hyphal burden is required for epithelial activation because the presence of hyphae goes undetected below a certain threshold level. This is attributed to the dual lifestyle of Candida species as vaginal microbiota and an opportunistic pathogen [19].



There are two pathways in place to differentiate between the colonizing yeast and the invasive hyphal form. Candida species can be recognized via two different pathways. The first pathway is represented by an early response that occurs in a morphologically independent manner. The second pathway starts when a burden threshold of hyphae is reached; this is a stronger response to hyphae, which, in turn, leads to activation of epithelial cells and the production of cytokines, chemokines, and other inflammatory mediators. There seems to be a local mucosal overreaction caused by an exaggerated inflammatory response accounting for vulvovaginal symptoms. This response can be triggered by host pattern recognition receptors (PRP) interacting with fungal-pathogen-associated molecular patterns (PAMPs) and other more complex mechanisms (i.e., secreted aspartyl proteases (Sap)-mediated NLRP3 activation and the cytolytic peptide toxin candidalysin) [20,21]. The activation of the innate immune system by a series of proinflammatory cytokines and chemokines leads to the recruitment of neutrophils to the vaginal mucosa, subsequently exacerbating symptomatic disease [20,21,22].



Furthermore, Candida species apply tissue damage by direct invasion by hyphal filaments or secretion of virulence effectors. Invasion of Candida species can occur with the help of invasins after a switch from the yeast to the hyphal form. Invasion into host cells can be achieved by endocytosis or active penetration. This, consequently, leads to damage to the epithelial cells via necrosis and apoptosis and, hence, a loss of epithelium [18,23].



Recognition is triggered by a high burden of hyphae above the normal threshold. The hyphal form was needed to cause damage to the epithelium, releasing pro-inflammatory cytokines and neutrophil recruitment [17]. A study completed by Fidel et al., 2004 demonstrated that healthy women with no prior history of vulvovaginal candidiasis showed a differential susceptibility to develop symptomatic VVC of 15%, while women with a history of recurrent VVC were at 55% [5].



Candida species have a great ability to form biofilm. This virulence trait is a key contributing factor to antifungal resistance and is a likely contributor to treatment failure in RVVC [18,24]. Candida secretes extracellular matrix (ECM), which results in a “biofilm” in which the Candida yeast cells embed. This ECM consists of exopolymeric macromolecules, including polysaccharides, proteins, lipids, and nucleic acids, which are secreted by sessile cells within the biofilm. A biofilm is characterized by a complex colony of yeast-form and hyphal cells surrounded by ECM, and it provides protection for the yeast against the host’s immune system, and antifungal agents bring about drug resistance. The biofilm slowly disperses yeast-form cells into the surroundings, which may be able to colonize other surfaces [19,24]. It seems that this morphogenesis reflects the integrity/nteractionn of multiple genetic and environmental factors responsible for the virulence of fungi [15].




5. Vaginal Microbiome and Risk Factors for Vulvovaginal Candidiasis


VVC is well-recognized as a multifactorial disease, where the Candida species and its virulence factors, disbalance in vaginal microbiome (dysbiosis), host-related precipitating factors, and idiopathic factors, such as genetics, determine the disease onset and propensity to recur [8].



Alteration in the vaginal microbiome leading to fungal dysbiosis can result in VVC and its symptoms. A healthy vaginal normal flora consists of different microorganisms. The primary colonizing bacteria of normal vagina mucosa are of the genus Lactobacillus (90–95%), such as L. crispatus, L. iners, and L. jensenii, but also fungi such as C. albicans and C. glabrata, living in symbiosis [8,25]. Lactobacillus species have been known as the gatekeepers of the vaginal ecosystem. They play several important roles in maintaining a healthy vaginal microbiome. Lactobacillus species decrease the opportunism of potentially pathogenic microorganisms by microbial competition, which reduces the adherence of Candida species to the vaginal epithelium [16,26]. Lactobacillus maintain the vaginal pH between 4 and 4.5, which is normal in healthy women of reproductive age. As the fermentation of glycogen within the vaginal epithelium produces lactic acid, the vaginal pH decreases and non-resident microbiota are suppressed, thereby protecting against opportunistic infections [18,26,27,28].



Furthermore, Lactobacillus spp produce bacteriocins that positively affect the commensal community through their antimicrobial function by limiting pathogens. Moreover, Lactobacillus spp induce the expression of genes that prevent the adherence of yeast to the epithelium and limit yeast-to-hyphal formation, keeping the Candida yeast cells in their less invasive form and, consequently, inhibiting overgrowth of Candida species [16,26].



Lactobacillus spp also cause modulation of the local immune system [16]. When the healthy microbial balance is disturbed, Lactobacillus spp may lose their ascendancy, and other microorganisms, such as C. albicans, can foster and cause overgrowth. Multiple factors can alter the vaginal microbiota and disturb the balance between the tolerance and invasion of Candida species. Important drivers for the pathogenesis of VVC are changes in the Lactobacillus community, elevated estrogen levels (i.e., due to oral contraceptives, hormone replacement therapy (HRT) used in post-menopause, being in the luteal phase of the menstruation cycle, or pregnancy), an elevated pH, and the presence of glucose and eicosanoids (such as prostaglandin E2 and thromboxane B2) [8,29]. Other determinants have an inhibitory effect on VVC, such as lactate and the presence of short-chain fatty acids, such as acetate, butyrate, and propionate B, immunodeficiency due to genetic aberrations, local immune overreaction, the inefficiency of prescribed antifungal agents, and, to a lesser extent, the development of antifungal resistance contributes to RVVC [8,29].



A broad spectrum of host-related precipitating factors, such as genetic background (polymorphism, familial, ethnicity), uncontrolled diabetes mellitus, altered immune status, pregnancy, use of steroids, and antibiotic overuse, as well as behavioral factors, such as sexual activity, hormone replacement therapy, and use of contraceptives, including intrauterine devices, have been associated to promote VVC pathology [3,4,8].



In 20 to 30% of the RVVC patients, the risk factors remain unknown. It is suggested that the Candida species, its virulence, and inter-individual differences play a key role in idiopathic RVVC pathogenesis. Several epidemiologic and cohort studies demonstrated that genetic mutations and polymorphisms and ethnicity play a role [8,24]. Moreover, NAC species are also associated with recurrent infections in VVC patients, likely because of their natural resistance towards azole-based antifungals. Incomplete clearance of infection can result in a rapid relapse, causing the prolongation of debilitating symptoms and healthcare-burdening allergic responses to Candida antigens [8].




6. Clinical Manifestations


Most patients with VVC are symptomatic. The typical VVC symptoms include pruritus, burning, soreness, irritation, discomfort, dyspareunia (painful sexual intercourse), and abnormal vaginal discharge. Vaginal examination may reveal vulval, introital, and vaginal erythema, edema, excoriation, and fissure formation, together with a cottage-cheese-like vaginal discharge; however, this is nonspecific [4,30]. These symptoms have not only become an epidemiological and clinical problem but also include larger social and psychological consequences. These recurrent cases are debilitating and impact quality of life. Women with RVVC report a loss of confidence and self-esteem, inability to carry on with their normal physical activities, and difficulties with their sexual life and intimate relationships. It is also associated with psychological stress, including depression and anxiety, often drug-resistant mucosal infection that has a substantial negative impact on work, and quality of life [31].




7. Diagnosis


Laboratory testing is recommended to confirm the diagnosis of VVC because self-diagnosis based on symptoms has an accuracy rate of only 28% for C. albicans in self-treating women due to the many non-specific symptoms, making over-the-counter antifungals often ineffective [11,32]. The gold standard for the diagnosis of VVC is by culturing the cells and microscopic detection of yeast cells and hyphae in Candida-positive cultures [3,33]. Gram staining of vaginal discharge mixed with potassium hydroxide (KOH) is used to distinguish Candida yeast cells and hyphae, which is relevant for the staging of the pathogenesis. The pH of the vaginal discharge is also an important indicator and normally stays within a range of 4.0 to 4.5 [4,9,34].



For further differentiation between Candida species, additional culturing is needed, e.g., with chromogenic agar or Sabouraud’s dextrose agar. In fact, culture is the most selective procedure in the sense of the isolation of the pathogen, and molecular methods, such as sequencing of the internal transcribed spacer (ITS sequencing), are often used for epidemiologic investigation. Newer methods, such as matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-ToF MS), are needed to identify the specific species [35,36] (Figure 1). This is especially relevant in the case of RVVC, in which NAC species are becoming more prevalent. Similarly, susceptibility testing may be of adjuvant need in RVVC as these infections are more resistant to antifungal agents [34].




8. Current Treatment Options for Recurrent Vulvovaginal Candidiasis


Many antifungal regimens are available for treatment, some of them with adverse effects that end up reducing women’s adherence to treatment. Additionally, the lack of clear criteria for prescription of available drugs and their free use due to self-medication by women has contributed to the increasing antifungal resistance found in some clinical trials [13,16,29] (Table 1).



VVC and RVVC are often treated with azole agents that are fungistatic due to the inhibition of ergosterol biosynthesis in Candida species [37]; however, they are substantially less active against NAC species [41]. The standard treatment for RVVC caused by NAC is more complicated, requiring prolonged suppressive azole therapies, and is often unsuccessful. It consists of 10 to 14 days of induction therapy with a topical antifungal agent or oral fluconazole 150 mg, followed by fluconazole 150 mg once a week for 6 months. Recurrence rates of 60% to 70% are observed [11].



Fluconazole is a cost-effective, well-tolerated medication that is easily administered orally and is the most-used antifungal drug in many countries. Fluconazole resistance has been reported in women with RVVC. It is easily attained over the counter. However, epidemiological studies suggest that almost all patients diagnosed with fluconazole-resistant C. albicans have a history of prior exposure to fluconazole [42].



The rates of azole resistance are highly variable, and they may be influenced by the prescribing patterns of clinicians for both treatment and prophylaxis. It was observed that women with RVVC with vulval excoriation, longer disease time, and a family history of atopic disease are at a greater risk of not responding to maintenance treatment with fluconazole [11].



The current treatment options for VVC include azoles sold without a prescription for oral or intravaginal use. The side effects of oral treatment reported include headache, abdominal pain, and nausea, while the excessive use and overuse of such topical agents have had other adverse consequences, such as oedema, irritability of the skin, and perhaps even chronic vulvar pain condition (vulvodynia). In addition, long-term treatments are expensive, and approximately 50% of women experience the recurrence of symptoms a few months after treatment completion [43].



The efficacy of therapeutics, such as amphotericin B and boric acid, has been assessed for the treatment of RVVC but never proven. However, in multicenter studies, both drugs, when delivered intravaginally for 14 to 21 days, were found to be effective in around 70% of patients [33,34]. Indeed, sessile cells, i.e., biofilm-contained Candida cells, have been shown to tolerate antifungal concentrations 1000-fold greater than their planktonic counterparts [44]. Therefore, an alternative therapeutic strategy for RVVC may be through microbiome replacement therapy in the form of Lactobacillus probiotics [45].



Probiotic therapy involves the administration of live microorganisms, which directly results in a health benefit for the patient. Due to the diversity of Lactobacillus within the vaginal microbiome, it is difficult to estimate which species would be most important to replace with probiotic therapy [46].



Echinocandins are broad-spectrum and possess fungicidal activity with a safety profile better than other antifungals. They act by inhibition of (1-3)-β-d-glycan synthase. However they are only available for administration by intravenous infusion, hence the need for orally available options [38]. NAC species resistance to echinocandins is increasingly prevalent at between 3 and 30% among patients who are extensively using echinocandins, especially in strains exhibiting less susceptibility to fluconazole and other azoles [47,48].



Ibrexafungerp is the first orally available (1-3)-β-d-glycan synthase inhibitor, a key enzyme in the biosynthesis of β-1,3-d-glucan and a major component of the fungal cell wall [39]. It was developed to address this increase in antifungal resistance. Although ibrexafungerp has similar mechanisms of action, it is different in structure and interacts differently with the target enzyme, resulting in a lower rate of resistance to ibrexafungerp [49]. It demonstrates broad in vitro activity against wild-type azole-resistant and echinocandin-resistant NAC species. It shows efficacy in low pH environments, which suggests its effectiveness against VVC [50]. It is dosed at 300 mg by mouth twice in one day. It does not cause liver toxicity, and its activity is not impacted by a low vaginal pH. It is active against C. glabrata. Ibrexafungerp is contraindicated during pregnancy [51]. Table 2 summarizes the current guidelines for the management of VVC.




9. Conclusions


In summary, RVVC remains an important clinical and global public health challenge and adversely affects the quality of life of the affected women. The clinical presentation is similar to first-episode VVC but perhaps milder. However, an increasingly higher prevalence of NAC species is being reported among women with VVC. NAC species are invariably resistant to most antifungal agents, such as fluconazole, which are commonly used for the treatment of VVC/RVVC. Therefore, treatment remains a challenge. Alternative treatment includes boric acid and topical amphotericin B; however, they are associated with serious side effects, limiting their use in a significant proportion of patients. Recently, the oral echinocandin ibrexafungerp has been shown to have a significant efficacy against VVC/RVVC and was approved for this indication. RVVC presents a unique area for continued research and development.
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Figure 1. Diagnostic algorithm for Candida vulvovaginitis. MALD-ToF MS, matrix-assisted laser desorption time-of-flight mass spectrometer; C & S, culture and sensitivity; NAAT, nucleic acid amplification tests. 
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Table 1. Summary of antifungal classes used in the treatment of Candida vulvovaginitis.
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	Antifungal Class (Example)
	Mechanism of Action
	Adverse Events
	Resistance





	Azoles (clotrimazole, fluconazole) [37]
	Impaired ergosterol synthesis due to inhibition of 14-α-lanosterol demethylase
	Anaphylaxis, phototoxicity, cardiomyopathy, gastrointestinal disturbances.
	Mutation in ERG11, the gene coding for 14-α-lanosterol demethylase.



	Echinocandins [38,39] (ibrexafungerp)
	Inhibition of 1,3-β-D-glucan synthesis in fungal cell wall resulting in loss of structural integrity, osmotic instability, and cell death.
	Hepatic toxicity
	Mutations in glucan synthase complex genes.



	Polyenes (Nystatin, Amphotericin B) [34]
	Binds to ergosterol in fungi membranes to form pore and increase membrane permeability.
	Nystatin; well-tolerated.

Amphotericin B.

Nephrotoxicity, hepatic toxicity
	Resistance may be caused by replacement of ergosterol with precursor sterols.



	Others: Boric acid [40]
	Exact mechanism is unknown. Vaginal acidification causes cell membrane dysfunction.
	Toxicity when systemically absorbed.
	










[image: Table] 





Table 2. Summary of current guidelines for the management of vulvovaginal candidiasis [11,52].
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	Intervention
	Vulvovaginal Candidiasis
	Recurrent Vulvovaginal Candidiasis





	Recommended oral regimen
	Non-pregnant: Fluconazole capsule 150 mg as a single dose.

If oral therapy is contraindicated, clotrimazole pessary 500 mg as a single dose, intravaginally.

Pregnancy:

Clotrimazole pessary 500 mg PV at night for up to 7 nights.

NAC spp and azole resistance:

Nystatin pessaries 100,000 units intravaginally every night for 14 days
	Non-pregnant:

Induction: Fluconazole 150 mg orally every 72 h × 3 doses.

Maintenance: Fluconazole 150 mg orally once a week for 6 months.

Pregnancy:

Induction: topical imidazole therapy for up to 10–14 days according to symptomatic response.

Maintenance: clotrimazole pessaries 500 mg intravaginally weekly.

NAC spp and azole resistance:

Nystatin pessaries 100,000 unit intravaginally at night for 14 nights/month for 6 months.



	Alternative regimens
	Non-pregnant:

Clotrimazole vaginal cream (10%) 5 g as a single dose

OR

Clotrimazole pessary 200 mg intravaginally at night for 3 consecutive nights

OR

Econazole pessary 150 mg intravaginally as a single dose or 150 mg intravaginally at night for 3 consecutive nights.

OR

Fenticonazole capsule intravaginally as a single dose 600 mg or 200 mg intravaginally at night for 3 consecutive days.

OR

Itraconazole 200 mg orally twice daily for 1 day PO.

OR

Miconazole capsule 1200 mg intravaginally as a single dose, or 400 mg intravaginally at night for 3 consecutive nights.

OR

Miconazole vaginal cream (2%) 5 g intravaginally at night for 7 consecutive nights.

Pregnancy:

Clotrimazole vaginal cream (10%) 5 g at night for up to 7 nights.

OR

Clotrimazole pessary 200 mg or 100 mg intravaginally at night for 7 nights

OR

Econazole pessary 150 mg intravaginally at night for 7 consecutive nights.

OR

Miconazole pessary 1200 mg or 400 mg intravaginally at night for 7 consecutive nights.

OR

Miconazole vaginal cream (2%) 5 g intravaginally at night for 7 consecutive nights.

NAC spp and azole resistance:

Boric acid suppositories 600 mg intravaginally at night for 14 nights.

OR

Amphotericin B vaginal suppositories 50 mg intravaginally at night for 14 nights.

OR

Flucytosine 5 g cream or 1 g pessary with amphotericin or nystatin intravaginally at night for 14 nights.
	Non-pregnant:

Induction: topical imidazole therapy can be increased to 7–14 days according to symptomatic response.

Maintenance for 6 months:

Clotrimazole pessary 500 mg intravaginally once a week.

Itraconazole 50–100 mg orally daily.

NAC spp and azole resistance:

Consider 14 nights per month of the alternative regimens.







Abbreviations: NAC spp, non-albicans Candida species.
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