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Vulvovaginal candidosis (VVC) is a frequently occurring infection of the lower female genital tract, mostly affecting
immuno-competent women at childbearing age. Candida albicans is the most prevalent pathogenic yeast—apart from
other non-albicans species—related to this fungal infection. Different virulence factors of C. albicans have been identified,
which increase the risk of developing VVC. To initiate treatment and positively influence the disease course, fast and
reliable diagnosis is crucial. In this narrative review, we cover the existing state of understanding of the epidemiology,
pathogenesis and diagnosis of VVC. However, treatment recommendations should follow current guidelines.
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| 1. Introduction

Vulvovaginal candidosis (VVC) is a disease that affects women of all ethnicities and social classesi@. The exact
epidemiology of this disease is based on unreliable data, although based on what is currently known, 70—-75% of women
experience VVC at least once in their lifetimel2E, Numerous risk factors for VVC have been described. However, the
pathological mechanism underlying the progression from colonization to infection is not fully understood[, partly because
most cases do not present a specific trigger . The estrogenized vagina of asymptomatic women is often colonized with
Candida species, although colonization does not necessarily lead to an infectionl. The predominant species in 90-95%
of cases is Candida albicans, followed by non-albicans species, such as C. glabrata, C. tropicalis, C. krusei and C.
parapsilosistd. If VVC is caused by non-albicans species, it mostly manifests as a mild infection!.

VVC causes distress in many affected women, and it is the reason for many consultations in gynecological offices
worldwide.

| 2. Pathogenesis

Recognition of the importance of the innate response in driving inflammatory responses associated with VVC has led to
many recent insights regarding the pathogenesis of VVC. It is known that cells of the innate host express receptors that
recognize pathogen-associated molecular patterns (PAMPs)El. The major classes of receptors that recognize Candida-
associated molecular patterns are those of the Toll-like receptors and lectin-like receptors families!2. A mannose-binding
lectin (MBL) recognizes and binds to Candida surface mannan, increases complement activation and inhibits Candida
growthl Similarly, macrophages, dendritic cells and epithelial cells play an important role and exert a protective
function. Macrophages and dendritic cells have specific surface receptors that recognize MBL and promote opsonization
of MBL-bound microorganisms!22l,

Adaptive immunity—including fungus-specific defense mechanisms—is developed directly or indirectly through cell-
mediated immunity (T-cells)!23l. Decreased T-cell-mediated immunity is associated with increased susceptibility to VVC in
women who are immunocompromised (e.g., due to HIV infection, previous organ transplantation, glucocorticoid therapy or
antineoplastic chemotherapy)24I18l16]  B_cells and immunoglobulin-secreting plasma cells migrate into the vaginal
epitheliumZ, protecting against pathogenic microorganisms. The exact mechanism by which antibodies protect against
Candida is unknown 2828 jmmunoglobulin A (IgA) and IgG are the predominant immunoglobulin classes found in vaginal
secretions/2d,

During the pathogenic process, Candida undergoes reversible yeast-to-hyphae transition, which causes changes in the
type of surface carbohydrates, affecting the adhesion and invasion of vaginal epithelial cells (Eigure 1). Candida either
infects vaginal epithelial cells directly through the invasion of hyphae or indirectly through the contact of PAMPs with
pattern recognition receptors (PRRs). In response to this, contact inflammatory immune mediators—chemokines,



cytokines, antimicrobial peptides or damage-associated molecular patterns—are secreted, subsequently recruiting innate
immune cells, such as macrophages, dendritic cells and neutrophils. These cells also recognize PAMPs through PRRs on
their surfaces, bind to the pathogen, and stimulate its removal by phagocytosis.
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Figure 1. Pathogenesis of vulvovaginal candidosis.

This mechanism involves the production of reactive oxygen species, which further regulate all stages of inflammation. The
phagocytized pathogenic components activate inflammasomes, which induce the release of proinflammatory cytokines,
and subsequently promote T-cell activation and neutrophil recruitment. Neutrophils enter through the vaginal epithelium
and promote phagocytosis of Candida on the epithelial surfaces of the vaginal21[221(23],

For Candida colonization on the host surface, adhesion to vaginal epithelial cells is crucial and contributes to infection and
persistencel24. This process is promoted by cell-surface components (adhesins), which recognize host ligands, such as
serum proteins, in the extracellular matrix of host tissues (e.g., laminin, fibronectin, collagen, vitronectin and entactin)23. A
major group of adhesins from the agglutinin-like sequence (ALS) gene family is encoded in C. albicans; this group
consists of 8 members (ALS 1-7, ALS 9)128l. Cheng et al.2q found that ALS 1-3 and ALS 9 occurred more frequently in
women with VVC.

2.1. The Role of Enzymes

Candida spp. secrete several hydrolytic enzymes!28l. Among the most important enzymes are aspartyl proteinases (Saps),
which facilitate adhesion/24l29, |n recent years, 10 Sap genes were identified in C. albicans 9, 3 in C. parapsilosisil,
and 4 in C. tropicalisi33[33, Saps only have proteinase activity in acidic environmentsi24; Sap 1-3 show a specific
correlation with VVC and the occurrence of C. albicansZ2=6l37],

Phospholipases similarly play an important role in pathogenicity by damaging host cell membranes and contributing to
adhesion. Mohandas and Ballal2& observed a greater number of phospholipase-producing strains from vaginal isolates in
patients with candidosis than in patients without candidosis. Moreover, different phospholipase genes (PLA, PLB1-2,
PLC1-3, and PLD1) were described in infected women(22,

2.2. From Colonization to Infection

Vaginal colonization with C. albicans is common, and women with colonization are often asymptomatic[@]. However, when
colonization progresses to infection, women frequently report vaginal itching, burning, pain, and redness. Typical VVC
symptoms are often accompanied by vaginal discharge, consisting of shed epithelium, immune cells, yeast and vaginal
fluidl. Candida invasion requires a transition from the yeast to the hyphae form; however, the ability to produce hyphae
varies among different species24. In vitro studies showed that C. albicans without hyphae formation has a lower rate of
tissue invasionZ. In addition, the toxin candidalysin contributes to this transition, as it has a cytotoxic effect on the host
cells and promotes invasion, attracting leukocytes2243] Multiple virulence and host-specific factors may play a role in the
development from colonization to infection.

| 3. Virulence Factors

VVC episodes cannot be attributed to a specific trigger@El. The individual infection susceptibility depends on intrinsic and
extrinsic factors. Host-specific risk factors, such as local defense mechanisms, age and hormonal status, pregnancy,
allergies, psychosocial stress, metabolic issues, immunosuppression and individual genetic susceptibility, are important2
(44]145][46][471148] - Additionally, behavioral risk factors, such as the use of oral contraceptives, antibiotics, glucocorticoids,
inhibitors of the sodium glucose co-transporter-2 (SGLT2), intrauterine devices (IUDs), spermicides and condoms, as well
as sexual, hygienic and dressing habits, need to be addressed L2149



3.1. Immunologic Factors

Genetic factors contribute to the development of VVC or its relapse. Foxman et al.BY reported that women of African
ethnicity showed an increased risk for VVC. This might be the result of a reduced occurrence of lactobacilli that happens
more frequently in women of African ethnicityl. Moreover, genetic polymorphisms in blood group antigens and MBL
have been identified in cases of increased susceptibility to RVVCEABE3EAES A |oss of the last 9 amino-acids in the
carbohydrate recognition domain of the Dectin-1 gene has been associated with the occurrence of RVVCES. This
mutation leads to insufficient production of cytokines (IL-17, tumor necrosis factor and IL-6) when it comes in contact with
Candida (78). Moreover, women with atopic diathesis and type | allergies experience VVC more frequently than healthy
individuals®Z, The typical VVC symptoms, such as itching and redness, may equally be regarded as signs of an allergic
phenomenon [258],

Apart from common immunologic factors, pregnancy increases the likelihood of experiencing VVC; its incidence increases
from 9% to 54% between the first and the third trimesters of pregnancy BEAEL This rise may be partly attributed to
immunologic factors, but also to the increase in sex hormones[#43 The occurrence of VVC during pregnancy is
generally not considered dangerous with regard to preterm birth2, Recurrent candidosis showed an association with
preterm birth in a large retrospective trial 9, However, preterm birth is a multifactorial event, and it is likely that chronic
inflammation but not VVC itself contributes to this event®d, Of important note, almost all infants born from mothers with
VVC during pregnancy show “diaper rash” or oral thrush due to the vertical mother-to-infant transmission (621,

3.2. Hormonal Factors

Glycogen serves as a nutrient substrate for fungi in the vaginal epithelium. There is a relationship between the respective
hormonal cycle phase and the occurrence of VVC influenced by estrogen. Therefore, most women experience VVC
cyclically or during the luteal phase. When estrogen levels drop during menstruation, symptoms often disappearl€3!.
Women who are on oral contraceptives and postmenopausal women who receive hormone replacement therapy are more
likely to develop VVC than others®4l. Several studies report a higher incidence of colonization with Candida and VVC in
women who use oral contraceptive pills BII24I63] The intake of contraceptives increases the level of vaginal glycogen,
providing a better condition for Candida growth 68, Miller et al. [84 demonstrated that IUDs compromise the vaginal
defense against infections. Donders et al. [88] reported that the risk of developing VVC increased during the first 5 years
after placement of levonorgestrel intrauterine systems, with the risk particularly high during the first year of placement(€&!,
Progesterone, however, reduces the ability of C. albicans to develop hyphae forms.

3.3. Metabolic Factors

Women with diabetes mellitus have an increased risk of experiencing VVC. This risk is exacerbated when their serum
glucose levels are not within the normal range. Hyperglycemia leads to increased fungal adhesion and growth, and a
glycemic index of 10—11 mmol/L can impair the host's defense mechanisms/®d. Similarly, C. albicans shows a high ability
to bind to vaginal epithelial cells in in vitro studiesEA, The yeast exhibits a glucose-inducible surface protein that
promotes its adhesion to vaginal epithelial cells’®d, and an increase in this protein impairs the recognition of neutrophil
phagocyteslZ. Therefore, the migration of neutrophils is reduced and their functions, including phagocytosis, adhesion,
chemotaxis, and intracellular killing, are impaired, increasing the sensitivity to VVCRIBIA7IEE],

From a clinical perspective, women with diabetes are often unresponsive to standard antifungal treatment@6l47],
Compared with non-diabetic women, diabetic women are frequently colonized with non-albicans species, such as C.
glabratalZ374ZE] | impacting their treatment concept’Zy. In diabetic women with RVVC, discontinuation of the antidiabetic
agent should be considered22. The undesirable side effect of hyperglycemia caused by glucocorticoids has a similar
effect to that of non-drug-induced hyperglycemial’8l because the steroid hormones suppress the immune response,
increasing the susceptibility to VVCIZZ. In pregnant women with gestational diabetes, their diabetic state impairs metabolic
control and leukocyte functionf®! [Z8],

3.4. Lifestyle Factors

Various lifestyle factors can have a significant influence on the development of VVC. There is weak evidence for the
impact of nutrition on Candida growth, although some studies have reported that the consumption of food rich in sugar
and carbohydrates, as well as dairy products, can lead to increased fungal growth!Z8lZ3, |n contrast, others have reported
that yogurt, oat bran and flaxseed might have positive effects in preventing fungal growth [, Despite their theoretical
basis, these findings are not well substantiated.



Sexual behavior, especially oral sex, plays a role particularly for re-infectionsBl82l Reed et al. demonstrated that oral
microorganisms could be transmitted from the oral cavity to the vaginal8L83l84] Genital hygiene can also become a risk
factor for VVC, when poor personal hygiene and a high frequency of sexual intercourse increase the likelihood for
colonization®d, vvCI8 and RVVCEEIEA women should be advised to avoid excessive washing of the genital area and
the use of potential irritants such as perfumed soaps, bubble baths, powders or vaginal sprays(28l.

The use of tight clothing and synthetic underwear might also promote fungal growth due to the increased perineal
moisture and temperature!4283],

3.5. Other Exogenous Factors

Women who are colonized with Candida have a 33% higher risk of developing VVC after antibiotic treatment than non-
colonized womenBABARAIGL  However, the routine use of antimycotic treatment after antibiotic therapy should be avoided
because it fosters drug-resistant fungi®d. There are different theories about why VVC occurs more frequently after
antibiotic treatment. One of the theories involves the reduction or eradication of vaginal and intestinal lactobacilli caused
by antibiotics. As a result, affected patients lack protection from pathogenic microorganisms because lactobacilli have the
ability to adhere to vaginal epithelial cells and inhibit pathogenic fungal growth[23194],

Some lactobacilli have antagonistic effects on Candidal®219€l: their vaginal administration may lead to an adequate
colonization and reduction in fungal load22R4, |n vitro, lactobacilli have also shown direct fungicidal and immuno-
stimulatory effects28l, The interactions are manifold: lactobacilli can block the passage of pathogenic microbes from the
gastrointestinal tract into the vagina, modulate the host’'s immune response, influence epithelial defense and thus affect
the expression of VVC-induced inflammatory genes. Probiotics take advantage of these effects2d,
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