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Abstract

One of the most severe threats to world health is the Candida species. Many non-Candida
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species are the major cause of vulvovaginal candidiasis (VVC). During the development of VVC,
the host environment and Candida vaginal colonization are assumed to be out of balance, and this
might be owing to physiological or non-physiological changes. Host-related and behavioral risks
have been connected to VVC. Novel antifungal medications with particular molecular targets may
be developed with the use of molecular tools in epidemiological research and the study of resistant
Candida species. Using the Vitek-2 Antifungal Susceptibility System, this review will explain the
many approaches used to identify and characterize Candida species isolated from vulvovaginal

candidiasis patients.

Introduction

Genus Candida has a vast range of species that may be
found in nature and a variety of settings, including hospitals
as well as people, and domestic and wild animals [1]. These
yeasts can colonize the mucosal surfaces of respiratory,
vaginal, and urinary digestive systems, and the nails, scalp,
and mouth cavity [2]. Non-symptomatic colonization may
become infected when Candida species take over, as opposed
to commensal species. They are described as opportunistic
and may vary from innocuous to harmful depending on the
host’s environment. However, in immunocompromised
individuals, significant systemic Candida infections may arise
[3]- Candida organisms enter the lower genital system mostly
via the perianal region, which is close to the genital tract [4].
The delicate balance between Candida organisms and vaginal
defense systems may be maintained by vaginal commensals
such as lactobacilli and immunological responses, but a
change in the host vaginal/vulvar microenvironment can
lead to vulvovaginal candidiasis [5].

https://doi.org/10.29328/journal.apcr.1001031

A mutation in a gene or other modification of the drug
target is often to blame for Candida species’ resistance to
antifungal medicines [6]. It has therefore been possible to
identify and characterize Candida species using numerous
viable molecular approaches. Particularly in the case
of Candida species with a high level of resistance, these
approaches are helpful in the development of new antifungals
and epidemiological research with particular molecular
targets. An overview of current knowledge on Candida
species identification and characterization is presented,
along with predictions for the future.

General features: candida species

These yeasts are ovoid or spherical, pleomorphic,
unicellular microorganisms with an incomplete sexual cycle.
Candida species may be isolated from soil, plants, water,
and other habitats. They are found commensally in healthy
people’s skin, vaginal mucosa, oral cavity, respiratory tracts,
and gastrointestinal tracts [7]. Additionally, they may break
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down proteins and carbohydrates to get the carbon and
nitrogen they need to grow [8].

Pathological, physiological, mechanical, and iatrogenic
variables may all have an impact on how an autochthonous
Candida species interacts with its human host. As a
consequence, Candida species may cause a wide spectrum of
infections with a wide range of clinical presentations, from
superficial benign forms to invasive ones that harm several
organs and cause death in the host [9]. Nearly 200 different
Candida species exist, of which five - C. tropicalis, C. albicans,
C. glabrata, C. parapsilosis, and C. krusei are responsible for
more than 90% of invasive infections [10-12].

Individuals with superficial as well as intrusive infections
of diverse anatomical locations are most often found to
have C. albicans in case of studies from throughout the
world [13]. Several of its most prominent pathogenic
mechanisms include proteinases and phospholipases, as well
as its capacity to adhere to various mucosal membranes and
epithelia and create filamentous structures that aid tissue
penetration. Such organisms are inherently susceptible to
antifungal medications when administered systemically,
however, long-term antifungal treatment patients have been
shown to develop acquired resistance to azoles, particularly
fluconazole [14].

There is 20% to 24% of blood-borne infections in Latin
American countries, where Candida tropicalis is present,
notably in elderly patients and those suffering from
neutropenia and diabetes mellitus [15,16]. Amphotericin B
and triazoles are usually effective against clinical isolates of
this species [17], however, drug resistance to these drugs,
notably fluconazole, has recently been found and described
[18].

Additionally, the species C. krusei and C. glabrata have the
potential to be pathogenic [15]. The second most common
blood-borne infection isolates in the US is C. glabrata. There
has been a rise in fluconazole-resistant isolates, reduced
amphotericin B sensitivity isolates, and cross-resistance in
this species to other azole-class medicines [14]. It has been
shown that C. krusei may sometimes be a hospital pathogen,
especially in patients who are receiving bone marrow
transplants or who have hematological malignancies. Flu-
conazole is inherently toxic to C. krusei [19].

From medical research and parenteral feeding solutions,
C. parapsilosis has been identified [20]. This yeast has
been identified as a significant contributor to skin-related
infections that resultin candidemia [21]. This species’ clinical
isolates are often susceptible to all antifungal medications,
notably azoles and amphotericin B. However, isolates with
decreased sensitivity to fluconazole have been observed
in clinical investigations [22]. As a group, the Candida
species have considerable clinical significance because of
their capacity to colonize and infect the body of humans.
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As a result, the kind of yeast causing an infection is to be
precisely identified and diagnosed before the right antifungal
medicine must be prescribed. Phenomenological techniques
for the identification and categorization of Candida species
rely on the physical and biochemical characteristics of
these organisms. Testing for enzyme activity, assimilation
capability, and substrate fermentation are some of the
most popular phenotypic approaches used to identify and
characterize Candida species [23].

For the diagnosis of Candida species infections, many
commercial products and techniques have been developed
by clinical microbiologists [24]. Among them are semi-
automated and fully automated agar plates containing
chromogens, Kkits, and panels for presumptive or definite
identification of the most common species [25,26]. Because
certain species of Candida have minimal morphological and
biochemical changes, using simply phenotypic testing is not
very efficient for identifying these species. Phenotypic and
molecular approaches may be used to boost the accuracy of
this identification.

Virulence factors of candida

It was formerly thought that only an organic weakness or
an immunocompromised host could initiate an opportunistic
fungal infection and that Candida germs passively assisted
in this process. Virulence factors, as they’re often called, are
processes those yeasts employ to become more aggressive
and contribute to disease etiology [27].

Adhesion

Candida must adhere to host surfaces to first colonize
human tissues, as it also helps the microbe stay alive within
the host and is crucial for the development of infection [28].
Studies have shown that some species of Candida may cling
to these cells. Additionally, some species of Candida may
stick to the medical device’s surface, often encouraging
infections linked to such devices, such as Vulvovaginal
candidiasis in women using intrauterine devices (IUDs) as
a means of contraception [29]. Candida cells first adhere to
both biotic and abiotic surfaces by the action of adhesins,
which are specialized cell-surface proteins that facilitate
this process [30]. Laminin, fibronectin, collagen, vitronectin,
and entactin are examples of extracellular matrix proteins
and components that are recognized by adhesins as host
ligands. Hydrophobic interactions are also used to facilitate
adhesion to abiotic surfaces [31]. An ALS gene family of
C. albicans has eight members (ALS1-7), which encode a
considerable number of adhesins (ALS1-9). For women
with VV(C, Cheng, et al. discovered that all seven ALS genes
were expressed in the vaginal tissues, but that only four of
those genes were expressed more often than the other seven.
C. albicans ALS gene expression is also regulated by variables
specific to the host site, as shown by this study group. All
of the ALS genes were detected in the C. albicans-infected
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RHVE, with ALS3 and ALS6 displaying the highest expression
and ALS7 showing the lowest expression. RHVE co-infection
with C. albicans and C. glabrata reduced the expression of
EPA genes, but the ALS genes were virtually the same except
for an increased expression of ALS3, which was not evident
in a single infection [32,33].

Development of biofilms

Accumulations of biofilms are thought to begin with
Candida cells attaching themselves to surfaces such as skin
or medical devices. A biofilm is a bacterial population that
adheres permanently to a surface and has its extracellular
matrix [34]. Biofilm communities are the most frequent
form of microbial growth, accounting for up to 80% of
all microorganisms found in the natural world. Microbial
biofilms are also thought to have a role in more than half
of all human infections. For example, biofilm-grown fungi
are more resistant to antifungal medications, the host’s
defense mechanisms, and physical and chemical stress than
planktonic counterparts. Furthermore, biofilm cells show
cooperative metabolism, community-based gene regulation,
and the ability to withstand the pressure of competition
from other species [35]. Because of the protection provided
by biofilms, bacteria are better able to survive in severe
environments. Antifungal treatment has been discovered
to be up to 1000 times more effective on biofilms than on
their planktonic comparable cells. This is the most important
clinical property of biofilms [36]. However, the mechanisms
by which Candida biofilms resist antifungal therapy are still
a mystery. Multifactorial factors such as cell density, the
presence of persisted cells, and stress tolerance, all contribute
to biofilm resistance to antifungal drugs. In the formation of
mature biofilms, environmental conditions, species, strains,
and strain combinations all play a vital influence. Candida
species may build biofilms on the vaginal epithelium and on
IUDs, which can increase VVC in the vaginal environment
[37].

Additionally, Candida infections are known to be difficult
to treat because they produce biofilms in which many species
coexist. While Candida biofilms that are not mono species
are rare, most study is focused on Candida biofilms that
are. Diagnostic and therapeutic challenges abound when
dealing with mixed-species biofilms, necessitating multidrug
treatment regimens of the highest order. Mixed biofilms,
especially those including Candida and bacteria, may provide
clinical challenges since antimicrobials designed to target
a single species can promote non-targeted organisms to
persist in infection. Biofilm formation on the vaginal mucosa
has been shown in investigations using Candida species and
vaginal bacteria like Gardenerella vaginalis, the causative
agent of bacterial vaginosis (BV). However, nothing is known
about how vaginal mucosal mixed Candida-bacteria biofilms
arise. Women often seek medical attention due to vaginal
infections, but little is known about how prevalent combined
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infections-in particular, VVC and BV—are. The first paper
describing the frequency of BV, VV(C, yeast colonization,
and mixed infection was recently published by Rivers, et al.
(2011). In this research, 72.5% of patients had BV diagnoses,
whereas 15.7% had VVC diagnoses. 33.1% of BV-positive
females had yeast colonization, and BV/VVC mixed infection
was prevalent overall at 4.4%. After receiving antibiotic
therapy for BV, the authors hypothesized that women may
be more susceptible to VVC if they had a yeast infection
or colonization. In fact, according to certain research,
metronidazole or clindamycin therapy for BV often results in
VVC. The outcome revealed that women with BV and yeast
in their vaginal environment may either have symptom
alleviation from therapy focused on one infection, or
develop Vulvovaginal candidiasis from antibiotic exposure,
depending on the severity of their illness. There may be little
data on the prevalence of vaginal mixed infections since most
illnesses in the vaginal area are diagnosed empirically rather
than by using objective data. Because of the magnitude of the
issue, mixed infections are probably not recognized as early
as they should be, which results in ineffective treatment [39].

Extracellular hydrolytic enzyme production

Candida species release a variety of hydrolytic enzymes
that are essential for adhesion, tissue penetration,
invasion, and tissue annihilation [40]. Alterations in host
immunological response are connected to Saps’ ability to
cling to and harm host tissues. There are currently 10 SAP
genes (SAP1-10) in C. albicans, three SAP genes (SAPP1-3)
in C. parapsilosis, and at least four SAP genes (SAPT1-4) in
C. tropicalis. However, the vast majority of NCAC species’
genes remain unidentified. Only one study has shown that
C. glabrata can create proteinases; however, the kind of
proteinase it makes is yet unknown. Unlike other forms of
proteinases, Saps only exhibit proteinase activity at an acidic
pH of 4.0. This characteristic is crucial for vulvovaginal
candidiasis since the vaginal environment is acidic (pH
approximately 4), creating favorable circumstances for
Saps activity. According to Mohandas and Ballal (2011),
who identified a relationship between Sap production and
strain separation, patients with candidiasis demonstrated
greater proteinase activity in vaginal isolates than in urine
or respiratory isolates. According to these findings, VVC
patients exhibited greater levels of SAPs expression and
proteinase activity in their Candida species than carriers
with no symptoms or no signs of VVC infection [41].
Additionally, it has been shown that there is a robust and
precise association between vulvovaginal candidiasis and
the expression of Candida albicans. In contrast to respiratory
and cutaneous isolates, individuals with candidiasis had a
higher concentration of phospholipase-producing strains
in their vaginal isolates, according to Mohandas and Ballal
(2011). The PLB and PLD gene families were also shown
to be expressed in RHVE infected with a variety of Candida
albicans strains, as reported by Alves, et al. (2014b). PLD1
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displayed the greatest expression level, suggesting a possible
function for this component in RHVE injury. Triacylglycerol
hydrolysis is a step in the lipase process, which has been
linked to immune cell destruction, host tissue damage, and
Candida adherence. In particular, their unique relationship
with the anatomical location of the infection, these enzymes
are less well understood than Saps and phospholipases. The
hemolysins that Candida species generate help the body
regain iron, which is necessary for the organism to survive
and remain within the host [42,43].

Phenotypic switching

Most Candida species have colonies that may rapidly flip
between various morphologies. When it comes to NCAC
species, the phenotypic flipping is far less well-understood
than it is in C. albicans. Researchers say that the core of
C. glabrata may change color from white to light brown or
even black depending on the amount of light and darkness
in the environment. Brockert, et al. (2003) found that dark
brown colonies predominate in the vaginal isolates of VVC
patients. Virulence attributes like adhesion, drug resistance,
and Saps secretion may be affected by phenotypic switching;
these changes may impact the ability of the pathogen to
survive in certain anatomical areas and promote infection as
a result of the changes in the pathogen’s behavior. Vaginal
isolates acquired during VVC and RVVC are high-frequency
modes of switching, however, the exact contribution of
phenotypic switching to Vulvovaginal candidiasis is still
unclear. RVVC recurrences were also discovered to have
varied colony morphologies, although the DNA genotyping
was always the same. Anatomical site-specific environmental
variables affect every virulence component involved in
Candida pathogenicity [44,45].

Identification and characterization of candida species

Genome sequencing: C. albicans SC5314 genome
sequencing project began in 1996. Tools that could anticipate
and identify genes in the sequence were required for this
purpose. A total of 6,354 genes were identified, although the
DNA sequences of certain individual chromosomes remained
unknown. Genome comparisons of C. albicans and other
fungus species have identified multiple genes that might be
viable targets for antifungal treatments, as shown by this
study. The coding sequence of the Candida Albicans genome
was found to be abundant in short tandem repeats compared
to other fungi (STRs). Numerous multi-gene families
observed in C. albicans, many of which were associated
with pathogenicity, could be identified and studied in depth
[46,47].

Butler, et al. [48] suggested the sequencing of Candida
(WO0-1), C. tropicalis (CPT-1), and Lodderomyces elongisporus
(a close cousin of C. parapsilosis), as well as comparison to
C. albicans SC5314 and a marine yeast infrequently linked
with Candida (Debyomyces hansenii) genomes. According
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to Butler, et al. [48], the number of protein-coding genes
in each of the species analyzed varied between 10.6 and
15.5 Mb. Candida pathogenicity has been related to 64 gene
families, according to researchers. Six of these families have
their pathogenicity previously related to the ERG3 gene,
which is a component of the ergosterol synthesis pathway.
Faster progress in figuring out the molecular mechanisms by
which Candida and Non-Albicans Candida become pathogens
has been made possible because of the availability of the
genomes of both [49].

It has been possible to avoid the limitations of conventio-
nal methods of phenotypic identification by using molecular
biology techniques for specific Candida species. MtDNA and
ribosomal DNA (rDNA) analysis are the cornerstones of fungi
molecular systematics [50].

Mitochondrial cytochrome C oxidase subunit 1 was
identified as the molecular marker for species identification
in this study (COI). The Consortium for the Barcode of Life
has chosen this gene for the categorization of all organismal
groupings, including fungi, some fungal genera, such as
Penicillium, may be reliably identified using COI, while
findings in other groups that have been experimentally
tested are inconclusive [51-54].

Genes for ribosomal proteins are found in every known
creature. Thus, it is possible to rebuild the phylogenies of
prokaryotic and eukaryotic organisms using this gene. A
low nucleotide substitution rate, however, makes it difficult
to tell among closely related species in the 18S rRNA gene.
Ribosomal genes, on the other hand, show that species have
diverged over millions of years [55].

D1/D2 region and the Internal Transcribed Spacer
regions (ITS 1 and ITS 2) have proven useful in species-
level identification of closely related filamentous fungus
or yeast species and subunits of rDNA for species-level
identification (Figure 1). There are 100-200 tandem repeats
in both ITS1 and ITS2 that comprise both highly conserved
and variable regions [56]. The Consortium for the Barcode
of Life has approved these areas as standard markers for use
in bar-coding for the majority of fungal taxa [57]. According
to Kurtzman, et al. [58], there is substantial genetic
differentiation in the D1/D2 area, which allows ascomycetes
to be differentiated. Using this area and the ITS regions,
scientists have been able to identify many fungal species,
including Candida species, and determine their evolutionary
connections (phylogenies). Molecule-based phylogenies may
be used to identify higher taxonomic categories, such as the
Fungi kingdom, as well as the evolutionary divides between
species [50].

Phylogenetic analysis: Phylogenetic tree diagrams
are often used to demonstrate the evolutionary history of
chemicals, animals, or both [59]. It is possible to categorize
phylogenetic approaches according to the distance,
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Figure 1: Reconstituted human vaginal epithelium (RHVE) infected with C. albicans

(A), with C. glabrata (B) and co-infected with C. albicans and C. glabrata (C) [42].

character, and Bayesian inference they use. For phylogenetic
reconstruction, distances must be calculated, and topology
must be constructed in models that employ distances.

Microarray-based system: To better understand the
molecular structure, microarrays are a common tool. In terms
of strain identification, microarray-based technologies have
a bright future. They may provide a high degree of specificity,
sensitivity, and throughput capacity. Microarrays may be
used to identify individual genes or areas, and in particular,
ITSs, for molecular type-specific genotyping. As a result of
ongoing genome sequencing research in pathogenic yeasts,
whole-genome DNA microarray design is fairly simple [60].

Multilocus sequence typing: First, a sequencing-based
technique was used to identify and identify bacterial
pathogens [61]. Analysis of nucleotide polymorphisms in
“housekeeping gene” fragments generates a molecular cha-
racterization with high discriminating power and reliability,
which can be used for a wide range of samples [62]. Many
Candida species have already been studied using the MLST
method. Among them is C. albicans [63,64]. Seven key
C. albicans genes have been recommended for study based
on joint effort [65]. It contains ACC1, AAT1a, ADP1, ZWF1b,
SYA1, MPIB, and VPS13, which was later renamed PMI1 [66].
For epidemiological differentiation of C. albicans clinical
isolates, MLST was demonstrated to be helpful [63,64]. In
Tavanti, et al. [67], 416 C. albicans isolates from various
sources were analyzed for MLST and found to have four main
and eight minor clades. More C. albicans isolates (1391) were
tested for MLST analysis by Odds, et al. [68], and the number
of clades detected rose to 17. No correlation was discovered
between antifungal susceptibility and anatomical source,
however, there were statistically significant variations across
clades in ABC types and geographical origins. Additionally,
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Wang, et al. [69] found that C. albicans mitochondrial genes
are a suitable target for genotyping and population genetics.

The oral cavities and vagina of Chinese candidosis
vulvovaginal patients and asymptomatic carriers were
examined by Ge, et al. [70] for the presence of C. albicans.
These strains’ phenotypes were uncovered. CAI 30-45
and CAI 32-46, the two major genotypes linked with
vulvovaginitis, were shown to have considerably differing
azole-susceptibility levels. C. albicans isolates from various
genotypes and origins have varied mutation patterns in the
azole target gene ERG11. Two homozygous nonsynonymous
alterations in Ergl1p were discovered in CAI 32-46 isolates
when compared to the ERG11 sequencing of strain SC5314.
Antifungal treatment may be influenced by the genotype of
the C. albicans bacteria.

MLST for C. glabrata was created by Dodgson, et al. [71]
by amplification and sequencing of six gene coding segments
(FKS, LEU2, NMT1, TRP1, UGP1, and URA3). Two hundred
and thirty-three C. glabrata isolates from five geographically
and chronologically diverse populations were subjected to
MLST analysis, and the results showed that the six loci may
be used to evaluate genetic diversity and differentiation
among the species’ isolates [72].

A study by Tavanti, et al. [73] showed that MLST can
distinguish between C. tropicalis isolates with a high degree
of repeatability and discriminatory power exceeding 98%.
Of the 106 DST isolates examined, the technique was able to
distinguish between 87 of them. MLST investigation of the
C. tropicalis molecular phylogeny by Jacobsen, et al. [74]
found several recombination events in their examination of
the haplotypes of 242 isolates.

Only three of the 61 C. tropicalis isolates studied by
Magri, et al. [75] were found to be resistant to fluconazole,
although the Diploid Sequence Types (DSTs) could not be
linked to resistance. For the study of genetic diversity and
polymorphisms, MLST was shown to be a valuable tool by
the same researchers that discovered MLST. It has become
possible to molecularly characterize Candida species with
great success because of recent advancements in next-
generation sequencing (NGS). Antifungal resistance genes
may be accurately and thoroughly genotyped using this
approach. Candida isolates were studied using NGS to
determine their resistance to echinocandins and antifungals.
Forty isolates of Candida were examined for the presence
of six antifungal resistance-related genes (ERG3, ERG11,
TAC1, CgPDR1, FKS1, and FKS2) [76]. This is the first time
these SNPs have been published. Both the azole and the
echinocandin resistance genes were found to have new
genomic changes. In a strain of C. glabrata that was resistant
to echinocandins but sensitive to azoles, researchers found an
FKS2 S663P mutation as well as a unique CgPDR1 mutation
with a suspected loss of function. New mutations in the FKS2
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gene (S663A) and a possible gain-of-function in the CgPDR1
gene were found in yet another C. glabrata strain (T370I).
The results of this research reveal that next-generation
sequencing (NGS) may be utilized to examine the genetics of
antifungal resistance in great detail.

To better understand how Candida species, acquire or
develop resistance to antibiotics, genome sequencing
of Candida species is a useful tool. Antibiotic resistance
mechanisms may be discovered using omics technologies
such as the microbiome and the mycobiome as well as
the genome, transcriptome, proteome, metabiome, and
microbiome. This technology’s quick advancement in
automation makes its eventual regular deployment more
plausible as a prospect than the present low practicability
and feasibility of high-throughput sequencing procedures in
everyday clinical practice [77] Figure 2.

Vulvovaginal candidiasis

It is regarded to be VVC if there are no other infectious
agents present, yet Candida species is present. More than
one scholar has agreed on the categorization of VVC as either
simple or complex depending on the level of complexity.
Candida albicans cause mild to moderately severe bouts of
vaginal candidiasis in otherwise healthy women who have
less than four episodes per year [78].

Vaginalinfections such as bacterial vaginosis, tuberculosis,
trichomoniasis, and gonorrhea may all cause symptoms
similar to VVC. There are many typical symptoms, including
burning and itching in the vulvar area, as well as dyspareunia
and dysuria. Erythema, edema, and fissures in the vulvar and
vaginal areas are also prevalent. Antifungal creams, lotions,
and vaginal suppositories may be used to treat VVC. Nystatin,
for example, has a fungal infection cure rate of approximately
75% - 80%, whereas topical azoles (e.g., tetracycline) have a
cure rate of about 85% - 90% in uncomplicated cases [79].

When compared to topical treatments, oral azole drugs
(such as fluconazole and itraconazole) have equal cure
rates and most patients prefer oral administration since
it is more convenient. Oral azoles, on the other hand, may
have hazardous adverse effects. It is far more difficult
to treat more complex infections, like those caused by
NCAC species or accompanied by risk factors. Preventive
therapies such as topical vaginal recombinant mannose-
binding lectin use and anti-Candida vaccinations use have
been examined as potential preventions for VVC and anti-

[ws ] rDNA-Repeat | ws ] TDNA-Repeat |  n1s
9 8
[Ers[aeS ] rrs1 I_I—_[|‘rs‘.2| 285 [evs i8S irs1 [ s 265
588 | 585
D1/D2 DiI/D2
Region Region

Figure 2: Structure of fungal DNA. NTS: Non-Transcribed Spacer; ETS: External

Transcribed Spacer; ITS: Internal Transcribed Spacer; genes 18S, 5.8S and 28S
ribosomal the DNA [77].
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Candida vaccine use every year, VVC affects millions of
women and is widely recognized as a significant public
health issue. VVC is a significant source of mental suffering,
producing pain, considerable discomfort, decreased anxiety,
impaired job performance, and interfering with sexual and
emotional interactions, even though it is not related to death.
Furthermore, VVC has been linked to significant direct and
indirect financial expenses and an increased risk of HIV
infection. As a result of untreated pelvic inflammatory illness,
which includes infertility, pelvic abscess, ectopic pregnancy,
menstrual problems, and spontaneous abortion several
consequences have been listed. As a result, preventing
VVC, diagnosing it early, and treating it quickly is critical,
particularly among those who are at risk [80].

Microbiology of vulvovaginal candidiasis

Candida albicans, Candida glabrata, Candida tropicalis,
Candida parapsilosis, and Candida krusei are the most
prevalent Candida species linked with VVC. Normally, only
one species is detected, although, in certain women with
VVC (1% - 10%), two or more species have been discovered
[81]. Candida albicans and Candida glabrata are often found
together in mixed infections [82]. Candida albicans and
Candida glabrata are the two most prevalent species found
in women with VVC (Table 1). An ex vivo study found that
Candida glabrata penetrated vaginal tissue more readily
when Candida albicans and Candida glabrata were co-
infected [42].

C. albicans was historically the most common Candida
species found in women with VVC, accounting for 85% - 95%
of all cases [83]. However, recent studies have found
incidences of C. albicans below the historical average, with
some countries reporting rates as low as (Table 1). As a
result of the use of antifungal therapies that were overused
and improperly applied, researchers think NCAC species
have become more resistant to typical antifungal drugs than
C. albicans. Among patients with NCAC, RVVC species have
been isolated more frequently than among those who have
had sporadic VVC [84], which may be related to the fact that
patients with RVVC are more likely to have been exposed to
antifungals and to be using over the counter antimycotics
[85]. An increase in the number of NCAC species that cause
VVC, particularly C. glabrata, has been linked to advancing
age [87], uncontrolled diabetes [88], and HIV infection in
women [89]. In patients, hormonal imbalances and decreased
immune functioning are all factors that may contribute to
these correlations.

According to the researcher, NCAC species are more
resistant to the azoles, the most often prescribed family of
antifungal drugs. NCAC species, particularly C. glabrata,
which have inherently poor sensitivity to azoles and the
propensity to acquire high resistance to them, have been
demonstrated to produce VVC when treated with non-azole
antifungals, like flucytosine and boric acid. Women with VVC
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Table 1: Summarizing the susceptibility patterns of Candida species.

Species Anti-fungal resistance rates Antifungal Reference
Schmalreck AF, et al. 2012 Candida. spp 11.2% Amphotericin B [99]
Abbes S, et al. 2013; Abbes S, et al. 2014 C. glabrata 20.9% Fluconazole [42]
C. albicans 0.5% Fluconazole [101]
C. glabrata 11.1% Fluconazole
C. parapsilosis 2.5% Fluconazole
Pfaller MA, et al. 2015 C. tropicalis 4.5% Fluconazole
C. guilliermondii 20.0% Fluconazole
C. glabrata 1.3-2.1% Echinocandins
C. tropicalis 0.9-1.8% Echinocandins
C. albicans 1.1% Amphotericin B [100]
Zhang L, et al. 2015 ; -
C. krusei 3.4% Amphotericin B
Pfaller MA, et al. 2015 C. glabrata 6.8% Fluconazole [101]
C. albicans 1.5% Fluconazole [102]
Nieto MC, et al. 2015 C. parapsilosis 0.6% Fluconazole
C. glabrata 1.1% Fluconazole
C. albicans 3.4% Voriconazole
Wanjare S, et al. 2016 C. albicans 6.67% Caspofungin [103]
93% Fluconazole
Chowdhary A, et al. 2017; Calvo B, et al. 2016 C. auris 35% Amphotericin B
7% Echinocandin [104,105]

who have NCAC species in their vaginas are more likely to
be resistant to standard medications, which underscores the
need of testing vaginal samples for these organisms to help
doctors choose the best course of therapy for their patients.

Risk factors for vulvovaginal candidiasis

The vaginal microbial ecosystem is dynamic and ever-
evolving.Ifahost’s physiological ornon-physiological changes
disruptthe balance between Candida vaginal colonization and
the environment, yeast may thrive. Vulvovaginal candidiasis
may occur at random in a healthy woman, but it is often
linked to host-related and behavioral variables that modify
the vaginal environment, promoting the growth and spread
of the infection. Pregnancy, uncontrolled diabetic mellitus,
hormone replacement medicine, immunosuppression,
antibiotics, and glucocorticoid usage are among the host-
related risk factors. Oral contraceptives and intrauterine
devices (IUDs), spermicides, condoms, and other sexual and
sanitary behaviors are all linked to an increased risk of VVC
[90].

Antifungal susceptibility testing of candida species

According to several of the research previously listed
and many others, Candida spp. is susceptible to in vitro
infection. As a consequence of a variety of factors, it is
difficult to evaluate the different outcomes. These tests may
be carried out using a variety of approaches. The Clinical
and Laboratory Standards Institute (CLSI) in the United
States and the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) in Europe have developed
standardized procedures [91-93]. Methodological variations
include glucose content, inoculum size, microtitration well
form, and endpoint reading between the two broth dilution
procedures (visual or spectrophotometric). Polyenes, azoles,
and echinocandins tend to have comparable MIC values for
identical isolates, with a few notable deviations [94,95]. It's

https://doi.org/10.29328/journal.apcr.1001031

particularly important if you're testing for resistant isolates
[96]. Several “drug/bug” combos may provide a challenge to
testing, such as caspofungin and C. glabrata. Furthermore,
EUCAST (and Etest) studies show a trend to reduce MIC
values by one to two dilution steps. Commercially accessible
test instruments have also been thoroughly evaluated for
their capabilities. The Etest was shown to have a strong
correlation with the reference techniques [96]. The EUCAST
approach categorized 2.6% of the germs as resistant in vitro,
whereas the CLSI method classified 1.6% of the strains as
resistant in vitro (a very significant mistake) [97]. The Vitek
2 findings and CLSI and EUCAST results vary because of
discrepancies in clinical breakpoints recommended by the
two organizations. However, these findings show that despite
the large differences between CLSI’'s CBP and EUCAST, this
discrepancy only affects a small number of strains at this
time.

CLSI’s “susceptible dose-dependent” (S-DD) classification
of MIC data is used to categorize MIC results into S, I, and R,
respectively. This has made it difficult to compare and
appraise research where just percentages of S, I, and R
were reported. There may be many reasons for the stated
MIC50/90 values, including differing MIC distributions. As
a result, MIC distributions should be used to disseminate
useful surveillance data. In this way, the data may be analyzed
even if, for example, the CBP had been altered, as has been
the case in the past. As long as the antifungal medication
in issue is designed to target a specific species, in vitro test
findings would be safe in this case. To avoid arbitrary test
findings, CBP should not split WT distributions. N-WT strains
may be studied by monitoring the propagation of resistance
mechanisms in surveillance investigations [98].

VITEK 2 fungal susceptibility test

In clinical laboratories, the spectrophotometric approach
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for antifungal susceptibility testing has been shown to be
valid and practical [106,107] and is a key component of
the EUCAST method [108,109]. Before the incorporation
of spectrophotometry into commercially accessible testing
methods, labs had to deal with an antifungal susceptibility
testing technique that many considered difficult and
time-consuming to execute [110,111]. The antifungal
susceptibility test developed by bioMérieux (Hazelwood,
MO) recently enables the automated testing of Candida
species against four antifungal drugs (amphotericin B,
fluconazole, flucytosine, and voriconazole) using the VITEK
2 microbiology system [112]. Inoculum preparation, filling
of the device, incubation time and temperature, and MIC
endpoint determination may all be standardized by using
the fully automated VITEK 2 system, which has all the
important parameters for antifungal susceptibility testing.
Clinical labs will be able to conduct both fungal identification
and antifungal susceptibility testing concurrently utilizing a
fully automated and thoroughly standardized format if the
antifungal susceptibility test is added to the VITEK 2 system
[113]. VITEK 2 system MICs were shown to be in excellent
agreement with reference BMD MICs for amphotericin B,
fluconazole, flucytosine, and voriconazole in comparisons
of Candida spp. isolates. Antifungal susceptibility testing is
the first commercially accessible automated method, and
this technology offers the best possible standards. To top it
all off, the VITEK 2 system has a turnaround time of only 12
to 15 hours on findings that are as accurate as the reference
BMDs [114,115]. Quantitative antifungal susceptibility data
will play an important role in improving the management of
invasive candidal infections [116].

Patients with candidemia and their Candida species
identification and antifungal susceptibility testing (ID&AST)
findings from January 2017 to December 2020 were studied
by Andini Wulandar, etal. 2021 in a retrospective descriptive
study at Dr. Kariadi Hospital, Indonesia. During these four
years, the Vitek-2 system was used to determine Candida
species identification and antifungal susceptibility testing.
SPSS 25. Sav was used to evaluate the data once it was
collected. Distributive data was examined and displayed in a
table and a bar chart. A total of 85 different types of Candida
were found in the bodies of the 74 people who took part in
the study. The majority of candidemia cases were found in
patients under the age of one year old (58.10%) or in critical
care units (64.86%). Candida albicans and C. parapsilosis
were the three most prevalent species isolated throughout
the research period (25%). Fluconazole, Voriconazole,
Caspofungin, Micafungin, and Flucytosine were all shown
to be effective against 99.9% of Candida isolates, whereas
Amphotericin B was found to be effective against 95.77%
of Candida isolates. In 2020, a C. glabrata isolate developed
resistance to Echinocandins. Non-Albicans Candida was
shown to predominate in this investigation, which was
performed in a tertiary care Indonesian hospital [117].

https://doi.org/10.29328/journal.apcr.1001031
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Resistance mechanism and surveillance

Candida spp. has been shown to have a variety of
resistance mechanisms. The combination of multiple of these
pathways may progressively lead to clinically significant
resistance. Resistant fungi to fluconazole can be caused by
mutations in the drug target enzyme sterol 14-demethylase,
increased expression of ERG11, or overexpression of genes
for membrane transport proteins from the ABC transporter
(CDR1) and major facilitator families (MDR1), as well as
overexpression of ERG11 [118].

The echinocandin target enzyme 1-3-b-D-glucan synthase,
which is encoded by the gene fks1, was shown to be less
sensitive in Candida isolates that revealed mutations
in specific areas of fksl [119]. Reduced sensitivity to
echinocandins has been linked to changes in the serine at
positions 645 and 641 in particular [120].

MIC values, pharmacokinetics (reported as serum AUC),
and outcome [121] are all linked, at least in the case of
fluconazole. Since resistance to echinocandins has been so
restricted, it is impossible to establish a link between the two.
Adding to the dilemma is the fact that existing antifungals
do not meet the cure rates of antibacterial agents for germs
that are sensitive to them. Furthermore, at least in some
instances, the resistance mechanisms revealed were linked
to clinical failure in the individuals implicated [122,123].
According to the CLS], this has generated concerns about the
CBP [124,125].

The ARTEMIS program is one of the world’s biggest and
longest-running surveillance systems. Recent research [126]
compared fluconazole and voriconazole susceptibility data
for over 190,000 isolates collected between 2001 and 2007
and analyzed the resistance rates by year, geographic area,
and specimen type (including humans). According to their
findings, fluconazole resistance is more likely to be found
in uncommon species including N. norvegensis, C. glabrata,
inconspicua, guillermondii, kruseirugosa, and Famata. Pfaller,
et al. reported echinocandin MIC distributions. It has been
shown that echinocandin antifungals have a comparable
range and efficacy for a wide range of clinically important
Candida species examined. There are species with reduced
susceptibilities to all three echinocandins, including
C. parapsilosis and C. guilliermondii there is considerable
debate about the therapeutic implications of these higher
MICS values [127-131] (Table 2).

Conclusion

The commensal status of opportunistic Candida organisms
can only be changed from pathogenic to commensal by
altering the vaginal environment. Finding and controlling
risk factors may help prevent the spread of VVC infection.
Having a predisposition to VVC infection raises your risk, but
it is not a guarantee that you will get infected. Furthermore,
even in the absence of a recognized risk factor, VVC may
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Table 2: Agreement between results obtained by the Vitek 2 yeast susceptibility test and CLSI BMD method, with data classified by Candida species [132].

) . No. (%) of isolates with the result % Error
Species (n®) Test system Antifungal agent % EA s R % CA
Vitek 2 Fluconazole 23 15 46
100 96.4 0 0 3.6
BMD Fluconazole 24 12 48
C. glabrata : :
Vitek 2 Voriconazole 42 13 29
. 100 97.6 0 0 2.4
BMD Voriconazole 41 13 30
Vitek 2 Fluconazole 17 8 11
) 91.6 100 0 0 0
C. albicans BMD Fluconazole 17 8 11
Vitek 2 Voriconazole 94.4 27 4 5 97.2 0 0 2.8

still develop. Despite progress in study, a lot of processes Rev Esp Quimioter. 2010 Dec;23(4):158-68. Spanish. PMID:
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