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Introduction 

Although Candida yeasts are present as vaginal microbiota, presence of them always doesn’t lead to clinical symptoms. Interac-
tions between host defense functions besides synergism with a variety of microorganisms from the vaginal mucosa are the ones 
which maintain balance of vaginal surroundings. On breakdown of the vaginal ecosystem, overgrowth of Candida yeasts is helped 
that results in development of vulvovaginal candidiasis (VVC). VVC is an opportunistic mucosal infection being 2nd commonest vagi-
nal infection that affects women in reproductive age, affecting 75% of these women of which 50% at least get recurrence of the same 
infection once. Recently globally it has been found candidiasis is becoming a threat especially for women with poor immunity spe-
cially those with HIV infection. Further not only the original conventional candida albicans is becoming responsible for the infection 
with candida but other species like C. tropicalis and C. parapilasis and C. gabratus ar becoming the pathogenic organisms involved in 
causing VVC not only in nonpregnant women but also in women with pregnancy where it is becoming a threat for the fetus as well. 
Here we review the role of various Lactobacillus species, their biosurfactant properties and role of moonlighting proteins in the viru-
lence of candida, besides further measures to reduce the virulence and treatment of VVC effectively. 

Although Candida yeasts are present as vaginal microbiota, 
presence of them always doesn’t lead to clinical symptoms. Inter-
actions between host defense functions besides synergism with a 
variety of microorganisms from the vaginal mucosa are the ones 
which maintain balance of vaginal surroundings [1]. On break-
down of the vaginal ecosystem, overgrowth of Candida yeasts is 
helped that results in development of vulvovaginal candidiasis 
(VVC) [2]. VVC an opportunistic mucosal infection being 2nd com-
monest vaginal infection that affects women in reproductive age 
[3], affecting 75% of women once in a lifetime, and 50% of them 
suffering a minimum of a single recurrence [3,4]. Initial symptoms 
of VVC are pruritus and soreness of the vulva, dysuria, white cot-
tage cheese like vaginal discharge along with dyspareunia. Quality 
of life gets affected by VVC besides predisposing to development 
of HIV susceptibility [5]. Though very little mortality is there with 
VVC symptoms =>marked morbidity mainly in women infected 
with human immunodeficiency virus (HIV) [6]. Moreover, women 
having vaginal colonization of Candida spp during 2nd trimester of 

Methods
Thus we used the search engine PubMed using the Me SH terms 

like vulvovaginal candidiasis; candida species; lactobacillus spe-
cies; drugs for treatment of VVC; Drug resistance; virulence; VVC in 
pregnancy; moonlighting proteins; probiotics; immunodeficiency 
and VVC. 

pregnancy have less neonatal birth weights and > preterm birth in 
contrast to colonization by other microbes [7]. 

Results and Discussion
We found a total of 3846 articles out of which we selected 50 

articles for this review. No meta-analysis was done. 

Role of Lactobacillus species in VVC

Frequent coitus, persons’ susceptibility, antibiotic use, along 
with contraceptive and spermicidal utilization, pregnancy, DM, and 
immunosuppression predispose to V V C development [5]. Usually 
the cause of VVC is candida albicans, but there has been marked 
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Normally Lactobacillus species colonize the human body, thus 
become a part of the resident microbiota, not causing any harm 
to host. During healthy state vaginal microbiota, Lactobacillus spe-
cies are partly the most abundant of the micro-organisms [12]. 
Lactobacillus species regulate the increased proliferation of a lot 
of pathogens that have the capability of producing organic acids 
along with antimicrobial compounds like hydrogen peroxide, bac-
teriocins, and surface active compounds, that include biosurfac-
tants (BSs) either by auto aggregation or by competing with each 
other for nutrients along with adhering areas in the vaginal epi-
thelium [13]. Still there is debate about the a etiopathogenesis of V 
V C. Increased susceptibility related to genetics, pregnancy, antibi-
otic use, along with contraceptive and spermicidal usage, Frequent 
coitus, immunosuppression are factors representing the increased 
likelihood of V V C development [2,14]. 

rise in V VC being caused by other candida spp [6,7] These include 
Candida glabrate, Candida parasitosis, Candida krusei, Candida 
tropicalis, that have been identified with greater frequency [8-0]. 
With > infections with other Candida spp the rate of recurrence 
along with resistance has started occurring [10,11]. 

Variety of surface active substances can be synthesized by BSc’s 
that have low molecular weight s. Surfactant along with emulsify-
ing properties are expressed by BSc’s and thus possess the capac-
ity to reduce the interface between2 phases of a heterogenous sys-
tem, further they possess antibacterial, antifungal, anti adhesive, 
and antibiofilm properties, besides having the ability to be utilized 
as major immunomodulatory molecules or in vaccines and gene 
therapy [15]. 

By definition probiotics are ‘’live organisms’’, which once given 
in enough quantities, give a health benefit for the host [16]. Vari-
ous researchers have documented the utilization of BSc’s that are 
synthesized by lactic acid bacteria (LAB) in both food along with 
health industries [17] In the food industries it can be utilized as a 
treatment for food contact surfaces, hence preventing biofilm de-
velopment, food additive /ingredient, and in residues therapy [18]. 
In health industry, their use might be associated with anti adhe-
sive function, that prevent the adhesion of pathogenic organisms 
to solid surfaces, like silicone rubber, surgical implants along with 
vinyl urethral catheters, or biological surfaces, like (urogenital and 
intestinal tract epithelial cells ) [17,19,20]. Also, BS may get uti-
lized in pharmaceutical fields in the form of agents for respiratory 
failure, immunological adjuvants. Other than that, BS get utilized 
for respiratory failure as pharmacological agents, an immunologi-
cal adjuvants, recovery of intracellular products, antimicrobial ac-
tivity, antiviral activity, anticancer effect, besides as substances to 

stimulate fibroblast metabolism [21]. LAB interference In pathogen 
colonization in colonization of pathogen takes place through mul-
tiple modes of action that includes production of BS [22]. 

An other mechanism for interference with or preventing colo-
nization through pathogen microorganisms is use of surface active 
compounds, and thus avoid the progression of infections. Currently 
Lactobacillus species have gained importance in view of antago-
nistic actions against multiple pathogens that they possess, which 
points to potential therapeutic or prophylactic use for some infec-
tious diseases [23]. Carmo., et al. had earlier shown that Lactobacil-
lus fermentum ATCC23271 showed antagonistic action on candida 
spp in vitro and further inhibited yeast adhering to HeLa cells and 
mucin [24]. But the actions and anti- candida mechanisms of Lacto-
bacillus BS’s are still not clear, particularly those related to resident 
Lactobacillus spp. 

Thus dos Santos., et al. examined the antagonistic action of vagi-
nal Lactobacillus spp on candida albicans to confirm if active sub-
stances of Lactobacillus spp possessed antifungal and ant virulence 
activity. On antagonism assay it was found that 15/20 Lactobacil-
lus strains possessed an inhibitory action against candida albicans. 
Biosurfactants showed surface - tension-decreasing property and 
best results were obtained for Lactobacillus gasseri 1 and Lacto-
bacillus rhamnosus ATCC 9595, Lactobacillus Acidophillus ACTT 
4356, and Lactobacillus paracasei 11, that produced Biosurfactants 
which reduced candida albicans adhesion and prevented biofilm. 
Most optimum results were achieved in the pre-incubation assay 
for L. gasseri 1 and L. paracasei 11. In total, Lactobacillus strains 
displayed significant anti- candida action, and their Biosurfactants 
demonstrated significant anti- adhesion and anti- biofilm effects 
against candida albicans. For demonstrating biosurfactant (BS) 
safety needs to be evaluated through cytotoxic assays [25]. 

Istanbullu., et al. evaluated the antifungal actions of different 
lactic acid bacteria which were identified from the vagina of healthy 
women on some Candida spp isolated from the vagina were exam-
ined by agar diffusion technique. Most of the lactic acid bacteria 
which belongto the species of Lactobacillus crisbatus. L. fermentum, 
L. Acidophillus, L. paracesei subsp. Paracesei L. pentosus and L. plan-
tarum demonstrated antifungal actions in differing ratios against C. 
albicans, C. glabrata, and C. tropicalis strains found from the vagina 
Thus concluding that the lactic acid bacteria are useful microorgan-
isms that are related to various probiotic characteristics. With this 
in mind their lactic acid bacteria isolates with great antifungal ac-
tivity might be important candidates as probiotic microorganisms 
in inhibiting the vaginal candidiasis, that is one of the most preva-
lent difficulties, or in the protection against candidiasis. They plan 
to continue studies on this area [26]. 
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VVC in pregnancy

Various publications have demonstrated that candida preva-
lence is > in pregnant women as compared to non pregnant women 
and has a tendency to rise as pregnancy proceeds [28]. Data com-
ing out further shows that VVS during pregnancy may be related to 
> risk of premature rupture of membranes (PROM), preterm labor, 
chorioamnionitis and congenital cutaneous candidiasis [29]. 

Causes of > risk of VVC in pregnancy are associated with physi-
ologic alterations like a reduced cellular immunity, increased hor-
mone levels, decreased vaginal pH, and elevated vaginal glycogen 
concentrations [28, 30]. Further colonization of candida is also 
thought to be secondary to use of broad spectrum antibiotic and 
has been recurrently correlated with a reduced colonization of 
Lactobacillus, possibly secondary to interference with epithelial 
binding sites [5]. Once the balance between candida, normal bac-
terial flora along with immune defense mechanism goes haywire, 
and thus colonization gets replaced by infection. As per most re-
ports candida albicans causes largest numbers of VVC = > 85 - 90% 
of episodes where vaginal candidiasis presents with symptoms [5]. 

Efficacy of various antifungal agents

Various virulence determinants and increasing resistance 
against antifungal therapy have led to the pathogenicity of candida 
albicans. But association in between resistance profiles along with 
patterns of virulence of candida albicans has not been examined 
properly. Thus El-Houssaini., et al. collected vaginal swab speci-
mens from 65 subjects, and studied the species level. They checked 
the susceptibility of isolates against different antifungal drugs like 
amphotericin B, nystatin, clotrimazole, fluconazole, voriconazole 
and micafungin), along with their minimum inhibitory concen-
trations (MIC’s) as per the Clinical and Laboratory Standards In-
stitutes (CLSI) guidelines Regarding virulence patterns studied 
were secreted hydrolases (phospholipase, aspartyl protease, and 
haemolysin), cell surface hydrophobicity, and biofilm production. 
They correlated resistance profiles and virulence patterns of the 
candida albicans isolates examined. Different levels of resistance 
and virulence patterns was displayed by the isolates of candida 
albicans examined. Moreover, a significant (p < 0.05) positive cor-
relation between amphotericin B MICs and biofilm production was 
found. But significant (p < 0.05) negative association was found 
between fluconazole and voriconazole MICs and cell surface hy-
drophobicity along with biofilm production. Furthermore signifi-
cant (p < 0.05) negative association was observed between vori-
conazole MICs and aspartyl protease synthesis. Thus concluding 
how this research showed significant association between resis-
tance profiles and virulence patterns of candida albicans isolates 
that were obtained from vulvo vaginal specimens [27]. 

Besides candida albicans, other candida species that are now being 
shown as the causative agents for VVC, are C. glabrata, C. tropicalis 
and C. krausei, but have lot of differences as far as epidemiology, 
virulence, and antifungal drug susceptibility is concerned [3,4,31]. 

In neonates candidiasis that has invading properties has started 
causing late onset sepsis, with mortality rates approaching as much 
as 25 - 35% [32]. There has been an increase by 11 times in the past 
15 years, with candida species being responsible as the 3rd most 
common organism that is isolated in low birth weight infants hav-
ing late onset sepsis [32]. 

Thus Ghaddar., et al. tries to estimate the prevalence of risk fac-
tors of VVC in pregnant women at 35 - 37 weeks of pregnancy. They 
also tried to find any probable association between VVC and vagi-
nal colonization with separate organisms like Group B Streptococci 
(GBS) and bacterial vaginosis. Thus across 1 year period they col-
lected high vaginal swabs from pregnant women presenting during 
their routine antenatal check (ANC) up in separate polyclinics in 
Beirut and South Lebanon. Swabs got cultured on Sabourad Dex-
trose Agar, and identified Candida isolates with the use of Chroma-
tis Candida medium and Germ tube test. They identified V V C in 44. 
8% of samples with C. glabrata (44. 4%) and candida albicans (43. 
4%) being the maximum isolated species. Roughly 50% of pregnant 
women (57. 7%) had coinfection of candida and bacterial vagino-
sis, in comparison to 26%of them having candida species with GBs. 
No association was observed between the presence of VVC and de-
mographic clinical, medical and reproductive health properties of 
pregnant women. Reversely those who participated with history of 
previous miscarriages and those that had been hospitalized in the 
last 12 mths had > chances of acquiring vaginal, C. krausei infection 
as compared with other Candida spp (p = 0. 0316 and p = 0. 0042, 
respectively). Thus conclusions drawn were that the prevalence of 
VVC in pregnant women has taken a rising trend in their commu-
nity. Hence routine medical examination with regular screening for 
candidiasis in the antenatal care programmes is recommended for 
treating the disease and avoiding its complications [33]. 

Role of moon lighting proteins

Pathogenic microorganisms have the ability to adjust easily 
to variety of environmental surroundings, that they exploit when 
colonizing new infectious niches in a host organism. At the time 
of the start and progression of infectious process, these microbes 
especially have to deal with variations in temperature, pH, and 
osmolality, different oxygen and nutrients, oxidative stress along 
with the host immune response. Besides using full suite of typical 
virulence factors, like hydrolytic enzymes, toxins or adhesins, less 
apparent or not well known actions which allow survival of the mi-
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crobes in the presence of unsuitable environmental surroundings. 
Cell surface enzymes which have their origin in the cytoplasm in 
the pathogens is an unusual mode, involved basically in neces-
sary intracellular metabolic processes like the citric acid cycle, or 
the pentose phosphate pathway [34]. A cellular position, which is 
completely separate from the initial points to some other function 
of these factors which is not the result of gene fusion or splicing 
variations. The phrase ‘’moonlighting proteins’’ was thus given be-
cause of this [35]. What the functional point involved here is the 
use in a successful manner by different species of pathogenic bac-
teria, where surface exposed ’moonlighting proteins take an im-
portant part in the adhesion to host cells and tissues, with binding 
of different proteinaceous targets within the host organism, evad-
ing the immune system [36]. 

Same process has also been revealed for yeast like fungi from 
Candida genus. Thus these microorganisms have the ability to 
become a threat to humans which can not only result in repeated 
superficial infections of the skin along with mucosal surfaces, but 
can also become invasive, causing systemic infections mainly if the 
host has impaired immunity [37]. Various moonlighting proteins 
that are present on cell surface of C. albicans, C. tropicalis and C. 
parapilasis have been recognized as binding partners for human 
extracellular matrix proteins [38], plasminogen and complement 
system and kinin generating system [39,40], and also as molecules 
which mediate the fungal cells binding to human cells [41]. Fur-
thermore, moonlighting proteins from a variety of candida spp can 
act in bringing about the adhesion of fungi to medical devices that 
are made up of silicone or polyvinyl chloride [42]. 

A probable protective role of surface exposed moonlighting 
proteins has been hypothesized, that as a response to oxidative 
stress caused by H2O2 in C. albicans C. krausei and C. parapilasis. 
Different metabolic enzymes that are present in the cell wall of 
these fungi grown in liquid media or in sessile cells that formed 
biofilms might be depicting a primary line of defense against 
ROS produced at the time of phagocytic respiratory burst along 
with the typical antioxidant systems was shown [43]. This action 
in conjunction with the capacity to adhere to various biotic and 
abiotic surfaces and for affecting the action of plasma proteolytic 
cascades, that can markedly add to the virulence of candida organ-
isms. On host invasion along with colonization of new niches by 
fungal cells needs a dynamic adjustment of these microorganisms 
to the new environmental surroundings, that includes variation in 
their cell wall proteome [44]. But considering the marked altera-
tion in frequency of infection initiated by a specific candida spp. 
Have been seen and the species besides C. albicans, in particular 
C. glabrata, C. parapilasis and C. krausei have been found to be the 

cause of superficial and invasive candidiasis [45], special emphasis 
needs to be made on the pathogenicity associated contribution of 
these species, since these are being revealed in a > amount as an 
important threat for those subjects having low immunity. Regard-
ing C. albicans the cell wall structure and changes in its proteome 
is well studied in a relative term, but few publications on the com-
position of the cell walls of other species of candida genus exist. 
Of the proieins that are there in the cell surface of C. albicans cells, 
many moon lighting proteins have been consecutively reported, 
that include, enolase (Eno 1), glyceraldehydes 3 –phosphate de-
hyrogenase (Tdh3), alcohol dehyrogenase (Adh1), phosphoglyc-
erate kinase (Pgk1), transaldolase (Tal1), pyruvate decarboxylase 
(Pdc11) and others [46]. In view of marked differences in virulence 
activities between species can be present, that includes separate 
protein exposition at the cell surface, this may cause differences 
in pathogen-host interaction, a rise in the incidence of candidiasis 
between species other than the well studied C. albicans and higher 
problems in the therapy of such infections. Thus Karkowsa-Kuleta., 
et al. used cell surfaces having with the help of trypsin and a shot-
gun proteomic approach to describe the surface exposed proteins 
of 3 important nonalbicans candida spp. - C. glabrata, C. parapilasis 
and C. tropicalis. These proteinaceous parts were isolated follow-
ing the growth of the fungal cells in different culture medium that 
included artificial urine and vaginal -mimicking medium, under 
aerobic conditions and in anaerobically rich YPD medium. Various 
known proteins taking part in cell wall maintenance and fungal 
pathogenesis were revealed at the cell surface just like a number 
of atypical cell wall parts - enolase (Eno 1), pyruvate decarboxyl-
ase (Pdc11), glyceraldehydes 3 - phosphate dehyrogenase (Tdh3), 
that are the so called moonlighting proteins. Importantly many of 
these proteins displayed marked upregulation at the cell surface in 
growth media simulating the conditions of infection as compared 
to defined synthetic medium. Thus concluding that moonlighting 
proteins are expressed under different conditions at the cell walls 
of the C. glabrata, C. parapilasis and C. tropicalis fungal pathogens. 
This points that a probable universal surface related part of these 
factors is present in the physiology of these fungi and the pathology 
of the infection they lead to [47]. 

Role of novel agents

Ibrexafungerip (IBX) (earlier SCY - 078), represents a novel glu-
can synthase inhibitor whose oral availability is being tested for 
efficacy against VVC. Bioavailability along with in vitro activity rep-
resent important efficacy indicators, but the susceptibility assays 
don’t predict correctly in the acidic surroundings like in the vagina. 
Larkin., et al. studies done were 3 fold i) pharmacokinetic study af-
ter oral intake in a murine model ii) susceptibility testing of isolates 
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from a phase 2 VVC clinical trial by CLSIM 27-A4 technique; and iii) 
susceptibility testing of candida albicans and C. glabrata removed 
from this trial group in RPMI 1640 adjusted to 3 separate pH val-
ues, 7.0, 5.72, and 4.5, in comparison to susceptibility testing for 
candida and fluconazole. IBX easily accumulated in vaginal tissues 
and secretions after oral intake. High in vitro action was shown 
against candida strains received at baseline and end of study visits. 
Furthermore the geometric mean (GM) values for IBX at pH 4.5 
were markedly lower as compared to pH 7.0 and 5.72. The MIC92 

values of candida continues to be same, irrespective of pH values, 
while those of fluconazole increased with lesser pH values. IBX can 
reach target tissues after orally giving at pharmacologically level 
that are meaningful. High in vitro action was shown by IBX, with-
out resistance, after consecutive exposure in the time of the clini-
cal trial. Significantly action of IBX in an acidic medium points to a 
therapy advantage of this novel antifungal in the therapy of vaginal 
candida infections [48]. 

Role of ketoconazole (KTZ) with special delivery system

Ketoconazole (KTZ) represents an antifungal drug having poor 
water solubility along with penetration capacity, is usually not ef-
fective in deep seated candidiasis. In view of these problems, Abd 
Ellah., et al. tried to develop a novel multifunctional carrier for KTZ 
through encapsulation for KTZ/β- Cyclodextrin (β-CD) co-ground 
mixture into chitosan/gellan gum gel-flakes (thread like and po-
lygonal structures). Evaluation studies showed the presence of 
electrostatic –derived complexes between negatively charged gel-
lan gum and positively charged chitosan. Gel flakes were put in in-
situ gel of pluronic (F-127). On the basis of gelation temperature 
(Tgel), viscosity and release studies; further they examined select-
ed formulations, demonstrating significant in vitro anti-candida 
action. Inspite of decreased dosage regimen (50mg/day for 3 days, 
KTZ flakes in situ gel was equally effective as Gynoconazol vaginal 
cream® (80, mg and virulence terconazole /day for 3 days) with 
regard to relief of complaints along with removal of candida. KTZ 
carrier possessing umpteen functions was on the basis of good 
spreading because of which It coated vagina evenly in view of flee-
flowing characteristics at the time of applying it, flakes getting en-
tangled in the folds of vaginal epithelium, release was sustained 
along with > penetration capacity of KTZ for reaching deep - seated 
infections. Thus concluding, flakes in situ gel might be thought of 
as a very good method for treating vaginal Candidiasis [49]. 

In a murine model of vulvo vaginal candidiasis, induced by can-
dida albicans Esposito., et al. showed that the topical treatment of 
grape seed dry extract and pea in a non pharmacological device 
significantly decreased the fungal burden in vagina and preserved 
Vaginal tissue architecture from candida albicans infection. Thus 

concluding the probable benefit of the association between grape 
and pea extract that is present in the device. In all these results 
pointed to the device being helpful antifungal agent and helpful 
synergistic device along with fluconazole in the treatment of clini-
cal vulvo vaginal candidiasis by candida albicans biofilms [50]. 

Conclusion
Thus here we have emphasized on how besides candida albi-

cans other candida species like C. glabrata, C. parapilasis and C. 
tropicalis are becoming increasingly pathogenic in the causation of 
VVC not only in nonpregnant women but also in pregnant women 
where their presence is associated with PROM, preterm labour 
along with low birth weight and greater cause of deep seated can-
didiasis in neonates and sepsis in the newborn. In women having 
lower immunity candida spp has become more dangerous and vir-
ulent besides resulting in greater resistance to the conventional an-
tifungal agents like clotrimazole, fluconazole. Role of Lactobacillus 
species present in parabiotics is one suggested method of treating 
these infections besides role of biosurfactants produced by them 
highlighted. Further role of moonlighting proteins is highlighted 
being present on the cell surface increasing adhesiveness etc. Dif-
ferent delivery systems have been advocated for making drugs like 
ketoconazole and others become effective like in gel flake form or 
device that ensures smooth coating of the vagina besides the drug 
getting trapped in the folded vaginal epithelium. 
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