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Abstract: Vulvovaginal candidiasis is an opportunistic infection that 

affects most women in adult life, but the defense mechanism remains to 

be elucidated. Animals treated with estradiol were inoculated with 

Candida albicans having high virulence power. The experimental 

control consisted of animal groups treated with estradiol and animals 

without treatment that were inoculated with physiologic serum. The 

vaginal wall was collected, at different times. The material was destined 

to the counting of Colony Forming Units (CFU), detection of PGE2, 

IgE and histological staining (hematoxylin and eosin, silver and 

toluidine blue) for the study of the infected vaginal section. 

Experimental infection was predominant due to hyphae and 

pseudohyphae parasitism, involving the keratinized layer of the vaginal 

stratified squamous epithelium, without compromise submucosal or 

muscular layer. Furthermore, it was observed mast and 

polymorphonuclear cells on vaginal tissue in response to the infection. 

On the other hand, IgE and PGE2 participated in the response to 

experimental C. albicans vaginal infection. The raise in these mediators 

matches with the load fungal increase during the infection evolution and 

with the presence of mast cell. These results suggest a probable atopic 

component involved in the vaginal candidiasis pathogenesis. 

 

Keywords: Immune Response, Vulvovaginal Candidiasis, Candida 

albicans, Mast Cell 

 

Introduction 

Candida albicans (C. albicans) is a pleomorphic 

fungus showing yeast, pseudohyphae and hyphae forms 

according to the environmental conditions (e.g., 

temperature and pH variation). This fungus is a diploid 

organism without meiosis division and its teleomorphic 

state has not been described yet (Bennett and Johnson, 

2005). The host tissue invasion is mainly due to C. 

albicans plasticity and production of adhesion factors 

and extracellular proteolytic enzymes, factors which help 

its virulence power (McCullough et al., 1996). C. 

albicans is the most important causative agent in 85-90% 

of Vulvovaginal Candidiasis (VVC) symptomatic cases. 

VVC is an opportunistic infection that affects 75% of 

women during their reproductive life and about 5% of 
them will develop Recurrent Vulvovaginal Candidiasis 

(RVVC) (Fidel et al., 1995; Carrara et al., 2010; 

Harriott et al., 2010; Yano et al., 2012). The mechanism 
of defense used by the host against this fungus is related 

to an activity of innate and adaptive immune response 
(Yano et al., 2012). However, the exact knowledge on 

how the putative immune system mechanisms of the 
female genital treatment react against this yeast is still 

unclear. Some evidences have shown the involvement of 

IgE and PGE2 production and also the histamine 
releasing by mast cells in the disease pathogenesis, but 

the cellular types involved in the immune response are 
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not totally clear (Witikin et al., 1988; Noverr et al., 
2001; 2002; Erb-Downward and Noverr, 2007). 

Several incidences of VVC and the emergence of 

RVVC, after antifungal agent treatments, stimulate the 

researches to elucidate the mechanisms involved in C. 

albicans pathogenicity and the vaginal immunological 

response pattern. Thus, the aims of this investigation 

were to evaluate the patterns involved in cell 

immunological response (mast cell and neutrophils) as 

well as to investigate the release of IgE and PGE2 during 

the murine vaginal candidiasis evolution. 

Experimental Procedures 

This research is an experimental study that was 

performed at Faculdade de Medicina de Ribeirão Preto-

USP (FMRP-USP). It was conducted according to 

ethical principles and started after the project had been 

approved by the Ethics Committee on Animal 

Experiments (CETEA) of that institution. 

Candida Albicans Sample 

C. albicans strains were isolated from patients with 

fungemia that were being treated at Hospital das Clínicas 

da Faculdade de Medicina de Ribeirão Preto, 

Universidade de São Paulo (FMRP-USP). The isolates 

were stored in sterile distilled water and stocked at the 

Fungi Collection of Medical Mycology Laboratory, 

Department of Cell Biology, Molecular and Pathogenic 

Bioagents (FMRP-USP). The microorganism 

identification was performed using standard methods for 

C. albicans characterization, such as: Germ tube 

formation in fetal bovine serum at 37°C, chlamydospores 

formation on corn meal-agar medium and auxanogram 

test. In order to perform this research, the strain that 

demonstrated high virulence aspect was chosen, 

parameter evaluated by phospholipase and proteinase 

activity measurement (Lacaz, 2002). 

Inoculums Preparation and Experimental Infection 

C. albicans was grown in Sabouraud dextrose agar 

with 50 mg L
−1

 chloramphenicol (SDAC) at 35°C for 24 

h. A fresh colony was then transferred to 5 mL of liquid 

medium and incubated at 35°C for 48 h in a shaker, 

followed by centrifugation at 2000 rpm for 15 min. The 

pellet was washed three times with sterile saline solution 

and then, resuspended in 1 mL of the same solution for 

counting cells in a Neubauer chamber. The inoculum 

solution was prepared in a concentration of 1.5×10
6
 cells 

mL
−1

 and serial dilutions were plated on SDAC to 

determine the inoculums viability. 

Three days before the experimental infection, 186 

BALB/c females mice 7-9 weeks old, obtained from 

FMRP/USP vivarium, were subcutaneously treated with 

0.02 mg estradiol valerate, diluted in 0.1 mL castor oil 

heated to 37°C. This treatment causes changes in the 

thickness and keratinization of the vaginal epithelium, 

providing a substrate for attachment, growth and 

formation of a biofilm by the fungus and optimizes the 

experimental infection conditions (Cassone et al., 

2007). Mice were intravaginally inoculated with C. 

albicans (1.5×10
6 

cells/20 µL in saline solution), using 

a blunt needle. Experimental control consisted of 

treated and non-treated groups with estradiol valerate, 

non-inoculated with the yeast, but with saline 

solution. Vaginal walls from the animals were 

submitted to counting of the colony-forming units, 

determination of local cellular immune response (mast 

and polymorphonuclear cells) and dosage of 

IgE/PGE2 in vaginal tissue during the course of 

vaginal infection by C. albicans.. 

Experimental Groups 

Three experimental groups were evaluated at the 

following times: 4, 24, 48 and 192 h.  

The right lateral vaginal wall was processed using an 

Ultra Turrax® T18 basic IKA® homogenizer (Cole 

Parmer-USA) for the first experimental group, aiming to 

determine the number of viable yeast cell during the 

infection course. The left lateral vaginal wall was fixed 

in 10% formaldehyde for the histopathological studies 

by the hematoxylin/eosin, Gomori Trichrome (Gomori, 

1950) and toluidine blue staining. 

The second group was perfused with 25 mL Phosphate 

Buffer (PBS) at 4°C to remove circulating blood cells 

from the vaginal mucosa. Vaginal wall was kept in saline 

solution for mechanical tissue grinding using an Ultra 

Turrax® T18 basic IKA® homogenizer (Cole Parmer-

USA). The obtained suspension was stored at -70°C, for 

subsequent PGE and IgE quantification by ELISA. 

The last experimental group had the vaginal tissue 

collected, immersed and fixed in 2.5% glutaraldehyde for 

electron microscopy analysis after the infection process. 

Vaginal Mucosal Yeast Quantification 

Vaginal wall from the infected animals was weighed 

and homogenized into tubes with 1.0 mL sterile saline 

solution with penicillin (100 U mL
−1

) and streptomycin 

(100 mg mL
−1

). The harvested homogenate was used to 

prepare the serial dilutions (1:10, 1:100, 1:1000), which 

were plated on ASDC for viable cells determination. 

Plates were incubated at 35°C for 48 h and Colony-

Forming Units (CFU) were quantified. Results were 

expressed as the CFU log average of five animals per 

infection time studied by the formula: 

 

Log 10 = [CFU average × (dilution × 2) × (X + organ 

weight)] 

X = Solution volume used for grinding the organ 
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Histopathological Analysis of Infected Vaginal 

Tissue 

Vaginal wall was fixed in 10% formalin and 10 µm 
thick histological sections were stained with 
hematoxylin/eosin and Gomori Trichrome (Gomori, 
1950) for histopathological studies, during all the course 
of infection. The analysis was performed in optical 
microscope Olympus at 100 and 400× magnification 
followed by photo documentation. 

Scanning Electron Microscopy (SEM) 

Vaginal tissues were collected and immersed in 2.5% 

glutaraldehyde, for 3 h for the fixation. Then the tissue 

was washed three times with 0.1 M phosphate buffer for 

5 min and post-fixated in phosphate buffered solution 

with 1% osmium tetroxide. A new wash was performed 

with phosphate buffer solution. This material was 

dehydrated in acetone 30, 50, 70, 90 and 95% for 15 min 

in each step and then in 100% acetone, three times for 20 

min. In the next step, the material infiltration was 

performed in resin/acetone (v:v), for 48 h under stirring. 

The material was transferred to pure resin (Araldite 6005), 

for 2 h at 45°C, immersed in silicone containers properly 

oriented and followed by the resin polymerization for 72 h 

at 60°C. Samples were processed on Bal-Tec CPD 030 

equipment to obtain the critical point. Vaginal tissue 

assembly was done in special supports that allow the 

electron conduction. The last step was the gold rinsing in 

the Bal-Tec SCD 050 equipment. Analysis of all samples 

was performed in a scanning electron microscope (JEOL 

JSM 5200 scanning microscope). 

Mast Cells Detection using Toluidine Blue 

Vaginal tissue was de-waxed in xylol1 and xylol2 for 

3 min. Then, the sections were hydrated in: Alcohol-
xylene, absolute alcohol and alcohol 95, 90, 80, 70 and 
50%, for 2 min and washed with water. The slides were 
stained with 0.1% toluidine blue at pH 2.8 for 20 min 
and dehydrated in 90% ethanol, 95 and 100%, absolute 
ethanol-xylol, xylol1 and xylol 2 for 3 min. Analyses 

were performed in optical microscope. 

Prostaglandin E2 Detection and Quantification 

Homogenized tissues stored in 0.85% saline solution 

at -70°C were treated with 1N HCl and centrifuged at 

2000 rpm up to the solubilization. Then, these materials 

were purified on columns (Sep-Pak ® Cartridges) to 

separate the lipid components and aliquots of 50 µL of 

each treated sample were transferred into 96-well plates 

(Prostaglandin E2 direct Biotrak Assay Kit-GE 

Healthcare Life Science), which already had the primary 

antibody (anti-goat IgG mouse). Each well was covered 

with 50 µL of secondary anti-PGE2 and 50 µL of the 

secondary antibody conjugated to peroxidase. The plate 

was incubated for 1 h under stirring in light privation. 

After this procedure, the plates were washed with 

washing buffer from the kit and 150 µL well
−1

 of 

development solution was added, followed by the 

incubation for 30 min. The reaction was stopped by 

adding 100 µL well
−1

 of 1M sulfuric acid and the results 

were obtained in an ELISA reader at 450 nm. Sample 

quantifications were evaluated according to the standard 

curve from the Kit. The results were expressed as the 

average measurements obtained in two experiments, five 

animals for each infection time. 

Detection of IgE 

IgE detection was performed with ELISA assay using 
100 µL of homogenized samples stored in 0.85% saline 
without dilution and transferred to 96-well plates 
(Corning Costar® Incorporated). Each well was covered 
with 100 µL IgE capture primary antibody (BD 
Biosciences) (2 mg mL

−1
) and the plate was incubated 

overnight at 4°C. The next step was nonspecific sites 
blocking using 200 µL PBS with 1% BSA for 1 h, 
follow by washing with PBS containing 0.05% Tween 
20. All samples were incubated with the biotinylated 
anti-mouse IgE secondary antibody (BD Biosciences) (4 
mg mL

−1
) for 1 h and washed one more time. 

Finally, it was added 100 µL well
−1

 of avid in-

horseradish peroxidase complex (BD Biosciences) 

diluted in blocking buffer (1:1000) for 30 min in light 

privacy. The reaction was developed with 100 µL well
−1

 

Tetramethylbenzidine (TMB) for 10 min and stopped by 

adding 100 µL of sulfuric acid 1 M per well. Results 

were obtained on ELISA reader at 450 nm. 

Statistical Analysis 

The normal distribution of the studied samples was 
performed by the Shapiro-Wilk test and for the 
comparison among them the one-way analysis of 
variance was applied. Graph Pad Prism® 3.0 (CA, EUA) 
software was used. The statistical significance was 
accepted at p<0.05. 

Results 

The efficiency of the murine infection by C. albicans 

was demonstrated by some parameters. The UFC 

counting demonstrated that all evaluated groups 

presented increasing levels of infection according to the 

infection evolution (data not shown). After 24 h, there 

was the prevalence of parasitism under the pseudohyphae 

form, with growth of infectious cells in the epithelial layer 

without invasion in deep layers. These results were 

confirmed by hematoxylin and eosin staining, specific 

fungi staining, the Gomori Trichrome (Gomori, 1950) and 

also, by scanning electronic microscopy (Fig. 1). 
Figure 2 shows the typical presence of a 

polymorphonuclear cells (PMN) microabscess in the 
mucosal layer. 
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Fig. 1. Surface parasitism of mice vaginal mucosa after 48 h post-infection by C. albicans. Hematoxylin-eosin (A) and Gomori - 

Methanamine/Silver (GMS). Barr: 50 µm. (B) showing numerous pseudohyphae nonadherent. Barr: 250 µm. Scanning 

electron microscopy (C), showing the stratified Epithelium (Ep) and pseudohyphae free (Arrow), 3500× magnification 
 

 
 
Fig. 2. Polymorphonuclear microabscess cells in mice mucosal surface infected with Candida albicans after 120 h A and B;  C and  

D = uninfected controls untreated  and E and F  = controls treated  with 0.02 mg of estrogen, respectively showing absence of 

polymorphonuclear microabscess (Arrow). Barr: 50 µm 
 

Mast cells could be visualized in all infection times, 

evidenced by wine staining due to the metachromasia 

phenomenon, with an increase of these cells at further 

infection times, which corresponded to the infection 

response (Fig. 3). 

In the first infection times, PGE2 dosages were 

observed in quite elevated levels compared to the non-

infected controls. After 48 h, there was a PGE2 pick and 

a new exacerbation in 192 h, which corresponded, to 

yeasts increase and pseudohyphae presence, in the 

histopathological sections (Fig. 4). 

IgE dosage elevation in the vaginal tissue was 
observed after 48 h of infection remained elevated in 

the subsequent time, which was coincident with mast 
cell degranulation detection in the vaginal mucous 
membrane (Fig. 5). 

Discussion 

The pleomorphic C. albicans yeast lives in 
association with humans, resulting in a positive 

commensalism interaction. This fungus is a member of 
the normal human microbiota and colonizes the mucosal 
surface of gastrointestinal tract, vagina and the surface of 
humid skin (Yang, 2003; Fischer, 2012). 

According to (Chaffin et al., 1998), this delicate 

balance can be broken and start a parasitic relationship, 

resulting in an infection called candidiasis. Among the 

most important C. albicans virulence factors are the 

secretion of hydrolytic enzymes, morphological 

transition mechanisms (pleomorphism), antigenic 

variability and the immunomodulation of host defense 

mechanisms (Sturtevant and Calderone, 1997). 

Currently, rats and mice are considered the most used 

animal as models to study candidiasis (Carrara et al., 

2010; Yano and Fidel, 2011). Fidel et al. (1993) 

established the following steps are necessary to the 

persistent vaginal infection development, which constitutes 

fungus penetration, tissue invasion, development and 

proliferation  of  this  fungus  in  these  animals  and the  

estrogen  treatment  to  induce  a  pseudo-estrus  state. 
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Fig. 3. Paraffin sections of mice vaginal tissue stained with 

toluidine blue, indicating mast degranulated: A, B, C 

and D = 4, 24, 48 and 192 h post-infection, respectively. 

E and F = uninfected controls, untreated and, treated 

with 0.02 mg of estrogen, respectively. Barr: 50 um 

 

 
 
Fig. 4. PGE2 (pg/mL) detection in vaginal tissue of mice 

infected with C. albicans. Results represent the average of 

two measurement experiments using 5 animals for each 

infection time. One-way ANOVA, * p<0.001 

 

This differentiated hormonal system promotes the vaginal 

epithelium stratification and the keratin layer development 

that covers this epithelium, what is essential for the C. 

albicans attachment (Carrara et al., 2010). 

 
 
Fig. 5. IgE detection in vaginal tissue of mice infected with C. 

albicans. Results represent the optical density average of 

two measurement experiments using 5 animals for each 

infection time. One-way ANOVA,* p<0.001 

 
Another characteristic that shows the yeast invasive 

ability and the persistent infection establishment is the 

pleomorphism (Davies et al., 1999). Many genes are 

associated to this feature and, in most cases, depend on 

the chemical and physical environmental conditions 

where the fungus is growing. Studies with C. albicans 

strains that had mutations in genes involved in the 

transition form, showed a reduction in virulence power, 

which had lost this characteristic (Calderone and Fonzi, 

2001; Romani et al., 2003). 

According to the results shown in Fig. 1, the infected 

animals showed the hyphae and pseudo-hyphae 

morphology predominance, which supported the 

hypothesis that C. albicans invasion and fixation in the 

vaginal tissue depended on this morphological transition. 

Micro-abscesses consisting mainly of 

polymorphonuclear cells were checked by hematoxylin-

eosin staining in the mucosal layer (Fig. 2) prior to the 

infection time, however in some infection times 

detectable changes in the cellular pattern of the sub 

mucosal layer were observed, possibly due to lack of 

fungi invasion in deeper structures, which could lead to 

more effective and diversified cellular immune response 

(Black et al., 1998; de Bernardis et al., 2000). Yano et al. 

(2012) demonstrated an important polymorphonuclear 

role in the symptomatic VVC infection establishment, 

which seems to be related to alarmins production by the 

vaginal epithelial cells. These molecules are able to 

attract PMN and contribute to the acute VVC symptoms. 

However, the exactly immunological mechanism 
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involved in this response remains unclear. Other study 

showed that the PMN action on the vaginal tissue is 

responsible for the high infection levels, which provides 

tissue damage in VVC patients (Beghini et al., 2012). 

One proposed hypothesis to explain the vaginal 

candidiasis pathogenesis is the allergic response. C. 

albicans is able to induce the production of different 

antibodies classes, such as IgG, IgA and IgE. Some 

studies have demonstrated the IgE presence in serum and 

vaginal secretions in 87% of women with vaginal 

candidiasis (Witikin et al., 1988; Regúlez et al., 1994) 

increasing the premise that the immunoglobulin role in 

the vaginal candidiasis pathogenesis is associated to the 

histamine released by locally mast cells. Furthermore, 

histamine is able to locally induce the prostaglandin E2 

production that may be responsible for the local immune 

response and immunomodulation process (Witikin et al., 

1988; Noverr et al., 2001; Regúlez et al., 1994). 

Thus, PGE2 and IgE (Fig. 4 and 5) detection results 

showed an increase in the concentration of these 

mediators prior to infection times, which were more 

significant for PGE2, since its concentration was 

determined using a standard curve. No standard IgE 

curve was constructed and the results showed only a 

difference in absorbance between samples at 450 nm, 

which indirectly represents the difference in their 

concentrations. Analysis of tissues stained with toluidine 

blue showed increased mast cell previous to infection 

times (Fig. 3), which coincide with the IgE and PGE2 

increase. These findings may explain the mechanisms 

involved in the vaginal tissue immune response and 

immune response associated to an allergic pattern. 

It is recognized that symptomatic patients with frequent 

recurrences have higher IgE anti-Candida levels in vaginal 

contents than in normal or asymptomatic patients. The 

number of mast cells present in normal vaginal mucosa is 

small; however, it seems to be increased during the 

infection caused by some genera such as Candida, 

Chlamydia and Trichomonas (Witikin et al., 1988). 

Studies have shown that the increase in PGE2 during 

C. albicans infections may be associated with the fungus 

colonization, because it facilitates the yeast 

morphological transition to pseudohyphae, follow by 

Th1-type immune response inhibition, chemokine release, 

phagocytosis and lymphocyte proliferation, culminating in 

Th2 type immune response and tissue eosinophilia 

(Noverr et al., 2001; 2002; Erb-Downward and Noverr, 

2007; Kalo-Klein and Witkin, 1990). 

According to (Barousse et al., 2005) there is an 

important anti-Candida activity in epithelial cells, raising 

the hypothesis that the VVC susceptibility is associated to 

signs from vaginal epithelial cell interaction with 

Candida, which promotes clinical symptoms such as 

leukocyte inflammatory response, but no protective, while 

VVC resistance is associated to the lack of signs and/or 

antifungal epithelial cells activity and absence of 

inflammation (Fidel, 2007; Jaeger et al., 2013). 

Treatment against C. albicans consists in use, in the 

most of time, “azoles”, especially fluconazole to control 

the pathogen proliferation. In this case, these treatments 

don’t affect directly the PMNs or mast cell migration 

and mediator secretion, but these drugs interfere on the 

development, affecting the biosynthesis of ergosterol. 

Thus, with the decrease of pathogen number, the local 

immune response decreases too, restoring the balance of 

the vaginal flora (Cassone, 2015). 

However, in the few years there has been reported an 

increase of pathogen resistance to the antifungal 

treatment, some explanations by this increase is related 

especially to some genetics aspects of this yeast, such as 

modifications in its sterol biosynthesis pathway by the 

mutations or over expression of genes involved in this 

event, alteration of genes encoding efflux pumps of the 

drugs and also its transporters. Thus, due to these 

mechanisms already explained the pathogen population is 

always high, maintaining the local immune response high 

too, which explains the most of results obtained in this 

research (Sobel, 2016; Akins, 2005; Morschhäuser, 2002). 

Conclusion 

VVC is a public health problem with high occurrence 

rates that should be carefully monitored by the scientific 

community, in addition to the conventional therapies for 

the prevention of VVC which become obsolete, each 

year and do not prevent recurrence. 

Thus, this research tried to elucidate some aspects of 

vaginal tissue physiology and immunological mechanisms 

involved in the VVC, opening new perspectives to future 

studies about cell signaling and host-parasite interaction in 

infectious processes, providing scientific basis for more 

effective prophylactic and therapeutic interventions 

against vaginal yeast infections. 
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