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Abstract 

The immunopathogenesis of recurrent vulv o v aginal candidiasis (R VVC) is poorly understood. Recently, it was reported that patients with RVVC 

present a decrease in both the fungicidal capacity of neutrophils and the proliferative capability of peripheral blood mononuclear cells in response 
to Candida albicans infection, suggesting an alteration in the innate and adaptive immune response. The aim of this study was to determine 
the in-situ expression, in the vaginal mucosa, of genes associated with the immune response, as well as the serum concentrations of dectin-1, 
mannose-binding lectin (MBL), and vitamin D in patients with RVVC. A study was carried out on 40 patients with a diagnosis of RVVC and 26 
health y w omen. Vaginal scrapings w ere obtained, and the expression of genes that encode cytokines and transcription factors specific f or T h1, 
T h2, T h17, Treg, pro-inflammatory profiles, and enzymes related to o xidativ e/microbicidal mechanisms w as e v aluated b y quantitiativ e polymerase 
chain reaction (qPCR). Additionally, serum levels of vitamin D and the soluble receptors dectin-1 and MBL were determined by enzyme-linked 
immunosorbent assay (ELISA). In patients with RVVC, a decreased expression of T-bet, ROR γ -T, IL-1 β, and IL-17, and an increase in the expression 
of FOXP3, IL-4, IL-8, IL-10, and IL-18 w ere observ ed when compared to healthy women: moreover, decreased levels of MBL were also observed 
in these patients. These results confirm that patients with RVVC present in-situ alterations in both the specific and adaptive immune response 
against Candida spp., a fact that could be associated with the exaggerated vaginal inflammatory response. 

Lay summary 

The study concerns the immune response of women with recurrent vulv o v aginal candidiasis; w e observ ed an alteration in the expression of 
genes that participate in the control of infection, a fact that could be associated with the exaggerated vaginal inflammatory response observed 
in those patients. 

Ke y w or ds: RVVC, immune response, cytokines, MBL, vitamin D. 
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Introduction 

Vulvovaginal candidiasis (VVC) is the second most common 

cause of infections in the female genito-urinary tract, affecting 
approximately 75% of the world’s population at least once 
in their life.1 Along these lines, VVC affects not only women 

on a physiological but also a psychological, sexual, and so- 
cial level.2–4 Additionally, there is a phenomenon known as 
recurrent vulvovaginal candidiasis (RVVC), which is defined 

as the presentation of at least four episodes of VVC in a 
year.5 On the other hand, both VVC and RVVC are infec- 
tions with multifactorial compounds, where underlying con- 
ditions such as uncontrolled diabetes mellitus, the luteal phase 
of the menstrual period, pregnancy, the use of broad-spectrum 

antibiotics, contraceptive therapy, the use of corticosteroids,
and behaviors such as the use of vaginal douching, in addi- 
tion to alterations in the immune response, are considered 

risk factors associated with the development of these con- 
ditions.6 , 7 Regarding the latter, it is believed that the host’s 
Received: July 24, 2024. Revised: August 15, 2024. Accepted: September 3, 2024
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mmune response could play a key role in the pathogenesis of
VVC; some authors even consider it an auto-inflammatory 
isease or an immunodeficiency condition.6 In this sense, once 
andida spp. begins the process of transition from a harm-

ess or commensal state to a pathogenic one, in some species
he formation of hyphae is promoted, in addition to the se-
retion of toxins such as candidalysin, considered an impor- 
ant virulence factor in yeasts of the genus Candida .8 Addi-
ionally, cells such as neutrophils initiate the recognition of 
his fungus through pathogen-associated molecular pattern re- 
eptors (PRRs), mainly through TLR -2, TLR -4, dectin-1, and
annose-binding protein (MBL).9 Regarding dectin-1, it has 
een reported that it has a protective role in fungal infec-
ions that include Candida albicans , Aspergillus fumigatus ,
nd Pneumocystis jirovecii .10 

Likewise, it has been observed that MBL also plays a pivotal
ole in protection against infections by Candida spp.; thus, re-
uced levels of MBL and a higher frequency of polymorphisms 
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n the gene that codes for this protein in women with RVVC
ave been reported.11–14 

Similarly, TCD4 + lymphocytes with Th1 and Th17 pro-
les, as well as the transcription factors and cytokines de-
ived from these profiles, are associated with a protective ef-
ect against this type of infection,6 , 15 while cells or cytokines
ssociated with a Th2 or Treg profile are often associated with
eleterious effects on the immune response during the devel-
pment of infections by mycobacteria or pathogenic fungi, in-
luding Candida infections.6 , 15 

On the other hand, some authors have reported that vita-
in D seems to have an important role in the defense against

nfections by Candida spp. since it could induce the pro-
uction of antimicrobial peptides such as cathelicidin, which
as action against fungi, bacteria, and mycobacteria in var-

ous anatomical sites including the skin and mucous mem-
ranes.16–18 

Recently, we demonstrated that patients with RVVC
resent a decrease in both the microbicidal capacity of neu-
rophils and the proliferative capability of peripheral blood
ononuclear cells against Ca. albicans , suggesting a compro-
ise of the innate and adaptive immune response in these
atients.19 Taking the above into account, the aim of this
tudy was to characterize the immune response in patients
ith RVVC by determining the expression, in situ in the vagi-
al mucosa, of genes associated with different immunologi-
al profiles, as well as the serum levels of the vitamin D and
athogen-associated molecular pattern recognition receptors 
ectin-1 and MBL. 

ethods 

thical aspects 

his study was approved by the Human Research Bioethics
ommittee (Acta No. 21-28-935), of the University Research
eadquarters (SIU) of the Universidad de Antioquia. 

opulation and type of study 

 descriptive cross-sectional study was carried out where 66
omen between 18 and 50 years old were included, divided

nto two groups: 40 women with a confirmed diagnosis of
VVC and 26 healthy women (control group). In the group of
omen diagnosed with RVVC, 37 had an active infection with
andida albicans and three with Ca. lusitaniae . Women who
ere pregnant or who had been under treatment with antibi-
tics, antifungals, or corticosteroids in the last 7 days before
he sample was taken were excluded from the study; in addi-
ion, women who were under hormone replacement therapy
r who had any underlying disease such as diabetes, autoim-
une diseases, Human Immunodeficiency Virus (HIV) infec-

ion, cancer or another condition were also excluded. Once the
nclusion criteria of the study were met, the participants were
iven informed consent for subsequent signing and collection
f clinical samples. 

ample collection and procedures 

craping samples of the vaginal mucosa were obtained from
ll participating women, both those with a diagnosis of RVVC
nd healthy women; sampling was carried out through the use
f sterile specula and cytobrushes. The samples were inocu-
ated into tubes with sterile saline solution and centrifuged at
0 000 x g for 10 min; the supernatant was discarded and
he sediment was resuspended in 200 μl of TRIZol (Invit-
ogenTM, ThermoFisher Scientific, USA); finally, the samples
ere frozen at -80 

◦C for subsequent gene expression analysis.
Additionally, a blood sample was obtained using tubes

ithout anticoagulants using previously standardized
enipuncture procedures. Subsequently, the sample was
ncubated for 1 h at 37 

◦C, followed by centrifugation for 10
in at 300 x g . Finally, serum was obtained and stored at

80 

◦C for ELISA assays. 

ibonucleic acid (RNA) extraction 

NA extraction was performed on the vaginal scraping sam-
les previously resuspended in TRIZol (InvitrogenTM, Ther-
oFisher Scientific, USA), using the commercial E.Z.N.A. ®
otal RNA Kit I (Omega Bio-Tek, USA) and following the
anufacturer’s instructions. Additionally , integrity , quantity ,

nd quality criteria of the RNA were evaluated by agarose gel
lectrophoresis and spectrophotometry using the NanoDrop
ne equipment (ThermoFisher Scientific, USA) and consider-

ng the absorbance ratios 260/230 and 260/280. 

ynthesis of complementary deoxyribonucleic acid 

cDNA) 

he previously extracted RNA samples were subjected to a
Nase treatment process using DNase I Amplification Grade

1 unit/ μl) (Sigma Aldrich, USA). Subsequently, cDNA syn-
hesis was performed using the High-Capacity cDNA Reverse
ranscription kit (Applied Biosystems, ThermoFisher Scien-
ific, USA), following the manufacturer’s instructions. The
uantity and quality of the samples were evaluated using the
anoDrop One equipment (ThermoFisher Scientific, USA) as
reviously described. Finally, the cDNA samples were stored
t -20 

◦C for further analysis. 

ene expression analysis 

oth the primers for β-actin and the genes of interest were de-
igned de novo and synthesized by Merck (USA). The genes
nd primer sequences used in this study are listed in Table 1 .
PCR reactions were carried out using the HOT FIREPol ®
vaGreen ® qPCR Supermix kit (Solis BioDyne, Estonia) and

he CFX96 Touch Real-Time PCR (Bio-Rad, USA). For each
eaction, a final volume of 15 μl was analyzed. The amplifi-
ation protocol was carried out as follows: an initial cycle of
olymerase activation for 12 min at 95 

◦C, followed by 40 am-
lification cycles for 15 s at 95 

◦C, in addition to an annealing
nd extension phase for 30 s each. Additionally, the relative
xpression of the genes of interest was calculated using the
- ��Ct method, considering the Ct (cycle threshold) values
ormalized against β-Actin used as a constitutive gene. 

etermination of serum concentrations of dectin-1, 
BL, and vitamin D 

erum concentrations of the soluble recognition receptors
ectin-1 and MBL (Invitrogen, USA), and vitamin D (Novus
iologicals, USA) were determined using specific commercial
LISA kits and following the manufacturers’ instructions. 

tatistical analysis 

tatistical analysis was performed using GraphPad Prism soft-
are version 9.0 (Dotmatics, USA). The Shapiro–Wilk test
as used to evaluate the criterion of normality in the distri-
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Table 1. List of genes and primer sequences used for qPCR analyses. 

Gene Primer Nucleotide sequence (5´-3´) 

IL-8 IL-8-F TTTTGCCAA GGA GTGCTAAA GA 

IL8-R AA CCCTCTGCA CCCA GTTTTC 

IL 1 β IL 1 β-F CT ACGAA TCTCCGACC ACC AC 

IL 1 β-R GGTCATTCTCCTGGAAGGTCTG 

IL 18 IL 18-F A CCTCTA CA GTCA GAATCA GTCA 

IL 18-R TGGAA TCAAGA TT ACTTTGGCAAGC 

TNF- α TNF α-F ACCTCA TCT ACTCCCAGGTCC 

TNF α-R GCTCTTGATGGCA GA GA GGA G 

TBET TBET-F TCCC ATTCCTGTC ATTTACTGTGG 

TBET-R CCTTTCC AC ACTGC ACCC ACT 

IFN- γ IFN γ -F GGTAA CTGA CTTGAATGTCC 

IFN γ -R TTTTCGCTTCCCTGTTTTAG 

ROR γ -T ROR γ T-F C AGGATGCCTGTGTTCCTC A 

ROR γ T-R GCCACCTTGAA T ACAGCCCT 

IL 17A IL 17A-F CTA CAA CCGATCCA CCTCA CC 

IL 17A-R A GCCCA CGGA CA CCA GT A TC 

FOXP3 FOXP3-F GTGGC ATGGGGTTC AAGGAA 

FOXP3-R GGA GGGCTGCA CCCAAA G 

TGF- β1 TGF β1-F AACT A TTGCTTC AGCTCC ACGG 

TGF β1-R GGCA GAA GTTGGCA TGGT AG 

IL 10 IL 10-F CTCGAAGCA TGTT AGGCAGGT 

IL 10-R GCTC AGC ACTGCTCTGTTGC 

IL 4 IL 4-F TCTTTGCTGCCTCCAA GAA CA C 

IL 4-R CTCTGGTTGGCTTCCTTC AC AGG 

GA T A3 GA T A3-F TCTC AGCCCCTTCTCC AAGA 

GA T A3-R GGAA GGTGAA GA GGTGCGG 

IDO1 IDO1-F CTGGAAA GGCAA CCCCC 

IDO1-R A GGA CGTCAAA GCA CTGAAA G 

iNOS iNOS-F TGCCCA TGT A CCA GCCATTG 

iNOS-R A CGA GTGGTTTCGGGAA CTG 

NOX2 NOX2-F GAGTTGTC ATC ACGCTGTGC 

NOX2-R A TGGA TGGC AAGGCC AATGA 

β-ACTIN β-ACTINA-F TGTA GAA GGTGTGGTGCCA G 

β-ACTINA-R GGGC ATGGGTC A GAA GGATT 

Figure 1. Expression of genes associated with immunological profiles in 
vaginal mucosa of patients with RVVC ( n = 40) and healthy women 
(control group, n = 26). (A) Analysis of the expression of genes 
associated with the Th1 profile (T-bet and IFN γ ). (B) Analysis of the 
expression of genes associated with the Th17 profile (ROR γ t and IL-17). 
(C) Analysis of the expression of genes associated with the Th2 profile 
(GA T A3 and IL-4). Results are expressed as the mean ± standard error of 
the mean (SEM). ∗P < .05 and ∗∗P < .01. 
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bution of the data. Those data that did not present a nor- 
mal distribution were analyzed using the Mann–Whitney U 

test, and those that presented a normal distribution were an- 
alyzed using the t test for unpaired data. Finally, to describe 
the variables, the standard error of the mean (SEM) was con- 
sidered; and P- values < .05 indicated statistically significant 
differences between the data. 

Results 

Patients with RVVC present a decrease in the 

expression of the Th1 and Th17 profiles and an 

increase in the expression of the Th2 profile 

Gene expression analyses were performed in situ in the vagi- 
nal mucosa of women with a clinical and microbiological di- 
agnosis of RVVC. In these patients, a significant decrease in 

the expression of the transcription factor T-bet, considered a 
specific transcription factor for the Th1 immunological pro- 
file, was observed compared to the control group ( P < .05); 
however, the expression of the gene that codes for Interferon- 
gamma (IFN γ ) did not show any difference between women 

with RVVC and the control group (Fig. 1 A). 
Regarding the Th17 profile, women with RVVC presented 

a significant decrease in the expression levels of the transcrip- 
tion factor ROR γ t and IL-17 compared to the control group 

( P < .05) (Fig. 1 B). 
On the other hand, in patients with RVVC a significant in- 

crease in the expression of the gene that codes for IL-4, con- 
idered a specific cytokine of the Th2 immunological profile,
as observed when compared to the control group ( P < .05).

t is noteworthy that the expression of the gene encoding the
A T A3 transcription factor (a specific transcription factor of

he Th2 immune profile) did not show any difference between 

omen with RVVC and the control group (Fig. 1 C). 

atients with RVVC present an alteration in the 

xpression of genes encoding for pro-inflammatory 

ytokines 

n this study, cytokines associated with a pro-inflammatory 
rofile (IL 1 β, IL 8, IL 18, and Tumor necrosis factor ralfa
 TNF α), which play an important role in the in situ inflam-
atory response in the vaginal mucosa were evaluated. In pa-

ients with RVVC, a significant decrease in the expression of

art/myae091_f1.eps


4 Consuegra-Asprilla et al. 

Figure 2. Expression of genes associated with an inflammatory profile in 
vaginal mucosa of patients with RVVC ( n = 40) and healthy women 
(control group, n = 26). Analysis of the expression of genes associated 
with an inflammatory profile (IL-1 β, IL-8, IL-18, and TNF α). Results are 
expressed as the mean ± standard error of the mean (SEM). ∗P < .05. 
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he gene that codes for IL-1 β and a significant increase in the
xpression of the genes that code for IL-8 and IL-18 were ob-
erved compared to the group control ( P < .05). However, no
ifference was observed in the expression of the gene encoding
or TNF α between the groups evaluated (Fig. 2 ). 

atients with RVVC present an increase in the 

xpression of genes associated with regulatory T 

ells 

n relation to the evaluation of gene expression in transcrip-
ion factors and cytokines associated with a profile of regu-
atory T cells (Treg), a significant increase in the expression
evels of FOXP3 ( P < .05) and IL-10 ( P < .01) was observed
n the group of patients with RVVC compared to the control
roup. For TGF β-1, no significant difference in expression lev-
ls was observed between the groups evaluated (Fig. 3 ). 

 atients with R VVC do not present alterations in the
xpression of genes associated with 

xidative/microbicidal mechanisms 

dditionally, the expression levels of genes associated with
xidative/microbicidal mechanisms were evaluated. The genes
hat encode the enzymes IDO1 (indolamine 2,3-dioxygenase
, a cytosolic enzyme that degrades the amino acid L-
ryptophan and has been associated with microbicidal mech-
nisms and regulators of the immune response), iNOS (in-
ucible nitric oxide synthase, associated with the produc-
ion of nitric oxide and reactive nitrogen species), and
OX2 (NADPH oxidase-2, associated with the production of

eactive oxygen species) were evaluated; however, no differ-
nces were observed in these genes between women with
VVC and the control group (Fig. 4 ). 

atients with RVVC have decreased levels of MBL 

ut not of dectin-1 or vitamin D 

onsidering that soluble pathogen-associated molecular pat-
ern recognition receptors dectin-1 and MBL, in addition to
itamin D, play a central role in the recognition and defense
gainst Candida spp., serum levels of these molecules were
valuated both in healthy women and in patients with RVVC.
f note, significantly decreased levels of MBL were observed

n the RVVC patients compared to healthy women ( P < .001).
n the contrary, no significant differences were found be-

ween the serum concentrations of dectin-1 or vitamin D in
he groups evaluated (Fig. 5 ). 

iscussion 

n a previous study conducted by our research group in
omen with a clinical and microbiological diagnosis of
VVC, it was reported that 92.5% (37 patients) had Candida
lbicans infection and 7.5% (three patients) had Clavispora
usitaniae (formerly Ca. lusitaniae ) infection with less than
0% resistance to the most used antifungals.19 Notably, it was
lso found that these patients presented a decrease in the mi-
robicidal capacity of neutrophils and the proliferative capa-
ility of peripheral blood mononuclear cells against Ca. albi-
ans , thus suggesting a compromise of the innate and adaptive
mmune response. Therefore, in the present study, immuno-
ogical characterization was performed in situ , in the vaginal
ucosa, in those patients with RVVC. 
Regarding the adaptive immune response, it is well known

hat Th1 lymphocytes have a pivotal role in the protective re-
ponse against Candida spp.; thus, in this study, the expres-
ion of T-bet, a specific transcription factor that induces and
odulates the differentiation of naïve T cells to a Th1type

mmunological profile,20 as well as the expression of IFN γ , a
allmark cytokine linked to this immunological profile were
valuated. Thereby, a significant decrease in this transcription
actor was found, suggesting a possible alteration of the Th1
ype response in patients with RVVC; however, no differences
ere found in the expression of IFN γ between patients with
VVC and the control group. These findings correlate with
hat was found in a study by Bai et al.21 in which the au-

hors evaluated, in a mouse model, a lethal systemic infection
odel by Ca. albicans , and found a decrease in the expression
f T-bet, suggesting that this transcription factor plays an im-
ortant role in the regulation of CD4 + T cells (Th1) during
andidiasis. 

On the other hand, RVVC symptomatology is associated
ith the chronic inflammatory state experienced by these pa-

ients.6 In accordance with the above, in the RVVC group
valuated in this study, an increase in the expression of proin-
ammatory cytokines such as IL-8 and IL-18 was observed,
hese being important in the process of chemotaxis and re-
ruitment of neutrophils in the vaginal mucosa, which trans-
ates into a positive feedback mechanism that results in the hy-
erinflammatory state characteristic of this infection.22 In line
ith our findings, Lilic et al., reported that blood cells from

art/myae091_f2.eps
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Figure 3. Expression of genes associated with a profile of regulatory T cells in vaginal mucosa of patients with RVVC ( n = 40) and healthy women 
(control group, n = 26). Analysis of the expression of genes associated with a Treg cell profile (FoxP3, IL-10, and TGF- β1). Results are expressed as the 
mean ± standard error of the mean (SEM). ∗P < .05 and ∗∗P < .01. 

Figure 4. Expression of genes associated with o xidativ e/microbicidal mechanisms in vaginal mucosa of patients with RVVC ( n = 40) and healthy women 
(control group, n = 26). Analysis of the expression of genes associated with oxidative/microbicidal mechanisms (IDO1, iNOS2, and NOX2). Results are 
expressed as the mean ± standard error of the mean (SEM). 

Figure 5. Serum le v els of soluble pathogen-associated molecular pattern recognition receptors and vitamin D in patients with RVVC ( n = 40) and healthy 
women (control group, n = 26). The levels of soluble dectin-1, MBL, and vitamin D were determined in the serum of patients with RVVC and healthy 
w omen b y means of the ELISA technique. R esults are e xpressed as the mean ± st andard error of the mean (SEM). ∗∗∗P < .0 01. 

 

α  

e

m  

a  

m
r

D
ow

nloaded from
 https://academ

ic.oup.com
/m

m
y/article/62/9/m

yae091/7750034 by U
niversidad del R

osario user on 24 January 2025
patients with chronic mucocutaneous candidiasis, when stim- 
ulated with different fractions of Ca. albicans , did not show 

changes in TNF-alpha production, and suggested that this ef- 
fect could be related to a defect in macrophages or dendritic 
cells 23 ; but contrary to what was reported by Rosati et al.,
who observed that monocytes from RVVC patients infected 

with Ca. albicans hyphae presented increased levels of TNF- 
, in the present study no differences were observed in the
xpression of this cytokine in the vaginal mucosa.24 

The adaptive immune response mediated by the Th17 im- 
une profile, through the production of IL-17, seems to have
 key role in the control of fungal infections in the skin and
ucosa through the production of antimicrobial peptides and 

ecruitment and activation of neutrophils; however, its role 

art/myae091_f3.eps
art/myae091_f4.eps
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n VVC and RVVC is controversial.25 , 26 Recently, in a mouse
odel of RVVC, it was shown that IL-17 appears to play a
rotective role through the recruitment and activation of neu-
rophils.27 In the present study, patients with RVVC showed
ecreased expression levels of IL-17 and the transcription fac-
or ROR γ T associated with this Th17 profile, which is consis-
ent with recent findings in which it has been confirmed that
lterations in the Th17 type response can promote the devel-
pment and recurrence of mucosal infections due to Ca. albi-
ans .28 

It has been observed that Treg cells play a fundamental role
n controlling the immune response against some pathogens
ncluding Candida spp. In this sense, the expression of the
OXP3 transcription factor is associated with this profile; and

t has been described that Treg cells may have a dual role dur-
ng some fungal infections, for example, either as an immune
vasion mechanism or promoting the elimination of potential
athogens.29 , 30 Therefore, the role of Treg cells in candidiasis
s difficult to predict; however, in a mouse model of dissem-
nated candidiasis, it has been observed that populations of
D4 + /CD25 + T lymphocytes (Treg) cells have the ability

o inhibit the function of effector cells such as macrophages,
hrough the production of IL-10, one of the main cytokines
ith anti-inflammatory effect, promoting the development of

nfection.31 The above correlates with the results observed in
he present study, where a significant increase in the expres-
ion of IL-10 and FOXP3 was evident in patients with RVVC.

Regarding the Th2 cellular profile, it is well known that
t promotes the humoral immune response and exerts an an-
agonistic effect by suppressing cellular or Th1-type immu-
ity. This profile is associated with the production of cytokines
uch as IL-4 and IL-5, which are considered by some authors
o be key factors for the development of RVVC.32–34 In line
ith the above, in this study, a significant increase in IL-4 ex-
ression was observed in the group of patients with RVVC;
ut contrary to the results obtained in the present study, Rosati
t al. evaluated the response of monocytes from RVVC pa-
ients infected with Ca. albicans hyphae, and did not observe
 difference in the production of cytokines associated with
h1, Th2, or Th17 profiles compared to infected monocytes

rom healthy women.24 Thus, the above results suggest that
he immune response appears to be compartmentalized and
iffers according to the tissue or cell studied. Moreover, it
eems that innate and adaptive lymphocytes utilize distinct
nhancer elements for their development and differentiation,
nd additionally, the regulation of a single cytokine is con-
rolled by distinct transcriptional mechanisms within the T
ell lineage. 

In relation to microbicidal mechanisms, exerted mainly by
hagocytic cells, oxidative mechanisms dependent on oxy-
en and nitrogen, among others, have been described. In this
ense, the expression of three enzymes related to microbi-
idal/oxidative capacity was determined: IDO1, iNOS, and
OX2, NADPH oxidase-2. However, no significant differ-

nces were observed in the expression of these molecules be-
ween the two groups evaluated, which is interesting tak-
ng into account that other authors have reported that
OX2 is a critical protein for the elimination of fungal
athogens including Ca. albicans .35 Furthermore, it has been
escribed that IDO1 deficiencies in mice can promote an in-
rinsic susceptibility to infections by Candida spp. in mu-
ous membranes.36 On the other hand, in a study in which

 model of oral candidiasis was used in NOS2-deficient 
ice (NOS2-null) and wild-type mice, no differences were
bserved in aspects such as the effectiveness in eliminat-

ng the fungus, the response associated with host cytokines,
r the fungicidal activity exerted by macrophages against
a. albicans .37 The above allows us to suggest that in pa-

ients with RVVC, the enzymes IDO1, NOS2 (iNOS), and
OX2 seem not to have a critical role in the immune re-

ponse against this infection. However, in a previous study
y our group, it was reported that neutrophils from pa-
ients with RVVC exhibit a decrease in fungicidal capac-
ty against Ca. albicans ,19 which suggests that microbicidal
echanisms other than those associated with the three en-

ymes studied here could be affected in these patients with
VVC. 
On the other hand, in agreement with the findings obtained

y Rosentul et al.,38 in the present study no significant differ-
nces were found in the serum concentrations of dectin-1 be-
ween healthy women and patients with RVVC. This could be
xplained from a genetic point of view in which homozygous
ndividuals with dectin-1 deficiency are considered rare in
he Western population,38 indicating that dectin-1 deficiency
ight not be responsible for the susceptibility to developing
VVC at the population level but rather at the individual level.

n relation to the soluble MBL receptor, in a study carried out
y Babula et al., decreased levels of this protein were found
n patients with RVVC compared to healthy women,13 which
grees with the findings of the present study. This is relevant,
aking into account that MBL is a soluble receptor that cir-
ulates in peripheral blood and is an important component in
he innate immune system, which recognizes and binds man-
ose and N-acetyl-glucosamine residues present on the sur-
ace of microorganisms that include Candida spp., resulting
n complement activation.14 Additionally, other studies have
eported the presence of polymorphisms in the gene that codes
or the MBL protein and decreased levels of the soluble pro-
ein, mainly in patients with RVVC.39 , 40 Therefore, a decrease
n serum MBL levels could be associated with alterations in
he innate immune response that can lead to the development
f recurrent infections,41 as is the case in patients with RVVC.
Finally, vitamin D deficiency has been associated with Can-

ida infections in the oral mucosa, especially in patients liv-
ng with HIV. This molecule exerts immunoregulatory func-
ions once it binds to its receptor present in different cell pop-
lations including B lymphocytes (LB), T lymphocytes (LT),
onocytes, and macrophages.42 , 43 In the case of RVVC, there

re no studies on the role of this vitamin in the physiopatho-
enesis of this affection; however, a few studies have indicated
 potential relationship between vitamin D3 deficiency and
he risk of suffering VVC,18 which differs from the results ob-
ained in this study, in which no significant differences were
ound in vitamin D levels between women with RVVC and
he control group. 

In conclusion, in the present study, it was observed that
omen with RVVC, at the level of the vaginal mucosa, present
 decrease in the in situ expression of cytokines and transcrip-
ion factors associated with the Th1 and Th17 immunological
rofiles, which seem to have a protective effect in this pathol-
gy . Additionally , an increase in the expression of pro- and
nti-inflammatory cytokines was evident, which could be as-
ociated with the exacerbated and ineffective chronic inflam-
atory response observed in these patients; furthermore, de-

reased levels of soluble MBL were also observed. Together,
hese findings provide evidence and confirm an alteration in
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both the innate and adaptive immune responses in patients 
with RVVC. 
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