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Abstract 

Recurrent vulvovaginal candidiasis (RVVC) is a multifactorial condition in which vaginal microbiota dysbiosis plays a key role. 
This study aimed to characterize the vaginal microbiome of patients with RVVC using metagenomic sequencing. Vaginal scrap- 
ing samples were collected from 34 women aged 20–47 years and classified into three groups: (1) 14 women with RVVC who 

had experienced 3–7 episodes of VVC in the previous year; (2) 9 women with severe RVVC, defined as ≥8 episodes in the last 
year; and (3) 11 healthy women as controls. The results revealed an increased relative abundance of bacteria associated with 

bacterial vaginosis—including Gardnerella vaginalis , G. swidsinskii , and Prevotella bivia —as well as higher levels of Lactobacil- 
lus iners in both RVVC groups. In contrast, healthy women showed a greater abundance of L. crispatus and L. gasseri . Diversity 

analyses indicated lower α-diversity in the healthy group compared to RVVC patients. Metabolic potential profiling showed 

a differential increase in sequences related to the phosphotransferase system, fructose/mannose metabolism, pentose phos- 
phate pathway, and cysteine/methionine and purine metabolism in RVVC groups relative to controls; no significant differences 
were observed between RVVC groups, indicating that microbial profiles alone do not correlate with the degree of disease sever- 
ity. These findings provide relevant insights into the taxonomic and functional characteristics of the vaginal microbiome in 

women with RVVC and may support the development of targeted therapeutic strategies. 

Lay summary 

Women with recurrent candidiasis show changes in their vaginal microbiome, with fewer protective bacteria and an increase 

in other microorganisms associated with imbalance. These findings show an association between microbiome alterations and 

recurrent infections and may help identify factors linked to recurrence. 

Keywords vulvovaginal candidiasis, RVVC, Candida albicans , microbiome, metagenomic, shotgun sequencing 
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Introduction 

Vulvovaginal candidiasis (VVC) is the second most common cause 
of vaginitis worldwide, affec ting appr oximately 75% of the female 
population at least once in their lifetime. 1 It is estimated that 
approximately 10% of women experience a phenomenon known 

as recurrent vulvovaginal candidiasis (RVVC), which is defined as 
three or more episodes of VVC in 1 year. 2 Both VVC and RVVC are 
considered multifactorial conditions, and their presentation has 
been related to factors such as pregnancy, alterations in the in- 
nate or adaptive immune response; use of oral contraceptives; use 
of broad-spectrum antibiotics or antifungals; corticosteroid ther- 
apy; individual behavioral factors; immunosuppression due to hu- 

man immunodeficiency virus (HIV), diabetes; as well as dysbio-
sis of the vaginal microbiota. 3 , 4 In this sense, observational stud-
ies suggest that variations in the vaginal microbiota are linked to
VVC/RVVC since some species of the genus Lactobacillus spp. have
a protective role at the vaginal mucosa, due to the acidification of
the medium by the production of lactic acid, hydrogen peroxide
(H2 O2 ) and biosurfactants, which inhibit the proliferation of Can-
dida spp. and therefore, prevent the development of VVC. 5 Simi-
larly, it has been described that a decrease in the number of Lac-
tobacillus spp. at the vaginal environment is associated with the
proliferation of pathogenic bacteria such as Gardnerella vaginalis
and Prevotella spp. as well as with an increase in the in situ pro-
duction of proinflammatory cytokines such as IL-1 β and IL-12. 6 
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On the other hand, previous studies examining the vaginal mi- 
robiota in patients with VVC have reported that, compared with 

ealthy women, VVC is often associated with lower relative abun- 
ances of L. crispatus and higher relative abundances of L. in- 
rs , 7 although these patterns are not observed in all cases. How- 
ver, most of these studies have been conducted using 16S rRNA- 
ased sequencing techniques, 8–11 which have limited accuracy in 

pecies-level annotation compared to metagenomic sequencing, 
ince the latter allows a more robust species-level characteriza- 
ion in each microbiome. 12–14 Nevertheless, recently, full-length 

6S rRNA gene amplicon sequencing using nanopore-based meth- 
ds has been shown to achieve species–level classification in gut 
icrobiota context and capture broader taxonomic diversity than 

hort partial amplicons alone. However, even with these improve- 
ents, partial 16S amplicon approaches targeting single or paired 

ypervariable regions remain limited in reliably distinguishing 
losely related species due to the constrained sequence informa- 
ion provided by short reads; whereas shotgun metagenomic se- 
uencing directly samples genomic sequences from across the en- 

ire microbial genomes, enabling more accurate and comprehen- 
ive species–level taxonomic profiles as well as functional poten- 
ial analyses. 15 Therefore, in the context of RVVC, more evidence is 
eeded to better characterize the association between vaginal mi- 
robiome composition and RVVC. Thus, the objective of this study 
as to characterize the vaginal microbiome in healthy women 

nd patients diagnosed with RVVC using metagenomic sequenc- 
ng techniques. 

aterials and methods 

thical aspects 

his study was approved by the Bioethics Committee for Human 

esearch (Record No. 21-28-935) of the University Research Center 
SIU) of the Universidad de Antioquia. 

opulation and type of study 

 descriptive cross-sectional study was conducted from Septem- 
er 2022 to October 2023, which included samples from 34 Colom- 
ian women between 20 and 47 years of age, these samples 
ere obtained in a previous study conducted by our research 

roup. 16 The samples were divided into three groups: Group (1) 
1 healthy women (control group), corresponded to women with- 
ut diagnosis, symptoms or clinical history of vulvovaginal can- 
idiasis or bacterial vaginosis at the time of sampling; Group (2) 
4 women diagnosed with RVVC who at the time of sample col- 

ection had presented between 3 and 7 episodes of VVC in the 
ast year; and Group (3) 9 women diagnosed with RVVC who pre- 
ented ≥8 episodes of VVC in the last year (severe RVVC). The fol- 
owing exclusion criteria were considered: being pregnant; being 
nder treatment with antibiotics, antifungals, or corticosteroids in 

he 7 days prior to sample collection; being under hormone re- 
lacement therapy or having autoimmune diseases or other un- 
erlying diseases such as HIV infection, diabetes, cancer, among 
thers. Additionally, those patients who met the study’s inclusion 

riteria signed an informed consent form for subsequent sample 

Sampling, DNA extraction, and genomic 

sequencing 

Vaginal scraping samples were obtained from all women partic-
ipating in the study by scraping them with a cytobrush using a
sterile speculum. Subsequently, the samples underwent metage-
nomic DNA extraction using the ZymoBIOMICS™ DNA Miniprep kit
and following the manufacturer’s instructions. Additionally, the
concentration, quality, and integrity of the DNA samples were
evaluated using Nanodrop and agarose gel electrophoresis, re-
spectively. DNA libraries were prepared by mechanical DNA frag-
mentation using the Covaris system. Genomic libraries were con-
structed from this material, a process that included DNA end re-
pair, the addition of specific adapters, and fragment size purifi-
cation, followed by PCR amplification using KAPA HiFi HotStart
DNA Polymerase. Prior to sequencing, the fragment lengths of
each library were verified using the Agilent 2100 system to ensure
quality. Finally, DNA nanoball (DNB) sequencing was performed
using the DNBSEQ-G400 platform (BGI, Shenzhen, China). These
DNBs were sequenced using a 150-base-paired read configuration
(PE150). The metagenomics sequence data were deposited in the
SRA database (PRJNA1356845). Link: https://www.ncbi.nlm.nih.g
ov/sra/PRJNA1356845 . 

Quality control of readings and 

metagenomic analysis 

The raw data obtained in FASTQ format were passed through a
bioinformatics quality filter. The SOAPnuke tool was used. 17 SOAP-
nuke software filter parameters: ‘-n 0.001 -l 20 -q 0.5 –adaMis 3
–minReadLen 150’; the filtering process included the following
steps: (i) filter adapter: if the sequencing read matched 50.0% or
more of the adapter sequence (maximum mismatches of three
bases are allowed), the entire read was removed; (ii) filter read
length: if the sequencing read length was less than 150 bp, the
entire read was discarded; (iii) remove N : if the N content in the
sequencing read represented 0.1% or more of the entire read, the
entire read was removed; (iv) low-quality data filter: if bases with a
quality score lower than 20 in the sequencing read accounted for
50.0% or more of the entire read, the entire read was discarded;
and (v) obtaining clean reads: the output read quality score sys-
tem was set to Phred + 33. 

In order to remove reads from the human host, the Bowtie2 ver-
sion 2.5.4 tool was used to map the reads against the human ref-
erence genome GRCh38. This process of removing reads from the
host was complemented using the Kraken2 version 2.1.3 program
through the script ( https://github.com/jenniferlu717/KrakenToo
ls?tab=readmeovfile#extract_kraken_readspy ). The percentages
of microbial readings before and after filtration are summarized
in Supplementary Table 1 . 

To determine the taxonomic composition of each sample, the
Kraken2 tool version 2.1.3 was used, which compares the reads
obtained by sequencing against the PLUSPF database. Subse-
quently, to obtain a more accurate estimate of the abundance of
each species and correct for potential biases in the initial assign-
ment, the Kraken2 results were refined using the Bracken tool (ver-
sion 2.9). 18 Additionally, to quantify alpha diversity within each
sample, the abundance data were normalized using the cumu-
ollection. 
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package. 19 With the normalized data, alpha diversity indices, such 

as community structure indices and the Shannon index, were cal- 
culated using the vegan v2.6.10 package of R version 4.5.0. Ad- 
ditionally, to evaluate the dissimilarity in the taxonomic compo- 
sition between samples (beta diversity), distance matrices were 
calculated using Bray–Curtis. The statistical significance of differ- 
ences in microbial composition among samples was assessed us- 
ing permutational multivariate analysis of variance (PERMANOVA) 
using the adonis function from the vegan package v2.6.10 in R ver- 
sion 4.5.0. Principal component analysis (PCoA) was performed 

based on Bray–Curtis distances. 
Additionally, co-occurrence analyses were performed using 

Spearman’s correlation coefficient, taking into account ( | rs | > 0.6, 
P- value < .05) and using the following packages of the R version 

4.5.0 program: tidyverse, for the manipulation and visualization 

of the databases used; igraph, to build and analyze the correla- 
tion networks between microbial taxa; Hmisc, which was used to 

calculate Spearman’s correlation coefficients and their respective 
statistical significance values using the rcorr function; reshape2, 
which was used to organize data matrices that could be subse- 
quently graphed using the ggraph package. 

To perform a functional analysis of the vaginal microbiome in 

each group, contigs were reconstructed from high-quality reads 
of each sample using the MEGAHIT tool. 20 The quality of each as- 
sembly was assessed using the QUAST tool. 21 From these contigs, 
protein-coding genes were predicted using the Prodigal tool in 

its metagenomic mode. 22 To assign a metabolic function to each 

gene, protein sequences were annotated with eggNOG-mapper v2 
and compared with the eggNOG v5.0 database by alignment with 

DIAMOND. 23 Finally, all statistical analyses were performed using 
R version 4.5.0 and GraphPad Prism version 9.0, considering P - 
values ≤ .05. 

Results 

The abundance of microbial genera that 

shape the vaginal microbiome differs 

between healthy women and women with 

RVVC 

From metagenomic analyses of the vaginal microbiome, differ- 
ences in the abundance of bacterial genera were observed among 
the three groups evaluated. In this regard, the Lactobacillus genus 
was the most abundant in all three groups, with an average abun- 
dance percentage of 70.33% (96.66% in the healthy group, 53.39% 

in the RVVC group, and 62.50% in the severe RVVC group). In ad- 
dition to Lactobacillus , the 10 most abundant genera included 

Gardnerella (8.97%), Prevotella (4.58%), Aerococcus (1.55%), Fan- 
nyhessea (1.14%), Candida (1.13%), Ureaplasma (0.37%), Sneathia 

(0.28%), Metamycoplasma (0.27%), and Bifidobacterium (0.085%) 
(Fig. 1 ). 

At the species level, the analyses revealed that the most abun- 
dant species in the group of healthy women was L. crispatus 
(80.17%), unlike the groups of women with RVVC, where the 
most abundant species was L. iners , with an average relative 
abundance of 52.16%. Furthermore, compared to the group of 
healthy women, a significant increase in the abundance of bacte- 
rial species such as G. vaginalis (10.15%), G. swidsinskii (4.5%), and 

P. bivia (11.61%) was observed in the groups of patients with RVVC 

Figure 1 Composition of the vaginal microbiome of healthy women and 

women with RVVC, at the genus level. Thirty-four samples were 

evaluated, divided into three groups: Group 1: healthy women ( n = 11, 

control group); Group 2: women diagnosed with RVVC ( n = 14) who had 

experienced 3–7 VVC episodes in the past year; Group 3: women 

diagnosed with RVVC ( n = 9) who had experienced ≥8 VVC episodes in 

the past year (severe RVVC). 

Figure 2 Composition of the vaginal microbiome of healthy women and 

women with RVVC, at the species level. Thirty-four samples were 

evaluated, divided into three groups: Group 1: healthy women ( n = 11, 

control group); Group 2: women diagnosed with RVVC ( n = 14) who had 

experienced 3–7 VVC episodes in the past year; Group 3: women 

diagnosed with RVVC ( n = 9) who had experienced ≥8 VVC episodes in 

the past year (severe RVVC). 

(Figs 2 and 3 ). At the species level, no significant differences in the
bacterial composition were observed between the two groups of
patients with RVVC. 

Considering the importance of Lactobacillus in the vaginal
microbiota, species-specific analyses of this genus were per-
formed. These analyses showed that, in addition to differences
in the relative abundances of L. crispatus and L. iners between
healthy women and patient groups, the groups of women with
RVVC presented a significant decrease in the abundance of L.
gasseri in comparison with healthy group (Fig. 3 ). No differ-
ences in abundance were observed among the three groups of
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Figure 3 Comparison of the relative abundance of the most representative bacterial species in the groups evaluated. The results indicate significant 

differences in the relative abundance of some bacteria between the different groups tested. Results are expressed as mean ± standard error (SEM). 

∗P- value < .05 ; ∗∗P -value < .001. 
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 Supplementary Fig. 1 ). 

atients with RVVC have greater 

-diversity compared to healthy women 

-Diversity analyses were performed by calculating the Shannon–
iener index. These analyses demonstrated that the α-diversity 

f the vaginal microbiome in the groups of women with RVVC 

nd severe RVVC was significantly higher than that of the healthy 
omen ( P -value = .0052 and P -value = .016, respectively). How- 

ver, no significant differences were observed between the RVVC 

nd severe RVVC groups ( P -value = .254) ( Supplementary Fig.S2 ). 
n addition to the above, the effects size was calculated using 
he rank-biserial correlation coefficient ( r (rb)); these analyses re- 
ealed large effect sizes for comparisons between healthy women 

nd RVVC ( r (rb) = −0.87) and between healthy women and severe 
VVC ( r (rb) = 0.73), while the comparison between RVVC and se- 
ere RVVC showed a small effec t siz e ( r (rb) = −0.04). Additionally, 
 PCoA based on Bray–Curtis distances by Adonis/PERMANOVA 

as performed to evaluate β-diversity at the level of the vagi- 
al microbiome. In this analysis, the first principal component 
xplained 44.4% of the variation, and the second principal com- 
onent explained 25.8% of it. From the PCoA, it was determined 

hat no differ ential clustering patterns were observed between the 
roups ( Supplementary Fig. 3 ). 

nalysis of the interactions between 

andida albicans and the main 

icroorganisms that shape the vaginal 

icrobiota in patients with RVVC 

ased on the clustering patterns obtained, three co-occurrence 
etwork analyses were performed, considering significant corre- 

ations between species ( | rs | > 0.6, P -value < .05). The character- 

istics of the interactions varied in each of the groups evaluated. Re-
garding the group of patients with RVVC and severe RVVC, a nega-
tive correlation was observed between C. albicans and L. crispatus .
Additionally, in the three groups evaluated, a positive correlation
pattern was observed between C. albicans and L. iners . Further-
more, the correlation patterns between C. albicans and bacteria
associated with vaginal infections varied depending on the group
studied, as observed in the co-occurrence graphs (Fig. 4 ). 

Metabolic pathway analyses of the vaginal 

microbiome show significant differences 

between groups of healthy women and 

patients with RVVC 

Predictive analyses of metabolic potential were performed based
on metagenomic data between the groups of healthy women and
women with RVVC. The results allowed us to identify the main
metabolic pathways in the context of the vaginal microbiome, tak-
ing into account the Kyoto Encyclopedia of Genes and Genomes
(KEGG) database ( Supplementary Fig. 4 ). Significant differences
were observed between healthy women and women with RVVC in
the proportion of gene sequences related to purine metabolism
(Fig. 5 ), as well as in gene sequences involved in the carbohy-
drate phosphotransferase system (PTS); fructose and mannose
metabolism; the pentose phosphate pathway; and cysteine and
methionine metabolism (Fig. 6 A–D). Noteworthy, only a significant
difference in pentose phosphate pathway was observed between
the groups of women with RVVC. 

Discussion 

Candida spp. are part of the vaginal microbiota of healthy women,
with C. albicans being the most common species. 24 However, in
the presence of risk factors such as the use of broad-spectrum an-
tibiotics, pregnancy, corticosteroids, diabetes, and immune sys-
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Figure 4 Analysis of the interrelationship between the main microorganisms that are part of the vaginal microbiome. Co-occurrence network diagram in 

the group of healthy women (A), in women with RVVC (B), and in women with severe RVVC (C). Edges represent significant correlations between pairs of 

microorganisms. The thickness and opacity of the edges represent the absolute strength of the correlation. Red edges represent a positive correlation, 

blue represents a negative correlation, and white or light tones represent neutral correlations. Only microorganisms that were significantly correlated 

are included. ( | rs | > 0.6, P -value < .05.) 

Figure 5 Proportion of sequences related to purine metabolism. The 

microbiome analysis was performed on healthy women and women with 

VVC. Results are expressed as mean ± standard error (SEM). 

∗P- value < .05 . 
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tem disorders, among others, 25 C. albicans can transition from a 
commensal to a pathogenic state. 

During this transition, the yeasts initiate the formation of hy- 
phae, which are characterized by their ability to adhere, penetrate, 
and invade the vaginal epithelium, 26 which can lead to the de- 
velopment of VVC and, in some cases, RVVC. 27 The vaginal micro- 
biome has been reported to play a key role in the pathogenesis 
of vaginal infections, which is why vaginal dysbiosis has been as- 
sociated with the risk of acquiring infections such as VVC/RVVC. 28 

It has been described that in healthy women of reproductive age, 
the microbiota is characterized by the presence of a species of 
Lactobacillus , whose relative abundance can exceed 90%. 29 This 
is confirmed by the results of relative abundance observed in the 
present study, where in the group of healthy women, the most 
abundant bacterial genus was Lactobacillus , with a percentage 
greater than 95%, unlike the groups of women with RVVC or se- 
vere RVVC where said abundance did not exceed 65% with respect 
to the total identified genera. Additionally, it has been reported 

that in patients with VVC/RVVC generally there is an increase in the 
abundance of bacterial genera associated with bacterial vaginosis 
such as Gardnerella , Prevotella , and Atopobium , 30 which agrees 
with the results of the present study, where in the groups of pa- 
tients with RVVC and severe RVVC presented an increase in the rel- 
ative abundances of the genera Gardnerella , Prevotella , Aerococ- 
cus , and Fannyhessea . 

bacillus spp. the most abundant genus in both the group of healthy
women and in the groups of patients with RVVC and severe RVVC,
in the latter two, a notable change in the composition of Lacto-
bacillus species is observed. 

In the group of healthy women, the most abundant species
were L. crispatus followed by L. gasseri , while in the groups of
women with RVVC, the most abundant species was L. iners . Con-
sidering the above, it has been reported that the metabolic ca-
pacity of Lactobacillus species plays a key role in pathogenesis of
RVVC. Similar to the findings of this study, other authors have re-
ported that in patients with RVVC there is a decrease in the rel-
ative abundance of D-lactic acid-producing Lactobacillus species 
such as L. crispatus and an increase in L-lactic acid-producing
species such as L. iners , the latter isoform being associated with
less protection against pathogens at the vaginal level. 7 , 33 The
production of D-lactic acid promotes a vaginal pH < 4.5, which
inhibits the morphological change of C. albicans from yeast to
hypha. 34 

Additionally, unlike L. crispatus , L. iners does not produce hy-
drogen peroxide (H2 O2 ), suggesting that this species exerts a
lower protective capacity compared to L. crispatus. 34 On the other
hand, it has been reported that L. iners has the ability to produce
inerolysin, which is a cholesterol-dependent cytolytic toxin that
can cause damage to the vaginal epithelium, thus promoting Can-
dida spp. invasion as well inflammation. 29 
Five types or groups of vaginal bacterial communities (CST) 
with a predominance of Lactobacillus spp. have been reported: L. 
crispatus (CST I), L. gasseri (CST II), L. iners (CST III), and L. jensenii 
(CST V), while the CST IV group presents a predominance of fac- 
ultative anaerobic bacteria, mainly G. vaginalis. 31 Regarding the 
above, in this study, it was observed that the group of healthy 
women was associated with the CST I type, while the groups of pa- 
tients with RVVC and severe RVVC were associated with the CST III 
type, this is interesting since it has been reported that the CST III 
type is more common in women of Asian and Caucasian ethnicity, 
while in Latin women the CST IV group is the most common. 32 This 
apparent contradiction may reflect regional and cohort–specific 
differences in vaginal microbiome composition, which can be in- 
fluenced by factors such as lifestyle, diet, and sexual practices that 
vary even within broadly defined ethnic groups. Although at the 
genus level, the vaginal microbiome is relatively stable, with Lacto- 
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Figure 6 Proportion of sequences related to different metabolic pathways of the vaginal microbiome. (A) Phosphotransferase system (PTS), (B) fructose 

and mannose metabolism, (C) pentose phosphate pathway, and (D) cysteine and methionine metabolism. Results are expressed as mean ± standard 

error (SEM). ∗P- value < .05 ; ∗∗ P -value < .001 . 
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As in the present study, Liang et al. reported a high α-diversity 
n patients with RVVC compared to healthy women. 30 This could 

e related to the fact that in patients with vaginal infections, an in- 
rease in the richness of species belonging to genera such as Gard- 
erella , Prevotella , Faecalibacterium , Atopobium , or opportunistic 
erobic bacteria such as Streptococcus spp., Staphylococcus au- 
eus , coagulase-negative staphylococci, and Escherichia coli has 
een observed. 10 , 28 

From co-occurrence analysis, inferences can be made about 
he possible ecological interactions that occur between microor- 
anisms in the vaginal microenvironment; these analyses showed 

hat in the group of patients with RVVC and severe RVVC, the in- 
eraction between L. iners and C. albicans is positive and neutral, 
espectively; thus, it has been described that L. iners can promote 
he growth and proliferation of C. albicans due to the upregulation 

f the expression of genes associated with biofilm formation such 

s HWP1 , ALS3 , and ECE1. 35 However, it is important to note that 
hese observations reflect associations rather than direct causal 
ffects. On the other hand, in the group of healthy women, posi- 
ive or neutral interaction patterns were observed between C. albi- 
ans and Lactobacillus spp., which could be related to the fact that 
n healthy women, Candida spp. have been reported to be found 

ainly in its commensal state with a low to moderate fungal load, 
hich is an indicator of eubiosis of the vaginal microbiota. 36 , 37 

Additionally, the analysis of the metabolic potential led to the 
bservation that in the groups of patients with RVVC, there is an 

enrichment in genes related to purine metabolism. This finding
is significant since it has been reported that in fungal pathogens
such as C. albicans , de novo purine biosynthesis is essential dur-
ing infection, since it may confer a selective advantage against
the host immune response. In line with this, it has been re-
ported that the elimination or interruption of enzymes of the de
novo purine pathway in Aspergillus fumigatus , Cryptococcus ne-
oformans , and C. albicans is associated with a decrease in their
virulence. 38 However, in the absence of direct metabolomic mea-
surements, the functional interpretation of enriched KEGG path-
ways associated with purine metabolism pathways should be con-
sidered cautiously; for that reason, the enrichment in genes re-
lated to purine metabolism in RVVC groups could also reflect a
higher bacterial load or a relative increase in housekeeping genes,
rather than an actual metabolic change; moreover, some authors
have also reported that communities dominated by anaerobes
may appear functionally enriched simply due to broader genomic
repertoires in comparison with L. crispatus . 39–41 Additionally, in
the present study it was observed that in the groups of patients
with RVVC, there is a lower proportion of sequences associated
with the carbohydrate PTS; a system responsible for carbohydrate
metabolism, especially in the catabolic and anabolic processes of
glucose. 42 Lactobacillus spp. can acidify the vaginal microenviron-
ment by producing lactic acid from substrates such as glycogen
or other carbohydrates; thus, the decreased proportion of PTS-
associated sequences in the microbiome of women with RVVC
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could be due to the decreased relative abundance of Lactobacil- 
lus spp. and a possible decrease in glycogen levels in these pa- 
tient groups. 43 Additionally, the reduction in the proportion of 
PTS-associated sequences observed in the RVVC patient groups 
could also suggest that the microorganisms present, in addition 

to glycogen metabolism, could be using alternative routes to ob- 
tain energy. 44 It has been reported that fructose is one of the least 
abundant carbohydrate sources in the vagina. Compared to the 
group of healthy women, patients with RVVC exhibited a predom- 
inance in the relative abundance of Gardnerella spp. This is inter- 
esting, considering that bacteria such as G. vaginalis have the abil- 
ity to metabolize both fructose and starch, unlike other bacteria 
such as L. iners , which do not have this ability. 45 

A higher proportion of sequences associated with the pentose 
phosphate pathway was identified in the group of patients with 

RVVC compared to the group of healthy women. This finding is re- 
lated to other studies in which it was identified that women with 

asymptomatic bacterial vaginosis and low relative abundance of 
L. crispatus presented a higher proportion of sequences related to 

the pentose phosphate pathway. 46 With respect to the proportion 

of sequences related to cysteine and methionine metabolism, it 
was observed that in the group of patients with RVVC, this pro- 
portion is lower compared to the group of healthy women. This 
result is in line with the findings of a study conducted in South 

Africa, in which higher levels of cysteine were observed in vagi- 
nal discharge from healthy women, with a dominance of Lacto- 
bacillus spp., compared to women with vaginal dysbiosis. 47 Tak- 
ing the above into account, differential results were observed in 

the metabolic potential of some biological processes depending 
on the severity of RVVC, which clearly indicates that the study of 
metabolic interactions in these microorganisms that make up the 
vaginal microbiota may be key to elucidating biological markers 
or mechanisms by which RVVC can occur in a severe and recurrent 
manner. 

Unlike amplicon sequencing, shotgun sequencing allows for 
the detection of gene function, enabling inferences about the 
metabolic potential of a given microbiome. Accordingly, this study 
analyzed the metabolic potential in samples from healthy women 

and patients with RVVC. However, it should be emphasized that 
further in vitro and in vivo experiments are required to validate 
these findings and identify potential therapeutic targets for RVVC. 
Moreover, research with larger sample sizes in Latin American 

women is needed to confirm the findings described in this study, 
and thereby better understand the dynamics between the vaginal 
microbiota and the risk of acquiring RVVC. 

This study has several limitations that should be acknowl- 
edged. First, the relatively small sample size, particularly within 

the subgroup of women with severe RVVC, may limit the generaliz- 
ability of the findings and reduce statistical power to detect subtle 
microbiome differences; in that order, the absence of significant 
differences between RVVC and severe RVVC groups should be in- 
terpreted with caution, as the limited sample size may reduce sta- 
tistical power. Therefore, the possibility of observing subtle bio- 
logical differences cannot be ignored. Second, the cross-sectional 
study design precludes any inference of causality or temporal rela- 
tionships between vaginal microbiome alterations and RVVC, and 

it remains unclear whether the observed microbial patterns pre- 
cede or result from recurrent infections. In addition, functional 
pathway predictions were inferred from metagenomic data and 

were not validated by transcriptomic or metabolomic analyses. Fi- 

nally, samples were collected at a single time point, and longitudi-
nal studies are needed to assess microbiome dynamics over time
and their association with recurrence patterns. 

Conclusions 

In conclusion, our study provides relevant information on the
characteristics of the vaginal microbiome in a cohort of Colom-
bian women with RVVC. The results of this study confirm that
susceptibility to experiencing recurrent episodes of RVVC could
be associated with an increased abundance of bacteria associ-
ated with vaginal infections, such as G. vaginalis and P. bivia .
Interestingly, no significant differences were found between the
groups of women with RVVC and severe RVVC that would al-
low correlation with the degree of severity, clearly suggesting
that factors other than the composition of the vaginal microbiota
could be associated with the degree of severity or recurrence.
These findings highlight the complexity and importance of study-
ing the vaginal microbiome in the context of RVVC, to search for
potential therapeutic strategies that allow preventing and treat-
ing these types of infections from a personalized and differential
approach. 
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