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Abstract: Candida albicans is the most prevalent fungal microorganism of human microbiota and one
of the few fungi capable of causing diseases in humans, depending on the host’s immune defense
capacity. The similarity between fungal and host cells promotes several adverse effects during
antifungal pharmacotherapy, and antimicrobial resistance increase is a major concern. Therefore,
the search for alternative treatments and prevention strategies is urgent. In this context, probiotic
bacteria, such as the strain Enterococcus faecium CRL 183, seem to be a viable alternative with its
benefits to the immune system, activity against pathogens, and safety use well-documented through
in vitro, in vivo, and clinical studies. Thus, this study aimed to evaluate if this probiotic strain
prevents C. albicans ATCC 90028 biofilm colonization in vitro. To test the anti-Candida activity of
the probiotic strain E. faecium CRL 183, we combined polymicrobial biofilms (C. albicans + E. faecium)
with different proportions of fungi: a probiotic was formed (1:1, 1:10, 1:100) during the formation
(24 h) and maturation (48 h) periods of the biofilm. The results show that E. faecium established itself
with C. albicans in polymicrobial biofilms without losing its cellular viability. The probiotic strain
significantly antagonized (p < 0.0001) C. albicans biofilm formation (up to 99.9% reduction in 24 h)
and maturation (up to 99.43% reduction in 48 h). According to these results, E. faecium CRL183 may
be a promising resource to prevent the formation of fungal biofilms.

Keywords: probiotics; biofilms; anti-candida activity; polymicrobial biofilms/Enterococcus faecium
CRL 183; Candida albicans ATCC 90028

1. Introduction

Candida albicans is the most prevalent fungal species of human microbiota that innocu-
ously colonizes the human skin and mucosa, as well as the gastrointestinal and reproductive
tract [1]. It is also one of the few fungi capable of causing diseases in humans, commonly
characterized as superficial infections such as oral or vaginal candidiasis, affecting 75% of
women at least once in their lifetime [1,2].

In certain patient groups, superficial infections may become invasive, reaching the
bloodstream (candidemia) or vital organs such as the kidneys, liver, and heart [2–4]. It can
occur when C. albicans overgrowth because of an imbalance in the host microbiota due
to changes in local pH and nutritional availability or the impairment of the host immune
defenses [1]. Highly associated with nosocomial infections, it is the fourth most isolated
microorganism in the bloodstream, with mortality rates of up to 40% [1,4] Among its main
virulence factors, we can highlight the polymorphism, production of toxins, hydrolytic
enzymes, and biofilm formation [3,5–8].

Like most infections caused by biofilms, C. albicans infections are long-lasting, difficult
to eliminate, and highly resistant to pharmacotherapy, such as amphotericin B, fluconazole,
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voriconazole, and nystatin [9]. Furthermore, fungi and humans are eukaryotes, and their
cells are similar at the molecular level, making it more difficult to find or design drugs that
target fungi without affecting human cells [10]. In this way, the search for alternatives for
treating and preventing diseases, especially the ones caused by fungal biofilms, is urgent.
Among the current alternatives, researchers have been investigating the action of probiotics,
which are defined as “live microorganisms, which, when administered in adequate amounts,
confer a health benefit on the host” [11]. Such microorganisms should preferably be of
human origin, among which stand out the genera Lactobacillus, Bifidobacterium, and, to a
lesser extent, Enterococcus, Streptococcus, and Saccharomyces [12].

It is well established that a great variety of probiotic strains could impair C. albicans
biofilm formation and maturation [5,13,14] and inhibit the fungal polymorphism, adhesion,
and invasion of host tissues [14–16]. Probiotics are also able to downregulate several genes
associated with virulence factors of C. albicans, such as ALS3, HWP1, BCR1, and CPH1 [14].

Among these microorganisms, the interaction between the genera Enterococcus spp.
and Candida spp. seems particularly interesting. Both are commonly co-isolated from the
same niches, either as commensal members of the microbiota, colonizing the gut, or in
polymicrobial infections, losing in prevalence in those cases only to S. aureus [17]. The
literature also shows that the fungus favors this bacterium [18,19], whereas Enterococcus spp.
significantly attenuates fungus virulence in polymicrobial infections through the secretion
of proteases, bacteriocins, and lactic acid [10,17,20–22]. These findings show that several
Enterococcus spp. metabolites can considerably reduce polymorphism, the total biofilm
biomass [20–22], epithelial invasion, inflammation, and fungal load in a murine model of
oropharyngeal candidiasis through an increase in macrophages antifungal activity [22].
Another anti-Candida protein (ACP) characterized by Shekh and Roy [10] showed a broad-
spectrum activity against eight strains of multidrug-resistant C. albicans. It is important to
highlight that the bacterial strain used against Candida spp. was described as innocuous in
none of these studies, much less having a probiotic claim [10,17,20–22].

There is a lot of concern about Enterococcus spp. due to its ability to become resistant
to antibiotics and transfer resistance genes, especially vancomycin resistance, to other
pathogens [23]. Because of that, the anti-Candida activity of Enterococcus spp. metabolites
has been evaluated, whereas the cell–cell interaction was not considered suitable. However,
the direct competition for adhesion sites and nutrients may be a potentiator of the anti-
Candida effect promoted by bacteria metabolites [5,13,14,16,24].

Enterococcus faecium CRL 183 is a probiotic strain isolated from traditional Argentinian
cheese with no virulence factors, pathogenicity, antimicrobial resistance, or adverse effects
identified [25]. Several beneficial systemic effects promoted by this probiotic strain are
documented, i.e., the modulation of the immune system and intestinal microbiota, reduc-
tions in symptoms related to colitis [26], the regulation of the lipid profile, the inhibition of
atherosclerotic lesions [27,28], breast adenocarcinoma [29], chemically induced colon cancer
development [30], and body weight gain [31] in different murine models. Furthermore, the
regular intake of a soy product fermented with the same strain was related to a positive
modulation of the lipid profile in moderately hypercholesterolemic patients [32]. It is
essential to highlight that in some of those studies, E. faecium CRL183 was used as a starter
culture of a fermented soy-based product, either combined or not with other probiotic
strains [28,29,31,32].

E. faecium CRL183 also inhibited S. mutans growth in an agar well diffusion assay, and
it was resistant to human saliva, showing the ability to grow (up to 3.64 Log10 CFU/mL) in
this environment after 24 h. These results indicate its potential to colonize the oral cavity
and act as an alternative approach to local infection control [33]. Therefore, this study
aimed to evaluate if E. faecium CRL 183 could prevent C. albicans biofilm formation and
maturation through direct competition, as the antifungal activity of this strain has never
been tested.
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2. Materials and Methods

The probiotic strain E. faecium CRL 183 was obtained from the Reference Center for
Lactobacilli—CERELA/CONICET (San Miguel de Tucumán, Tucumán, Argentina) and C.
albicans ATCC 90,028 were obtained from the American Type Culture Collection (Manassas,
VA, USA). The microorganisms were kept frozen at −80 ◦C in a cryogenic tube containing
proper culture media with the addition of 20% v/v glycerol up to the time of its use.

Before their use, the strains were thawed and subcultured in specific culture media: E.
faecium in Bile Esculin Agar (Acumedia, Lansing, MI, USA) and C. albicans in Sabouraud
Dextrose Agar supplemented with chloramphenicol (0.00005 g/mL) (SDA—Acumedia,
Lansing, MI, USA) and incubated at 37 ◦C for 48 h.

2.1. Assurance of Probiotic Strain Safety

As stated before, E. faecium CRL 183 has its safety consumption attested through many
in vivo and clinical studies. It does not show any antibiotic resistance genes or virulence
factors [25,26]. The E. faecium CRL 183 was submitted to the antimicrobial susceptibility test
by disc diffusion performed according to the Clinical and Laboratory Standards Institute
(CLSI) [34].

A standard inoculum (turbidity equivalent to a McFarland 0.5 scale) was seeded with
a sterile swab in 140 × 15 mm Petri dishes (Corning®, Corning, New York, NY, USA)
containing Mueller Hinton Agar (Difco, Detroit, MI, USA). Discs containing antimicrobials
ciprofloxacin 5 mg; chloramphenicol 30 mg; erythromycin 15 mg; nitrofurantoin 300 mg;
norfloxacin 10 mg; tetracycline 30 mg; and vancomycin 30 mg (SENSIFAR—Cefar Diagnos-
tica, São Paulo, São Paulo, Brazil) were placed on the inoculated agar with the aid of sterile
forceps. The plates were incubated at 35 ± 2 ◦C, with an incubation time of 16–18 h for most
antimicrobials, except for vancomycin, which required 24 h of incubation. After this period,
the diameter of inhibition growth halos caused by the antimicrobial discs was assessed.
The results were interpreted according to the criteria recommended by the Clinical and
Laboratory Standards Institute (CLSI) [34].

2.2. Biofilm Formation and pH Evaluation

The biofilm assays were carried out following the methods described by Fontana
et al. [35] and Zago et al. [8], with modifications. The microorganisms freshly cultivated as
described in growth conditions were inoculated with a sterile loop in 2 mL of enriched broth
containing 0.026 g/mL of brain–heart infusion (BHI—Kasvi, Curitiba, Brazil), 0.01 g/mL
of yeast extract (YE—Acumedia, MI, USA), 0.02 g/mL of trypticase soy broth (TSB—
Acumedia, MI, USA), and were supplemented with 20% g/mL sucrose (Synth, Diadema,
Brazil) to obtain yeast and probiotic bacteria inoculum [8,35]. The suspensions obtained
were standardized by spectrophotometry reading on a Synergy H1M microplate reader
(Biotek, Winooski, VT, USA). The two standardized microbial suspensions were then
diluted to obtain different inoculums of yeast (106 or 108 CFU/mL) and probiotics (107 or
108 CFU/mL).

Monospecies biofilm assays were conducted on 96-well microplates with each well
containing 75 µL of yeast or probiotic suspension plus 75 µL of enriched broth, i.e., 150 µL
per well. Polymicrobial biofilm assays were also performed in 96-well microplates, with
each well containing the suspension of each microorganism in the following proportions:
75 µL C. albicans 108 CFU/mL + 75 µL E. faecium 108 CFU/mL (1:1), 75 µL C. albicans
106 CFU/mL + 75 µL E. faecium 107 CFU/mL (1:10), and 75 µL C. albicans 106 CFU/mL +
75 µL E. faecium 108 CFU/mL (1:100). The microplates were incubated at 35 ± 2 ◦C for 24 h
to evaluate the interaction of microorganisms in biofilm adhesion and formation for 48 h to
evaluate it in the biofilm maturation.

In the case of 48 h biofilms, they were split into two groups (48A and 48B) to evaluate if
the metabolites produced by E. faecium within the first 24 h played or did not play a role in
the destabilization of C. albicans biofilms. In group 48A, after the first 24 h, the supernatant
from each well was carefully replaced with 150 µL of fresh enriched broth, and the plates
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returned to the incubator. Therefore, the metabolites produced were removed, and new
nutrients were added to the microenvironment. In group 48B, no intervention was made
during the 48 h of incubation.

After the formation (24 h) and maturation (48 h) times of the biofilms, all the super-
natants from the wells were aspirated carefully to avoid the removal of adhered biofilms,
and the pH of those supernatants was measured with pH-fix test strips (Neumann-Neander,
Düren, Germany). After this procedure, the supernatant was discarded.

2.3. Quantification of Viable Cells and Determination of the Anti-Candida Activity of E. faecium
CRL 183

The adhered biofilms were scraped off the wells and resuspended vigorously in 150 µL
of enriched broth with a sterile pipette tip for 30 s. Serial decimal dilutions of those suspen-
sions were made using the culture medium itself as a diluent. Monospecies biofilms were
quantified by plating the obtained dilutions in SDA supplemented with chloramphenicol
(for C. albicans) and Bile Esculin Agar (for E. faecium). The polymicrobial biofilms were
plated onto both culture media. The plates were incubated for 24 h at 35 ± 2 ◦C, and the
number of fungal and probiotic cells present in the biofilms was determined by count-
ing colony-forming units (CFU). The experiments were performed in four replicates and
repeated in three independent assays.

The decimal reduction (DR) of Candida albicans cell viability in the presence of probiotic
strain is determined using Equation (1):

DR = Log10 (Cam) − Log10 (Cap) (1)

where Cam is the colony-forming unit (CFU/mL) values of C. albicans present in the
monospecies biofilms (positive control) and Cap is the colony-forming unit (CFU/mL)
values of C. albicans present in the polymicrobial biofilms.

Then, the percentual reduction (PR) in fungal population in the polymicrobial biofilms
after 24 or 48 h can be calculated with Equation (2):

PR = (1 − 10−DR) × 100 (2)

where DR is the decimal reduction obtained by Equation (1).

2.4. Scanning Electron Microscopy (SEM)

This analysis was performed through FEG-SEM (Model JSM-7500F, JEOL, Tokyo,
Japan) to visualize the interactions between probiotics and yeasts within the biofilms. The
experimental conditions were as follows: polymicrobial biofilm at 1:100 pathogen: probiotic
ratio and monospecies biofilms: C. albicans (initial inoculum of yeast: 106 CFU/mL) and
E. faecium (initial inoculum of bacteria 108 CFU/mL). Biofilms were formed as described
above in a sterile coverslip placed at the bottom of 6-well microliter plates.

After the periods of incubation (24 h or 48 h), the biofilm supernatants were gently
removed, and the coverslips were washed with PBS. The biofilms were fixed with a 2.5%
v/v glutaraldehyde solution (Merck, Darmstadt, Germany) and then dehydrated with an
ethanol series (30% v/v, 50% v/v, 70% v/v, 85% v/v, and 95% v/v ethanol solution for
15 min each; two washes with 100% v/v ethanol for 15 min). The samples were dried at
37 ◦C and kept in a vacuum desiccator until the analysis day.

The coverslips containing adhered biofilms were then attached to the stub surfaces
with double-sided adhesive tape, coated with a layer of carbon, and observed through
FEG-SEM (JEOL JSM-7500F). The photomicrographs were taken at 1000×, 3000×, and
5000× magnifications.

2.5. Statistical Analysis

To verify the statistical significance, the results were submitted to one-way ANOVA
followed by Tukey’s multiple comparisons test (parametric data). This was performed
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using GraphPad Prism version 7.00 for Windows (GraphPad Software, La Jolla, CA, USA)
with a minimum significance level of 5% (p ≤ 0.05).

3. Results
3.1. Assurance of Probiotic Strain Safety

The antimicrobial susceptibility test results (Table 1) were interpreted according to
the standard table for the interpretation of inhibition halos present in the diagnostic test
package insert following CLSI recommendations [34]. The probiotic strain was sensitive
to the antimicrobials tested, including vancomycin. Regarding erythromycin (15 mg), E.
faecium CRL 183 exhibited an inhibition zone diameter of 22 mm, showing intermediate
sensitivity to this antibiotic (14–22 mm: intermediate; 23 mm: sensitive).

Table 1. E. faecium CRL 183 antimicrobial susceptibility test by disc diffusion.

Antimicrobials Inhibition Zone Diameter
(mm)

Interpretation
(mm) *

Ciprofloxacin 5 mg 30 Sensitive (≥21)
Chloramphenicol 30 mg 27 Sensitive (≥18)

Erythromycin 15 mg 22 Sensitive (≥23)
Nitrofurantoin 300 mg 30 Sensitive (≥17)

Norfloxacin 10 mg 25 Sensitive (≥17)
Tetracycline 30 mg 24 Sensitive (≥19)
Vancomycin 30 mg 19 Sensitive (≥17)

* Zone Diameter Interpretive Criteria (mm), according to the CLSI [34].

3.2. Biofilm pH Evaluation

For C. albicans monospecies biofilms in formation, the supernatant pH was 7.0 at all
concentrations tested. After 48 h, with or without culture medium renewal, the pH was
reduced to 5.0. There was no difference between the pH of E. faecium monospecies biofilm
supernatants and the polymicrobial biofilm supernatants in any experimental conditions
(initial concentration, incubation time, and culture medium exchange), which remained in
the order of 5.0.

3.3. Anti-Candida Activity of E. faecium CRL 183

The interaction between the fungus and probiotics was analyzed in polymicrobial
biofilms. The survival of E. faecium in an environment co-colonized by C. albicans was
evaluated by quantifying its colonies and comparing it with the results obtained in the E.
faecium monospecies biofilm (control). It was observed that this probiotic could establish
itself and survive in the microenvironment, competing for space and nutrients with C.
albicans. There was a significant statistical difference with the control group only in the 1:1
ratio of fungus/probiotic (Figure 1). The renewal of the culture medium in 48 h biofilms
(48A) did not result in a statistically significant difference with the non-renewal group (48B)
in the ratios 1:10 and 1:100 (Figure 1B). In the ratio 1:1, the renewal of the culture medium
(48A) impaired E. faecium survival in the presence of C. albicans if compared with group
48B. Presumably, metabolites produced within the first 24 h helped E. faecium survive in
the microenvironment, where there was a high concentration of C. albicans.

Despite this positive effect that C. albicans exerts concerning Enterococcus spp. the
association between these microorganisms cannot be considered mutually beneficial. This is
especially true in the context of the present study since the presence of the fungus impaired
the viability of E. faecium only in the 1:1 ratio (Figure 1), while the probiotic negatively
affected the cellular viability of C. albicans in all experimental conditions (Figure 2). The
reduction in C. albicans within the 24 h biofilms ranged from 1.57 to 3.08 Log10 CFU/mL;
these results indicate that, during the formation of biofilms, the fungal reduction depends
on the probiotic concentration. However, in terms of the percentage of viable cell reduction,
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ranging from 97.12% to 99.92% for 24 h biofilms, there was no statistical difference between
1:1, 1:10, and 1:100.

Figure 1. Cell viability of E. faecium in the presence of C. albicans. (A) Biofilm formation. (B) Biofilm
maturation; 48A: group with metabolites withdrawal and nutrients renewal. 48B: group without
interventions. CTRL—monospecies biofilms of E. faecium (control); 1:1, 1:10, 1:100—polymicrobial
biofilms in different ratios of C. albicans/E. faecium. Each column represents the mean of three
independent experiments, each performed in quadruplicate (n = 12); the bars represent the standard
deviation. The asterisks indicate when there was a statistically significant difference in relation to the
control group (* p = 0.03; *** p = 0.0003). ANOVA, followed by Tukey’s post-test.

Figure 2. Cell viability of C. albicans in the presence of E. faecium. (A) Biofilm formation. (B) Biofilm
maturation; 48A: group with metabolites withdrawal and nutrients renewal. 48B: group without
interventions. CTRL—monospecies biofilms of C. albicans (control); 1:1, 1:10, 1:100—polymicrobial
biofilms in different ratios of C. albicans/E. faecium. Each column represents the mean of three
independent experiments, each performed in quadruplicate (n = 12); the bars represent the standard
deviation. The asterisks indicate when there was a statistically significant difference in relation to the
control group (**** p < 0.0001). ANOVA, followed by Tukey’s post-test.

In mature polymicrobial biofilms (48 h) C. albicans reduction ranged from 2.00 to
2.30 Log10 CFU/mL (Figure 2) corresponding to the PR of 99 to 99.43% for this group
where the removal of metabolites and renewal of nutrients took place (48A), which was
not significantly different from the 48B group where a reduction from 1.46 to 2.15 Log10
CFU/mL was observed (Figure 2) or, in percentage, 96.54 to 99.30%. The 48 h results
indicate that the fungal reduction was not dependent on the initial probiotic dose for
mature biofilms since there was no significant statistical difference between the groups (1:1,
1:10, and 1:100).

3.4. Scanning Electron Microscopy (SEM)

The SEM analysis is shown in Figure 3 and allows us to illustrate the results ob-
tained by counting colony-forming units. In monospecies biofilms or controls, it was
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possible to observe cellular aggregates surrounded by EPS and scattered throughout the
coverslips. A lower number of fungal cells (Figure 3A–D) was observed compared to bacte-
ria (Figure 3E–H), which corroborates the cell counting results obtained for monospecies
biofilms. In polymicrobial biofilms (Figure 3I–L), it was possible to observe a considerable
reduction in the number of C. albicans cells compared to the control biofilms (Figure 3A–D)
of this species. This did not occur with the number of E. faecium seen in the polymicrobial
biofilm, which was equal to that found in the monospecies biofilm. Furthermore, the
images of the polymicrobial biofilms (Figure 3I–L) permitted the evaluation that there is a
physical interaction between the fungus and the probiotic cells.

 

Figure 3. Scanning electron micrographs (SEMs) of C. albicans monospecies biofilm in formation
(A,B) and maturation (C,D); E. faecium monospecies biofilm in formation (E,F) and maturation (G,H);
and polymicrobial biofilms in formation (I,J) and maturation (K,L). The arrow indicates the damage
caused to the morphology of C. albicans in the presence of E. faecium.

4. Discussion

While adverse effects due to the administration of probiotic bacteria are uncommon,
ensuring its susceptibility to antimicrobials is mandatory. It is known that antibiotic
resistance can be intrinsic or acquired due to a chromosomal mutation or by horizontal
gene transfer [36]. There is a particular concern about the spread of Vancomycin-Resistant
Enterococci (VRE) since some genus species may become a nosocomial pathogen and a
reservoir for resistance genes, leading to clinical isolates resistant to all antibiotics [23]. The
strain E. faecium CRL 183 has been documented for its absence of antimicrobial resistance
genes [25] and was susceptible to all classes of antimicrobials tested; therefore, it can be
considered safe.

Factors such as nutrient availability, temperature, and pH are determinants for the
survival and behavior of microorganisms, especially in polymicrobial environments. It is a
consensus that probiotic strains can produce lactic acid and other organic acids, which, in
turn, can cross the plasma membrane of yeast cells, increasing the activity of H+-ATPase.
This mechanism promotes the energy exhaustion of yeast cells, inhibiting their growth
and promoting cell death [37]. Furthermore, neutral to alkaline is the optimal extracellular
pH for Candida spp. because it aids hyphal morphogenesis, among other fungal virulence
strategies [38]. E. faecium is a lactic acid bacterium (LAB), and acid production could be one



Microbiol. Res. 2024, 15 2109

of the key mechanisms by which this probiotic impairs C. albicans viability [23]. A study
that evaluated inhibition on several Candida species promoted by Limosilactobacillus reuteri
(formerly Lactobacillus reuteri) showed that almost complete inhibition was achieved in pH
3.6, which is a very acidic level. However, extensive acidification may be concern with its
application in the oral cavity due to the role of acid in caries lesions [37]. In our study, the
biofilm supernatants’ pH remained within the range of healthy human saliva pH, which is
5.3 to 7.8, depending on the stimulation state [39].

Similar to the results shown in Figure 1, Mason et al. [18] and Mason et al. [19] demon-
strated that C. albicans SC5314 promoted the gastric and enteric colonization of Enterococcus
spp. while antagonizing other lactic bacteria, such as Lactobacillus spp., during the recovery
of gut microbiota following treatment with the antibiotic cefoperazone. Although the mech-
anism involved was not elucidated, the authors suggest that it was similar to the one C.
albicans exerts on bacteria from phylum Bacteroidetes. The fungus could aid in its adhesion
and fixation to the cecum; yeast glucans could be a potential source of nutrients for these
bacteria, or else, C. albicans could suppress other bacteria that antagonize Enterococcus
spp. [18].

The reduction in C. albicans viable cells during biofilm formation was affected by the
fungal/probiotic ratio. Cruz et al. [20] demonstrated that Caenorhabditis elegans, a study
model of polymicrobial infections, presented less mortality caused by C. albicans when
it was co-inoculated by Enterococcus spp. The survival rate of the nematode was dose-
dependent: the higher the number of colonies of Enterococcus spp. inoculated, the greater
the protection against C. albicans pathogenicity. This study further determined that the
pathogenicity of both microorganisms was attenuated during polymicrobial infection in C.
elegans [20].

The phases of yeast biofilm formation include cell adhesion to a surface, cell differen-
tiation, the maturation phase, and the dispersion stage, in which mature biofilms release
cells to spread colonization. The maturation of the C. albicans biofilm usually takes around
38–72 h and includes the development of a thick layer of EPS where yeasts and hyphae are
present, forming a dense structure [40,41]. A biofilm with 48 h of maturation has a higher
density, and the structure becomes more compact and organized. After 72 h, the biofilm is
well established, with a thick layer of interwoven cells and a robust extracellular matrix. At
this stage, the biofilm is more resistant to antifungal agents due to its complex organization.
A maturation time of 24 to 48 h has been adopted in different studies to evaluate the in-
hibitory effect of drugs and probiotic strains on Candida spp. biofilms. [5,42,43]. For biofilm
maturation, the microorganism ratio did not influence the results. Matsubara et al. [5] also
did not observe a significant relationship between inoculated probiotic dose and biofilm
destabilization.

Among the Enterococcus spp. mechanism of action to downregulate C. albicans pathogenic-
ity in the literature majorly suggests the action of proteases, peptides, and bacteriocins
secreted by bacteria [10,20–22]. For example, researchers identified the action of two pro-
teases (gelatinase biosynthesis activating cluster peptide—GBAP) that activate the virulence
regulating system of Enterococcus spp., which, when secreted by this bacterium, prevent C.
albicans polymorphism and, consequently, fungal pathogenesis [20]. The same effect was
observed when C. elegans, previously infected with C. albicans, was treated with the super-
natant (filtered and sterilized) of an Enterococcus faecalis inoculum. Thus, Cruz et al. [20]
determined that, in their study, the inhibitory activity was correlated with the metabolites
secreted rather than a direct cellular competition between the bacteria and the fungus.

In more recent research, the action of the EntV, an enterocin encoded by the Ef1097
gene, which is present in all strains of E. faecalis sequenced to date, was described [22].
This enterocin alone, as well as its synthetic version, was able to prevent C. albicans poly-
morphism and biofilm formation on different substrates and experimental conditions.
Pre-formed C. albicans biofilms (24 h/~30 µm thick) were treated with EntV and underwent
a significant perturbation with a reduction in their thickness to ~15 µm. Biofilms that
were not treated with EntV increased their thickness to >50 µm. The peptide also pro-
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tected macrophages by enhancing their antifungal activity and reducing epithelial invasion,
inflammation, and fungal load in a murine model of oropharyngeal candidiasis.

Bachtiar et al. [21] observed that E. faecalis cps2 (a non-encapsulated clinical isolate)
and E. faecalis ATCC 29212, as well as their metabolites, did not inhibit C. albicans biofilm
formation. However, both strains and their secreted metabolites significantly reduced
(>50%) the maturation of these biofilms. These results were confirmed by the downregula-
tion promoted on ALS1 and ALS3 (adhesion-related genes) and on EFB1, a gene used to
quantify the harmful effects of antifungal agents against mature Candida biofilms.

In our study, it was not possible to determine if the anti-Candida activity of E. faecium
CRL 183 was modulated by its metabolites, as suggested in the literature cited above.
However, as can be seen in Figure 2B, the renewal of the culture medium (48A) did not
significantly influence C. albicans survival compared to the group in which there was no
intervention (48B). Therefore, removing E. faecium metabolites secreted during the first 24 h
and the new nutrient supply did not favor the cellular viability of C. albicans. In addition, the
E. faecium population was approximately 11 Log10 CFU/mL in the polymicrobial biofilms,
and the C. albicans population was approximately 7 Log10 CFU/mL under all experimental
conditions. This means that the probiotic growth was much higher than the fungal growth
within polymicrobial biofilms. This may suggest that, in our study model, the inhibitory
action of C. albicans may not be only mediated by metabolites produced by E. faecium but
most likely due to the direct cell competition for nutrients and space. This mechanism
of direct competition and limitation of environmental nutrients can provoke a metabolic
reprogramming on C. albicans, reducing its virulence. Mailänder-Sánchez et al. [15] suggest
that this is the mechanism by which the probiotic strain Lacticaseibacillus rhamnosus GG
(formerly Lactobacillus rhamnosus GG) prevents adhesion, invasion, the formation of hyphae
(preventing epithelial damage), glucose depletion and the ergosterol synthesis of C. albicans.
Another inhibitory mechanism may have been the culture medium acidification in polymi-
crobial biofilms promoted by E. faecium, which is an LAB. This reduction in pH inhibits
the growth of yeast cells and prevents C. albicans filamentation [37,38]. Hypha formation is
one of the main virulence factors of C. albicans and is directly related to its pathogenicity
and biofilm stability [1,2].

Vilela et al. [13] suggested this exact mechanism in the suppression of C. albicans
polymorphism when it was stimulated with cultures of Lactobacillus acidophilus ATCC 4356
or filtered supernatants from this probiotic culture. They also reported a reduction of up to
57.5% in the CFU counting of C. albicans biofilms stimulated with the probiotic cell culture
and a 45.10% reduction in biofilms stimulated with probiotic culture-filtered supernatants.
Galleria mellonella was used as an experimental candidiasis model, and either treatment or
prophylaxis with L. acidophilus cells or their metabolites greatly increased the survival of
this insect.

Ribeiro et al. [14] observed a similar effect on the interaction of C. albicans with Lactica-
seibacillus rhamnosus (formerly Lactobacillus rhamnosus) cells: a 52.2% reduction in biofilm
quantification in CFU/mL and a 48% reduction in metabolic activity. The stimulation with
only the filtered supernatant of L. rhamnosus decreased, to a lesser extent, C. albicans growth
(39.4%) and metabolic activity (61%).

Matsubara et al. [5] observed that Lacticaseibacillus rhamnosus (formerly Lactobacillus
rhamnosus), Lacticaseibacillus casei (formerly Lactobacillus casei), and Lactobacillus acidophilus
cell suspensions significantly reduced C. albicans SC5314 biofilm formation in 32, 59, and
56.3%, respectively. When 48 h biofilms were stimulated with the same probiotic sus-
pensions, the C. albicans reduction was 61.8% (L. rhamnosus), 54.7% (L. casei), and 34.2%
(L. acidophilus). By stimulating C. albicans biofilms with the filtered supernatant of these
lactobacillus cultures, the reduction was less effective in the formation, and there was no
reduction in biofilm maturation. This result demonstrates that the inhibitory action on C.
albicans was also not mediated only by probiotic-secreted metabolites.

Therefore, our results seemed to be very promising once E. faecium CRL183 presented
an ability to impair C. albicans biofilm formation by up to 99.92% and its biofilm matura-
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tion by 99.43%, which are much higher rates than those presented by other Enterococcus
spp. [10,20–22] or probiotic strains [5,13,14].

The images obtained through SEM allowed us to visually confirm the hypothesis
that in the present study, the direct competition and limitation of environmental nutrients
played an important role. It is exciting to observe that C. albicans not only appears at a
lesser amount but also with its morphology very damaged (indicated by the arrow) in 48 h
polymicrobial biofilms (Figure 3K,L) in comparison with C. albicans monospecies biofilms
in the same period (Figure 3C,D), which could be caused by the lactic acid crossing the
yeast membrane [37]. It was expected to see hyphal formation in C. albicans biofilms in
our SEM images, which did not occur. This may be explained by the lack of molecular
factors favoring C. albicans polymorphism in the culture medium used in the experimental
protocol since it is known that the culture medium plays a fundamental role in the growth,
morphology, and biofilm formation of C. albicans [38,44]. Another reason could be that
several washes with ethanol removed hyphae and pseudohyphae since these structures
developed in the outermost layers of biofilms, while yeasts initially inoculated were found
in the basal layers adhered to the biotic or abiotic substrate [45]. Yet, our results remain
promising in the context of prevention, as yeasts are the infecting forms that initiate biofilms
and are responsible for the spread to non-infected sites [45,46].

5. Conclusions

In conclusion, according to the methodologies applied in this in vitro study, E. faecium
CRL 183 significantly inhibited the formation and maturation of fungal biofilms in all
evaluated pathogen/probiotic ratios. These promising results demonstrate the need for
in-depth studies to investigate the mechanisms by which E. faecium CRL183 acts against C.
albicans. In addition, local release forms of probiotics in regions susceptible to candidiasis
also need to be evaluated.
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