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ABSTRACT

Introduction: Opportunistic Gram-negative microorganisms such as Acinetobacter
baumannii, Klebsiella pneumoniae, and Pseudomonas aeruginosa may colonize the
oral cavity and contribute to hospital-acquired infections, particularly in critically ill
patients. Alternative strategies to chlorhexidine have been investigated for controlling
these pathogens. Methods: This in vitro experimental study was conducted at the
Federal University of Rio Grande do Norte. Strains of A. baumannii, K. pneumoniae,
and P. aeruginosa were tested against the probiotic Lacticaseibacillus rhamnosus
(PLR), antimicrobial photodynamic therapy (aPDT; methylene blue + 660 nm laser), and
the hydroethanolic extract of Spondias mombin L. (SME), using 0.12% chlorhexidine
(CHX) as a positive control. Outcomes included bacterial growth inhibition, anti-adherent
activity, and antibiofilm effects. Data were analyzed using ANOVA and Tukey’s test (p
< 0.05). Results: PLR inhibited all tested microorganisms and showed no significant
difference compared with CHX for A. baumannii and K. pneumoniae (p > 0.05). aPDT
demonstrated greater anti-adherent activity against K. pneumoniae (p < 0.05), whereas
PLR showed superior performance against P. aeruginosa (p < 0.05), both comparable
to CHX. Significant differences were observed among groups in monospecies biofilms
(p < 0.05), although PLR did not differ from CHX. In multispecies biofilms, PLR
exhibited activity equivalent to the positive control. Conclusions: PLR and aPDT
effectively controlled microbial growth, with PLR demonstrating antimicrobial, anti-
adherent, and antibiofilm effects comparable to chlorhexidine, supporting its potential
clinical application.

Keywords: Microbiology; Complementary Therapies; Probiotics; Photochemotherapy;
Lacticaseibacillus rhamnosus.

BACKGROUND

The U.S. Centers for Disease Control and Prevention (CDC) estimates
that antimicrobial resistance causes at least 2.8 million infections and 35,900
deaths annually in the United States'. According to the 2019 global report,
deaths caused by pathogenic bacteria are expected to rise to 10 million
per year by 2050 if no effective measures are taken?. This growing threat
is particularly critical for vulnerable populations such as the elderly and
immunocompromised individuals, whose immune defenses are suppressed
or impaired’. Opportunistic microorganisms, and especially superinfecting
agents, can exacerbate oral infections and often exhibit resistance to broad-
spectrum antimicrobials commonly used in clinical practice®. These pathogens
are found in both community and healthcare settings, and when infections
occur during hospitalization, they are classified as nosocomial infections. The
most common forms include surgical site, respiratory tract, bloodstream, and
urinary tract infections*.
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In hospitalized patients, the oral microbiota
undergoes rapid and significant alterations, with a shift
from Gram-positive bacilli to predominantly Gram-
negative species within 48 hours of admission®. Dental
biofilm acts as a natural reservoir for these bacteria,
contributing to their persistence and dissemination®.
This scenario highlights antimicrobial resistance as
a major challenge for healthcare professionals, with
limited antibiotic options leading to therapeutic failure,
prolonged hospital stays, higher treatment costs, and
increased morbidity and mortality>"°.

The increasing prevalence and complexity of multidrug-
resistant microorganisms have prompted the search
for effective alternative therapies to combat emerging
drug resistance®. Among the promising approaches,
antimicrobial photodynamic therapy (aPDT), probiotics,
and phytotherapeutic agents have demonstrated efficacy
in controlling superinfecting pathogens™-*3.

Antimicrobial photodynamic therapy has emerged
as a promising strategy for microbial control. This
approach involves the activation of a photosensitizer
by a specific wavelength of light in the presence of
oxygen, generating reactive oxygen species such
as singlet oxygen and free radicals. These reactive
molecules promote oxidative damage to microbial
DNA, proteins, lipids, and cell membranes, ultimately
leading to cell death'®'4'5. Another alternative strategy
involves the use of probiotics, defined as beneficial
live microorganisms capable of inhibiting pathogen
adhesion, colonization, and biofilm formation through
mechanisms such as competition for binding sites,
production of antimicrobial substances (e.g., bacteriocins
and organic acids), and modulation of host immune
responses'®'”. Phytotherapeutic agents have also
attracted attention due to the presence of bioactive
compounds such as flavonoids, alkaloids, terpenes,
and polyphenols, which may exert antimicrobial
activity through mechanisms including disruption of
microbial membranes, interference with metabolic
pathways, and inhibition of virulence factors'®2,

Beirao et al." (2014) observed that aPDT promoted
the inactivation of bacterial biofilms of Staphylococcus
aureus and Pseudomonas aeruginosa. Experiments
concluded that probiotic strains of Lactobacillus
acidophilus and Lacticaseibacillus rhamnosus had a
significantinhibitory effect against Klebsiella pneumoniae
in vitro®. Plant extracts of Solanum paniculatum L.
and Spondias mombin L. have also been shown to
quantitatively reduce the number of microorganisms
associated with infections, as reported by Aromolaran
et al.?' (2014), who found that the extract of Spondias
mombin L. had antimicrobial effects.

Although several studies have investigated the
antimicrobial potential of alternative therapies such as
antimicrobial photodynamic therapy, probiotics, and
phytotherapeutic agents, most of these reports have
focused on their individual effects, and comparative
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evaluations remain limited. In this context, the present
study sought to analyze and compare the antimicrobial
effects of three alternative approaches: photodynamic
therapy with methylene blue, probiotic Lacticaseibacillus
rhamnosus, and hydroethanolic extract of Spondias
mombin L. Specifically, we evaluated their inhibitory
effects on microbial growth and adhesion of Pseudomonas
aeruginosa, Acinetobacter baumannii, and Klebsiella
pneumoniae, in planktonic and biofilm models, using
0.12% chlorhexidine gluconate as the positive control.

METHODS

Study design

This in vitro experimental study evaluated the
antimicrobial activity, antiadherence effect, and
antibiofilm potential of three agents against opportunistic
and superinfection-related microorganisms. The
experimental groups were defined by the therapeutic
type: (1) Antimicrobial Photodynamic Therapy (aPDT),
(2) Probiotic Lacticaseibacillus rhamnosus (PLR)
and (3) Spondias mombin L. hydroethanolic extract
(SME). Two control groups were included: a positive
control treated with 0.12% chlorhexidine digluconate
(CHX) and a negative control without any treatment.

Microorganisms and culture conditions

Strains of Acinetobacter baumannii (INCQS
3583), Klebsiella pneumoniae (INCQS 2371), and
Pseudomonas aeruginosa (INCQS 2796) isolated
from human clinical samples were obtained from the
Reference Bacterial Collection for Health Surveillance
(CBRVS, FIOCRUZ-INCQS, Rio de Janeiro, Brazil)
were used. One strain of each species was used in
the experiments. These strains belong to a certified
reference collection and have been previously
characterized using phenotypic and molecular
methodologies, ensuring reliability and traceability.
Regarding their antimicrobial susceptibility profiles,
no antimicrobial susceptibility data were available
for Acinetobacter baumannii (INCQS 3583), while
Klebsiella pneumoniae (INCQS 2371) is as an
extended-spectrum beta-lactamase (ESBL)-producing
strain, and Pseudomonas aeruginosa (INCQS 2796)
exhibits resistance to third- and fourth-generation
cephalosporins and ciprofloxacin, and intermediate
susceptibility to imipenem and piperacillin/tazobactam.

The microorganisms were cultured in Brain Heart
Infusion (BHI) broth (HIMEDIA®, India) and subsequently
plated on Mueller-Hinton agar (KASVI®, Spain).
After incubation at 37 °C for 24 h, the colonies were
transferred to BHI and adjusted to the 0.5 McFarland
standard (=10° CFU/mL) in a spectrophotometer
(Biomate 3, Thermo Spectronic, USA) at 625 nm
(absorbance range: 0.08-0.13; =10 CFU/mL).
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Preparation of test solutions

The photosensitizer methylene blue was
obtained as a ready-made 0.01% solution (SRB
Pharmaceutical Products Trade, RN, Brazil). The
probiotic strain L. rhamnosus EM1107 was provided
by the Brazilian Agricultural Research Corporation
(Rio de Janeiro, Brazil), and was grown in de Man,
Rogosa, and Sharpe (MRS) broth under anaerobic
conditions at 37 °C for 24 h, followed by subculture.
After incubation, the culture was centrifuged (4000
rom/15 min), and the cell-free supernatant (CFS)
was collected and stored at —20 °C for subsequent
analyses, as described by Oliveira et al.?? (2024). The
hydroethanolic extract of S. mombin L. was obtained
by macerating the dried leaves of this plant, collected
in the region of Dom Marcolino Dantas, RN, Brazil;
(coordinates: RN 5°28°'14” / W 35°27°37”). These
were ground in ethanol:water (70:30, v/v) for seven
days, followed by filtration, lyophilization and dilution
in distilled water at a concentration of 1:1 (500 ug/
mL), according to the methodology of Mendonga?
(2021). Chlorhexidine 0.12% (Riohex Gard®, Brazil)
was undiluted, as it represents the gold standard in
oral antimicrobial control, whose efficacy could be
compromised by dilution.

Antimicrobial activity against planktonic bacteria

The antimicrobial activity of the tested solutions and
of CHX0.12% (Riohex Gard®, Brazil) was evaluated by
microdilution adapted from the Clinical and Laboratory
Standards Institute?* (2012), in sterile 96-well microplates
(TPP®, Switzerland). Each well received 100 L of the
test solution, 100 pL of nutrient broth (Biolog®, Brazil),
and 10 pL of microbial inoculum, in triplicate for each
microorganism. No serial dilutions were performed,
as predefined concentrations were used for all tested
solutions. In the aPDT group, the wells contained
methylene blue and were irradiated with a red diode
laser (A = 660 nm, 100 mW, 100 s, 100 mW/cm?, 10
J/lcm?). Controls included: positive (chlorhexidine
0.12%), viability (VC - culture medium + microbial
inoculum), and sterility (SC - medium only). After 24 h
of incubation at 37 °C, optical density was measured
at 630 nm in a microplate reader (MR-96A, Mindray).
Microbial inhibition percentages were calculated as
the proportion of absorbance, with viability control
wells set as 100% growth and test wells, including
those with CHX, set as X%; higher turbidity indicated
greater microbial growth?. The experimental layout of
the 96-well plate used for the planktonic antimicrobial
assay is illustrated in Figure 1.

Figure 1: 96-well plate layout for planktonic antimicrobial activity.

Anti-adherence assay

The non-adherence of the test solutions was
evaluated using a protocol adapted from Pieri et
al.?¢ (2010). Glass rods were produced from 75 mm
capillaries (Perfecta®, Sao Paulo, Brazil), sealed,
and bent at one end. Each test tube (100 x 15 mm)
received 6 mL of tryptic soy broth (TSB; lon Cult®,
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India) supplemented with 5% sucrose (Dinamica®,
Brazil), 0.6 mL of the test solution, and 0.1 mL of the
bacterial suspension (0.5 McFarland). In the aPDT
group, irradiation followed the previously described
protocol. The positive control used CHX and the
negative control consisted of contaminated broth
without any treatment. The preparation of the glass
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rods and the experimental setup of the anti-adherence for another 24 h, dried in a laminar flow chamber, and
assay are illustrated in Figure 2. After incubation at weighed to determine the adhered biomass, subtracting
37 °C for 24 h, the rods were washed in 0.9% saline the initial weight. The procedures used for biomass
solution, transferred to fresh TSB-sucrose, incubated recovery and measurement are illustrated in Figure 3.

Figure 2: Preparation of glass rods and anti-adherence assay setup. (a) 75-mm capillaries; (b) heating the capillaries
to seal and shape their ends; (c) final appearance of the glass rods; (d) weighing the rods on an analytical balance; (e)
addition of TSB supplemented with 5% sucrose and the test solution to each tube (final volume 6.6 mL); (f) contamination
of the tubes with the microbial suspension. Laser irradiation was applied to the tubes corresponding to the aPDT groups;
(g) incubation of the tubes.

Figure 3: Anti-adherence assay reading procedure. (a) Transfer of the rods to a tube containing 6 mL of sterile saline
solution; (b) agitation and removal of the solution; (c) addition of 6 mL of TSB supplemented with 5% sucrose; (d)
reincubation at 37 °C for 24 h; (e) drying of the rods in a sterile laminar flow chamber; (f) weighing to determine the
biomass adhered to the rods.
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Antibiofilm activity on mono- and multispecies
biofilms

Biofilms were grown in sterile 96-well polystyrene
plates (TPP®, Switzerland) using brain heart infusion
broth (BHI; HIMEDIA®, India) supplemented with 5%
sucrose (Dinamica®, Brazil). The antibiofilm activity
of the test solutions and the 0.12% chlorhexidine
digluconate solution (Riohex Gard®, Brazil; L: 2102840;
V: 10/23) was performed against single-species and

multiple-species biofilms of the microorganisms in
this study, considering the technique proposed by
Stepanovic et al.?” (2000), with adaptations.

For monospecies biofilms, 100 pL of microbial
suspension (1 x 10® CFU/mL; 0.5 McFarland,
absorbance 0.08-0.13) was added to each well (Figure
4). For multispecies biofilms, equal concentrations
of the three microorganisms were combined (Figure
5). Plates were incubated for 24 h at 37 °C.

Figure 4: 96-well plate used for monospecies antibiofilm assay.

Figure 5: 96-well plate used for multispecies antibiofilm assay.

http://seer.ufrgs.br/hcpa
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After incubation, 100 yL of each test solution
diluted in 100 L of 5% sucrose broth was added in
triplicate. The aPDT group was irradiated as previously
described. Control groups included chlorhexidine
(positive control), untreated inoculum (viability control),
and sterile medium (sterility control).

Following treatment, the plates were washed twice
with 0.9% saline solution, dried at 37 °C for 45 min,
and stained with 0.4% crystal violet for 45 min. Excess
stain was removed by washing four times with distilled
water, and the plates were air-dried. Subsequently,
95% ethanol was added for 45 min to solubilize the
bound dye. Finally, 100 uL of the resulting solution
was transferred to a new plate and absorbance was
measured at 630 nm using a microplate reader (MR-
96A, Mindray). Absorbance values were compared
with those obtained for chlorhexidine.

Statistical analysis

Descriptive statistics were used to summarize
the data through measures of central tendency and

dispersion. Normality was assessed, and comparisons
were performed using one-way analysis of variance
(ANOVA), followed by Tukey’s post hoc test. A
significance level of p < 0.05 was adopted. All analyses
were conducted using IBM SPSS Statistics version
25.0, with a 95% confidence interval.

RESULTS

Microbial growth inhibition activity

Data obtained showed statistically significant
differences (p < 0.001) in the percentages of microbial
growth inhibition between the experimental groups
for all bacterial species evaluated. Among the three
therapies analyzed, PLR demonstrated significant
inhibitory effects between species (p = 0.006), being
more effective against A.baumannii and K. pneumoniae.
CHX also showed a significantly different inhibitory
effect between species (p = 0.043) (Table 1).

Table 1: Comparative analysis of microbial growth inhibition (%).

Experimental group A. baumannii K. pneumoniae P. aeruginosa p-value

SME Mean 0.00Aa 0.00Aa 0.00Aa -
SD 0.00 0.00 0.00

PLR Mean 83.62Bb,c 85.58Bc 71.52Ab 0.006*
SD 4.57 2.21 3.63

aPDT Mean 51.31Ab 43.14Ab 0.00Aa 0.061
SD 25.21 28.97 0.00

CHX Mean 91.97A,Bc 94.39Bc 85.66Ac 0.043*
SD 1.97 3.83 3.79

Medium + MO Mean - - - -
SD - - -

p-value <0.001* < 0.001* <0.001*

Anti-adherence effect

Significant differences between the antiadherence
effect in the different experimental groups were
observed only for the bacterium K.pneumoniae

Table 2: Comparative analysis of bacterial adherence (mg).

(p = 0.028). Treatment with PLR was the only one
capable of significantly reducing bacterial adhesion,
especially against the species P. aeruginosa (p =
0.017) (Table 2).

Experimental group A. baumannii K. pneumoniae P. aeruginosa p-value

SME Mean 2.45Aa 5.45Aa,b 3.25Aa 0.076
SD 0.64 0.71 1.06

PLR Mean 3.75Aa 3.95Aa,b 0.75Ba 0.017*
SD 0.92 0.21 0.07

aPDT Mean 1.50Aa 2.05Aa 2.65Aa 0.804
SD 1.70 0.35 2.33

CHX Mean 0.90Aa 1.50Aa 1.10Aa 0.695
SD 0.57 0.57 0.85

Medium+ MO Mean 3.55Aa 7.00Ab 3.65Aa 0.296
SD 2.33 2.55 0.64

p-value 0.314 0.028* < 0.209*
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Antibiofilm potential

The analysis of the antibiofilm potential revealed
statistically significant differences between the
effects of the treatments for the bacterial species
A. baumannii (p < 0.001), K. pneumoniae (p =
0.003) and P. aeruginosa (p = 0.005). The biofilm

absorbance in the control group was significantly
higher compared to the other groups, indicating a
greater biofilm formation capacity. In this group, the
biofilm formation capacity varied between species
(p =0.004), with P. aeruginosa obtaining the densest
biofilm (Table 3).

Table 3: Comparative analysis of absorbance (nm) in monospecies biofilms.

Experimental group A. baumannii K. pneumoniae P. aeruginosa p-value

SME Mean 0.067Ab 0.059Aa,b 0.083Aa,b 0.350
SD 0.004 0.003 0.033

PLR Mean 0.040Aa 0.041Aa 0.041Aa 0.593
SD 0.001 0.001 0.001

aPDT Mean 0.058Ab 0.064Ab 0.065Aa,b 0.815
SD 0.007 0.017 0.018

CHX Mean 0.042Aa 0.041Aa 0.040Aa 0.536
SD 0.57 0.57 0.85

Medium+ MO Mean 0.065 Aa 0.067 Ab 0.11Bb 0.004*
SD 0.005 0.001 0.019

p-value <0.001* 0.003* 0.005*

In the multispecies analysis, the treatments were
able to inhibit biofilm formation (p < 0.05). The probiotic
and CHX achieved the same level of efficacy, with
lower absorbance values (0.045), considered the
most effective in reducing multispecies biofilm when
compared to the others (Table 4).

Table 4: Comparative analysis of absorbance (nm) in
multispecies biofilms.

Experimental group Mean SD

SME 0.081b  0.003
PLR 0.045a 0.002
aPDT 0.088b  0.027
CHX 0.045a 0.002
Medium + MO 0.067a,b 0.002

p-value: 0.004*

Note. Mean = average; SD = standard deviation; Medium + MO =
culture medium + microorganism. One-way ANOVA followed by
Tukey’s post hoc test. Lowercase letters compare values vertically.
*Different letters indicate statistically significant differences at p < 0.05.

DISCUSSION

This study demonstrated that the probiotic
Lacticaseibacillus rhamnosus was the most effective
therapy, showing inhibitory, anti-adherent, and antibiofilm
activities comparable to CHX in both monospecies
and multispecies biofilms. Antimicrobial photodynamic

therapy also exhibited an anti-adherent effect, particularly
against K. pneumoniae, whereas the hydroethanolic
SME did not demonstrate antimicrobial efficacy under
the tested conditions. Based on these findings, it is
possible to critically analyze the therapeutic potential
of these complementary and alternative approaches
in comparison with previous evidence.
Complementary, alternative, and integrative
therapies are widely used worldwide, either in
combination with or as substitutes for conventional
methods?8. Currently, about 88% of the World
Health Organization (WHO) member countries
recognize these practices and have developed
specific legislation on Complementary, Alternative,
and Integrative Medicine?®. The main motivations for
their use include symptom relief, improved quality of
life, and the potential to increase the effectiveness
of conventional therapies, among other factors®.
Nevertheless, as the safety and efficacy of many of
these therapies remain insufficiently supported by
scientific evidence, further studies are required to
critically investigate their real therapeutic potential®'.
In this study, the aim was to comparatively evaluate
the in vitro antibacterial, anti-adherent, and antibiofilm
effects of different alternative therapies against
opportunistic and superinfecting microorganisms from
the oral environment. One of the therapies analyzed
was phytotherapy, represented by the hydroethanolic
SME, a plant native to the northeastern region of
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Brazil, where this experiment was conducted. This
inclusion was based on previous studies reporting its
antimicrobial, anti-adherent, and antibiofilm activities
against certain microorganisms, including opportunistic
and superinfecting oral pathogens®**. The tested strains
included clinically relevant opportunistic pathogens
with reported antimicrobial resistance profiles, such
as ESBL-producing Klebsiella pneumoniae and
resistant Pseudomonas aeruginosa, reinforcing the
clinical relevance of the findings.

In the search for new therapeutic agents capable
of controlling opportunistic and superinfecting
microorganisms, studies have investigated natural
substances with therapeutic potential against infections
caused by these pathogens, as well as compounds
that may enhance the efficacy of conventional drugs,
to which many microorganisms have developed
resistance®. In this regard, plant-derived products have
been highlighted as promising sources of new bioactive
molecules for the treatment of infectious diseases®.
However, In the present study, the hydroethanolic
extract of Spondias mombin L. did not demonstrate
inhibitory activity against the microorganisms tested.
This finding corroborates, in part, the data from Silva
et al*® (2012), who observed the absence of activity
of the leaf extract against Klebsiella pneumoniae
and Pseudomonas aeruginosa, although they
identified efficacy against Staphylococcus aureus
at concentrations of 0.78 mg/mL.

On the other hand, the results contrast with those
of Aromolaran and Badejo?' (2014), who highlighted
the potential of the species in controlling several
clinical isolates, including K. pneumoniae. However, it
should be noted that these authors used significantly
higher concentrations (10 to 90 mg/mL) than that
used in this research. Furthermore, Freitas et al*.
(2022) reported activity against a multidrug-resistant
strain of P. aeruginosa at a concentration of 512 ug/
mL, showing that efficacy may be specific to certain
isolates. These discrepancies reinforce the possibility
that the antimicrobial activity of Spondias mombin
L. is dose-dependent and influenced by the intrinsic
sensitivity of each strain, in addition to factors such
as genetic variability of the pathogens and extraction
protocols. These data suggest that the concentration
of 500 ug/mL used in this work may be below the
threshold required for the inhibition of the tested
strains, underlining the importance of considering the
dose-response curve in phytotherapeutic evaluations.

Regarding antimicrobial photodynamic therapy,
results demonstrated a significant anti-adherent effect
against K. pneumoniae compared to the untreated
group, with outcomes similar to those observed
for chlorhexidine. These findings are consistent
with previous evidence reporting that methylene
blue-mediated aPDT reduces bacterial adhesion
in multidrug-resistant clinical isolates, including K.
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pneumoniae®®. The ability of aPDT to interfere with
adhesion may be linked to the role of fimbriae and
extracellular polysaccharides in mediating bacterial
attachment to abiotic surfaces®"*, which are known
to enhance cell surface hydrophobicity.

In contrast, aPDT did not exhibit significant
antibiofilm activity against the microorganisms tested,
in both single-species and multi-species models.
These results differ from those reported by Yang et
al.*® (2018) and Figueiredo-Godoi et al.*° (2022), who
demonstrated effective inhibition of A. baumannii
and P. aeruginosa biofilms. This discrepancy may be
attributed to specific methodological variables adopted
in this study, such as the initial bacterial density (0.5
McFarland), the concentration of 0.01% methylene
blue, and the irradiation protocol (100 s; 10 J/cm?). It
is likely that the cell density and the robustness of the
extracellular matrix in the 24 hour biofilms limited the
diffusion of the photosensitizer and the penetration of
the laser. Furthermore, the low availability of oxygen
in deeper layers of the biofilm may have restricted
the generation of reactive oxygen species, which
are essential for the cytotoxicity of aPDT. These
factors, known to directly influence the efficiency of
photodynamic therapy, suggest that the energy dose
or agent concentration used may have reached an
efficacy threshold for the adhesion phase, but not
for the disruption of the mature biofilm.

Regarding the probiotic L. rhamnosus, this
therapy demonstrated inhibitory effects against all
tested microorganisms, with results comparable to
chlorhexidine, showing no statistically significant
differences, particularly for A. baumannii and K.
pneumoniae. These findings are consistent with
previous studies reporting the inhibitory activity of PLR
and other Lactobacillus strains against opportunistic
and multidrug-resistant bacteria*'3. In the literature,
the beneficial effects of Lactobacillus probiotics
have been associated with mechanisms such as
modulation of host immune responses, competitive
exclusion of pathogens, reinforcement of epithelial
barrier function, and production of antimicrobial
compounds*!, although these mechanisms were not
directly evaluated in the present study.

Moreover, in this study, PLR exhibited anti-adherent
and antibiofilm activities comparable to CHX, particularly
in multispecies biofilms, where its performance was
statistically equivalent. This highlights the potential of
L. rhamnosus as a promising alternative for the control
of opportunistic and superinfecting microorganisms
in the oral environment, which may be related to its
ability to interact within complex microbial communities
that resemble clinical conditions.

Among the three therapies tested, PLR and aPDT
showed the greatest efficacy in microbial control,
with PLR standing out by exhibiting inhibitory, anti-
adherent, and antibiofilm effects equivalent to the
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gold-standard CHX. These results emphasize the
potential of probiotics as complementary therapeutic
strategies in the management of infections caused
by multidrug-resistant microorganisms.

The limitations of this study should be acknowledged,
particularly its solely in vitro design, which hinders
direct extrapolation to clinical practice. Future
studies, including in vivo models and randomized
clinical trials, are needed to validate the efficacy
and safety of these therapies, as well as to evaluate
their performance against clinical isolates and within
more complex oral biofilm structures. Nevertheless,
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