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Abstract

Background A growing number of in vitro and in vivo studies suggest the application of probiotics as a natural
approach to maintaining oral health. This double-blind, randomized controlled trial aimed to evaluate the efficacy of
Levilactobacillus brevis CD2 (CNCM I-5566), a multifunctional probiotic frequently used in oral medicine, in preserving
or improving several recognized oral health indicators.

Methods Thirty consenting healthy adults were randomized to receive four lozenges per day of L. brevis CD2
probiotic (n=15) or placebo (n=15) over four weeks. Clinical parameters (full-mouth bleeding on probing (BoP) and
plaque index (P1) scores) were recorded. Unstimulated saliva was collected to measure salivation rate, pH, and buffer
capacity. Salivary biomarkers were analyzed, including glucose, D-lactate, and secretory immunoglobulins A (slgA).
Clinical and salivary parameters were assessed at baseline, after four weeks of intervention, and two weeks post-
intervention. Wilcoxon rank-sum test and robust regression analysis were used for statistical comparisons. The possible
mediating effect of Pl on BoP changes was assessed.

Results After four weeks, the probiotic group showed significant improvements in BoP and Pl compared to baseline
and placebo. The probiotic group had a higher salivation rate than baseline and placebo after four weeks of treatment
and washout. While changes in salivary pH were not significant, buffering capacity increased in the probiotic group
after four weeks of treatment and washout. Salivary glucose and D-lactate levels were lower in the probiotic group
post-treatment and after washout. slgA values increased and remained stable after washout in the probiotic group.
No adverse effects were reported.

Conclusions The treatment with L. brevis CD2 significantly improved clinical and salivary parameters, supporting its
efficacy as a probiotic for oral health.
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Trial registration ClinicalTrials.gov, NCT06457724; Registered 7 June 2024 - Retrospectively registered; https://clinical
trials.gov/study/NCT06457724viewType=Table&page=452&rank=4512#study-overview.
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Background

The oral microbiome, a crucial element in maintaining
oral health, is a delicate dynamic balance between mutu-
alistic and opportunistic microorganisms. These micro-
organisms thrive in the oral cavity’s microenvironment
through a symbiotic relationship with the host [1]. This
complex ecosystem is second only to the gut microbi-
ome in terms of abundance and diversity, including bac-
teria, fungi, viruses, archaea, and protozoa [2]. It is well
established that these commensal microorganisms con-
tribute to host health by resisting pathogens, maintain-
ing homeostasis, and modulating the immune system [1].
However, multiple factors affect the oral microbiome,
including aging, genetic predisposition, an unhealthy
diet, poor oral hygiene, certain medications (i.e., antibi-
otics), smoking, and systemic and immune conditions
[3-7]. When the balance of the oral microbiome is dis-
turbed, it can lead to an overgrowth of potentially harm-
ful organisms, which may contribute to the development
of several oral diseases, such as dental caries, periodon-
titis, and endodontic infections [8]. Saliva plays a fun-
damental role in maintaining oral homeostasis [9]. This
complex biofluid has multiple functions, including aiding
in digestion, lubricating oral tissues, neutralizing acids,
and removing unwanted substances. When saliva loses
its normal characteristics, it can negatively impact oral
health and contribute to the development and progres-
sion of dental caries [10, 11].

One of the emerging strategies to preserve oral health
and prevent dental caries, among other oral diseases,
assumes that selected probiotics can restore equilibrium
in the oral microbial ecosystem [12]. According to the
United Nations Food and Agricultural Organization and
the World Health Organization definition, probiotics are
living microorganisms that provide health benefits to the
host when administered in adequate amounts [13]. The
human health benefits associated with the intake of pro-
biotics are mainly attributed to their ability to modulate
and rebalance the gut microbiome, particularly in the
presence of dysbiosis, antagonize pathogens, favorably
modulate the host’s immune response, and strengthen
the intestinal barrier [14—17]. Over the past two decades,
the scientific community’s interest in applying probiotics
in oral medicine has surged exponentially, underscoring
the great importance of this field [18]. So, an increasing
number of studies revealed the beneficial effects of pro-
biotics in various oral conditions, including dental car-
ies, periodontal and peri-implant diseases, halitosis, oral

candidiasis, and oral mucositis induced by chemoradio-
therapy [19-21]. Probiotics can help prevent and treat
oral disorders through mechanisms similar to those in
the gastrointestinal tract. These mechanisms include the
release of active metabolites, such as short-chain fatty
acids and antimicrobial peptides, which strengthen the
mucosal barrier, inhibit pathogenic biofilms, and com-
pete with pathogens for adhesion and colonization. Addi-
tionally, probiotics can coaggregate with pathogens, exert
immunomodulatory and anti-inflammatory effects, and
improve the overall microecology of the oral cavity [22].
Some probiotics may also reduce the risk of tooth decay
by increasing salivary flow, thereby reducing the time
potential pathogens remain in contact with the tooth
surface [18]. Additionally, certain probiotics have been
shown to raise salivary levels of secretory immunoglobu-
lins A (sIgA) [23-25], an important component of muco-
sal immunity. sIgA play a pivotal role in maintaining oral
health by counteracting bacterial adhesion, protecting
the host from antigen absorption through mucosal sur-
faces, reducing inflammation, enhancing phagocytosis,
and neutralizing microbial toxins and invasive pathogens
[26-28].

Probiotics more commonly used in oral medicine are
from the Lactobacillus and Bifidobacteria genera. In par-
ticular, Lactobacillus brevis CD2, recently reclassified as
Levilactobacillus brevis CD2 (CNCM 1-5566) [29], is a
multifunctional probiotic that has been assessed in vari-
ous oral conditions, ie., caries [30, 31], gingivitis and
periodontitis [32-36], oral mucositis [37, 38], Behget’s
disease, and aphthous oral ulcers [39, 40]. L. brevis CD2,
other than competing with oral pathogens, has been
reported to impact the host inflammatory response
by inhibiting the activity of the nitric oxide synthase 2
(NOS2) pathway, thus reducing the synthesis of nitric
oxide (NO) [31, 32], a known potent inflammatory agent.
The beneficial effects of oral intake of L. brevis CD2 are
largely attributed to its high level of arginine deiminase
(ADI) [31, 32, 41, 42], the enzyme that converts arginine
to citrulline and ammonia (NHj;). In an aqueous solution,
NHj; forms ammonium ions (NH,"), which are crucial to
maintaining the physiological salivary pH, thus prevent-
ing pH acidification and enamel decalcification [43—46].
Moreover, by metabolizing arginine, due to its higher
chemical affinity, ADI prevents the use of arginine by
both arginase and NOS2, thus inhibiting, respectively,
the synthesis of polyamines (i.e., putrescine and spermi-
dine) involved in halitosis and tumor cell proliferation
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and NO that is also associated with periodontal inflam-
mation [32, 42]. Our group recently published findings
from an experimental study using a pH cycling model
that simulates mineral loss. The results show that L. bre-
vis CD2 can effectively protect the dental enamel surface
from damage caused by a demineralizing agent. Addi-
tionally, it enhances the enamel’s resistance to demin-
eralization, demonstrating its potential to prevent or
counteract carious lesions by safeguarding the tooth sur-
face during chemical challenges that imitate the caries
process [47]. However, despite the numerous and grow-
ing studies and trials supporting the efficacy of L. brevis
CD2 in oral medicine, there is a current need for robust
evidence concerning the impact of this probiotic on oral
health in terms of prevention.

Therefore, the present study aimed to verify the impact
of the probiotic L. brevis CD2 treatment (four lozenges
daily for four weeks) on clinical parameters (full-mouth
bleeding on probing (BoP) and plaque index (PI)), which
were considered as primary outcomes. Moreover, co-
primary outcomes such as salivation rate, pH, and buft-
ering capacity of unstimulated saliva samples, as well as
salivary levels of glucose, D-lactate, and sIgA, were also
evaluated in both probiotic and placebo groups. All clini-
cal and salivary parameters were analyzed at baseline,
after four weeks of treatment, and again after a two-week
washout.

Methods

Study design and ethical approval

This double-blind, randomized, controlled trial (RCT)
was conducted from November 2022 to November 2023
to determine whether a four-week intervention with the
probiotic Levilactobacillus brevis CD2 (CNCM [-5566)
was effective in reducing the full-mouth BoP score in a
population of otherwise healthy adults with at least local-
ized gingivitis (BoP>10%). The full-mouth BoP score
served as the primary outcome of the study, while the

Table 1 Study schedule
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full-mouth PI score and salivary indices (including saliva-
tion rate, pH, buffer capacity, salivary glucose, D-lactate,
and sIgA) served as co-primary outcomes.

The study was approved by the Internal Review Board
(Protocol n. 48/2022, 22.11.2022) of the University of
L'Aquila (Italy) and registered on the clinicaltrials.gov
registry (NCT06457724). This research received no
external funding, and the trial was designed following
the ethical principles of Helsinki’s Declaration for Human
Clinical Studies [48] and the CONSORT 2010 guidelines
for reporting randomized clinical trials [49]. General visit
descriptions and study schedules are reported in Table 1.

Questionnaire and sampling criteria

Subjects visiting the Dental Clinic of the University of
L' Aquila were invited to participate in the study. They
were informed about the study’s aim, procedures, and
the possibility of participating in the study. Data regard-
ing subjects’ age, general health status, smoking habits,
and oral hygiene habits were collected through a ques-
tionnaire and stored in an electronic password-protected
archive. Thirty healthy adult volunteers, aged 20 to 75,
were enrolled and assigned to interventions by one of the
study authors. During the screening visit, a full-mouth
clinical examination was performed to assess the number
of decayed, missing, and filled teeth (DMFT), P, and BoP
scores (yes/no) at each of six sites per tooth for 28 teeth,
resulting in 168 measurements per subject. Written
informed consent was obtained from all subjects to par-
ticipate in the study and to publish the data for research
and educational purposes. Participants did not receive
any compensation, and no recommendations regarding
personal home oral care were provided during the trial
period.

Subjects were required to be between 20 and 75 years
old, have permanent dentition, and have more than 20
teeth. They were required to have a full-mouth BoP
score of 210% and to be free from systemic and chronic

Elegibility Assessment Screening Visit Baseline Visit (TO) Four Weeks (T1) Six Weeks (T2)
Inclusion X

Exclusion X

DMFT X

Unstimulated saliva collection X X X
BoP X X X X
PI X X X X
Salivation rate X X X
Salivary pH X X X
Salivary buffering capacity X X X
Salivary glucose X X X
Salivary D-lactate X X X
sIgA X X X

DMFT-Decayed, missing, and filled teeth; Pl - plaque index; BoP - Bleeding on probing; slgA- secretory immunoglobulins A
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diseases. Individuals were excluded if they refused to sign
informed consent, had used supplements or lozenges
containing probiotics or prebiotics within three weeks
prior to the study, had used antibiotics within one month
before the study, were undergoing orthodontic or pros-
thetic treatment, or had allergies to any components of
the study treatments. Additionally, participants were
excluded if they used other hygiene products, immunos-
timulants, antibacterials, probiotics, or prebiotics during
the study, refused to take the assigned lozenges, or failed
to attend scheduled check-ups.

Sample size calculation

The sample size for this RCT was determined based on
data from a prior exploratory case-control study (unpub-
lished data). The primary outcome measure was the
full-mouth bleeding on probing (BoP) score. To detect
a reduction in the BoP score from 25.2% in the placebo
group to 11.6% in the L. brevis CD2 group (SD=12.1),
with 80% power and a 5% significance level, a total of 26
subjects was required. This corresponds to 13 subjects
per group. The calculation ensured that the study was
adequately powered to detect a statistically significant
difference between the treatment and placebo groups if
such a difference existed. The sample size was computed
using standard formulas for comparing continuous out-
comes in clinical trials, taking into account the expected
effect size and variability [50, 51].

Randomization procedures and interventions

Eligible subjects were randomized in a 1:1 ratio using a
block randomization approach (sealedenvelope.com,
block size: 4, 6, 8; list length: 36). Allocation concealment
was maintained through sealed opaque envelopes con-
taining information about the allocation (intervention
or placebo). After a participant had given his/her con-
sent to participate in the trial, an envelope was unsealed,
revealing the assigned treatment regimen. To ensure
blinding for both participants and clinical experiment-
ers, an external investigator —who was not involved in
clinical or statistical procedures — performed the unseal-
ing and delivered the treatments. Out of 36 individuals
screened, 30 met the eligibility criteria. Thus, these 30
subjects (15 females and 15 males) were assigned to one
of the following study groups: the L. brevis CD2 group
(n=15, females=7 and males=38), which received loz-
enges containing the probiotic, and the placebo group
(n=15, females = 8 and males = 7), which received placebo
lozenges. An enrolment CONSORT diagram is provided
as Fig. 1. The probiotic and placebo lozenges were identi-
cal in taste, color, texture, and size, but the placebo loz-
enges did not contain active bacteria. Each participant
received a container of lozenges upon enrolment. Neither
the subjects nor the researchers were aware of the type of
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lozenges provided. All 30 participants were able to com-
plete the entire study protocol. No adverse effects were
registered.

Interventions

All participants took four lozenges daily of active inter-
vention (L. brevis CD2, CNCM 1-5566 > 1 x 10° CFU/loz-
enge, Mucomixx Lot. N° 2301401; EOS2021 Srl, Rome,
Italy)/placebo for four weeks. The composition of both
the intervention and placebo is detailed in Table 2. Fol-
lowing this period, there was a two-week washout period,
during which participants did not taken any lozenges.
This period was implemented to assess the stability of the
results achieved.

Saliva sample collection and flow rate measurements

To collect unstimulated salivary samples, participants
were instructed to refrain from eating, drinking, smok-
ing, or conducting oral hygiene procedures for at least
90 minutes prior to the collection. All measurement
were conducted between 9:00 and 12:00 a.p. to mini-
mize diurnal variations in saliva output. Participants
were copfortably seated in the dental chair and, after five
minutes of relaxation, were trained to avoid swallowing
saliva and asked to lean forward and expectorate all saliva
produced during the 5 minutes into a pre-labeled, pre-
weighed 50 mL sterile polypropylene tube. The volupe
of saliva collected was recorded. The salivary flow rate
was calculated using the following formula: Salivation
rate (mL/min)=saliva volume (mL)/saliva collection
time (min). Each vial of saliva was then thawed and cen-
trifuged at 500 x g for 10 minutes, and the supernatants
were aliquoted into 1.5 mL tubes and stored at 80 °C until
further processing.

Clinical evaluations

Clinical examinations were performed by one of the
study authors. Full-mouth BoP, calculated as the per-
centage of bleeding sites from a total of six sites per
tooth (excluding the third molars), was used to assess
the gingival condition. The presence or absence of BoP
was recorded using a millimeter probe (UNC-15 probe,
PCPUNCI15, Hu-Friedy, North Carolina, USA). The
probe was gently inserted between the tooth and the gum
at four sites per tooth (buccal, mesial, distal, and palatal/
lingual) with a pressure of approximately 20 N [52]. The
extent of BoP was determined by dividing the number
of bleeding sites by the total number of probed sites and
expressing it as a percentage. The dichotomous status of
non-bleeding or bleeding gums was defined according to
BoP (non-bleeding gums: BoP in <10%; bleeding gums:
BoP in 210%) [53]. PI was defined as the percentage of
sites with dental plaque, considering four sites per tooth
and excluding the third molars [54]. Each surface (buccal,
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Analysed (n=15)

Fig. 1 Consort flowchart

Table 2 Dietary supplement composition

Analysed (n=15)

L. brevis CD2 (= 1x10° CFU/lozenge): sorbitol, hydroxypropyl cellulose, xylitol, magnesium stearate, talc, silicon dioxide,

flavoring - strawberry

Placebo lozenge: sorbitol, hydroxypropy! cellulose, xylitol, magnesium stearate, talc, silicon dioxide, flavoring - strawberry

Dissolve in the mouth
four daily lozenges for
four weeks

lingual, mesial, and distal) was scored as follows: 0=no
plaque; 1=a film of plaque adhering to the free gingival
margin and adjacent area of the tooth, visible only with
the probe; 2=moderate accumulation of soft deposits
on the tooth or gingival margin visible to the naked eye;
3 =abundant soft matter on the tooth and gingival mar-
gin. The scores of each examined surface were summed
and divided by the total number of surfaces examined .

Estimation of pH and buffering capacity of saliva

Immediately after collection, 0.5 mL of each saliva sam-
ple was placed in a sterile tube. The pH was measured
using a digital pH meter (Mettler Toledo, Columbus,

Ohio, USA). The buffering capacity of saliva was evalu-
ated using the Ericsson method [55]. For this evaluation,
0.5 mL of saliva was added to 1.5 mL of 5 mmol/L hydro-
chloric acid (HCL). The mixture was vigorously shaken
(Corning Incorporated, Corning, NY, USA) and allowed
to stand for 10 min. Finally, the pH reading was recorded
using digital pH meter.

Quantification of salivary biomarkers

Glucose The quantitative concentration of salivary glu-
cose levels was carried out using a glucose assay colori-
metric Kit (Cell Biolabs, San Diego, CA, USA), according
to the manufacturer’s instructions. The absorbance was
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measured using a spectrophotometric reading (micro-
plate reader; Bio-Rad Laboratories, Hercules, CA, USA)
at a wavelength of 550 nm. Glucose concentration was
calculated based on a standard curve and expressed in
mg/dL.

D-lactate assay Salivary D-lactate levels were measured
using a D-lactic acid/lactate colorimetric assay kit (Immu-
nological Sciences, Roma, Italy), according to the manu-
facturer’s instructions. The absorbance was assessed using
the spectrophotometric reading at 530 nm (microplate
reader; Bio-Rad Laboratories). The D-lactate concentra-
tion was calculated according to the standard curve values
and expressed in mmol/dL.

Secretory immunoglobulins a (sIgA) sIgA were quanti-
fied using an ELISA assay kit (Immunological Sciences)
according to the manufacturer’s instructions. The absor-
bance reader was evaluated by an ELISA reader set to
a wavelength of 570 nm. The sIgA concentration was
expressed in pg/mL.

Statistical analysis

Data preparation and descriptive statistics

The primary outcome measure was the change in full-
mouth BoP from baseline (T0) to four weeks post-treat-
ment (T1). The change score (ABoP) was calculated as
the difference between the follow-up scores (T1 and T2)
and the baseline (TO0) score for each participant. Sum-
mary statistics were computed for each group, including
means and standard deviations (SD). Bar plots and scat-
terplots were primarily used to visualize the distribution
of all variables across the treatment and placebo groups.
Mean and standard errors (SE) were reported unless
specified otherwise.

Non-parametric testing

Due to the non-normal distribution of the data, as con-
firmed by the Shapiro-Wilk test of the residuals from an
ANCOVA model (W=0.9438, p<0.001), we employed
the Wilcoxon rank-sum test to compare the change
scores between the L. brevis CD2 group and placebo

group.

Alternative transformations and normality assessment

To further assess the robustness of our findings, we
applied the inverse hyperbolic sine transformation
(ASINH) to the change scores. The ASINH transforma-
tion can handle negative values, unlike the logarithmic
transformation. The normality of the transformed data
was re-evaluated using the Shapiro-Wilk test, ensuring
that the assumptions for parametric tests were met as
closely as possible.
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Robust regression analysis

In addition to the non-parametric tests, a robust regres-
sion analysis was performed. This approach is less sensi-
tive to outliers and provides more reliable estimates when
the data do not meet the assumptions of ordinary least
squares regression [56, 57].

Bootstrapping for confidence intervals

To provide robust estimates of the treatment effect and
associated confidence intervals, we employed bootstrap-
ping with 1000 replications. This non-parametric resam-
pling technique allows for the estimation of the sampling
distribution of the statistic and provides more accurate
confidence intervals, particularly in small sample sizes or
non-normally distributed data.

Software used

The statistical analyses were performed using R software
(version 4.3.2) for ARM M1 processors. The complete
R Markdown file, which included the code and detailed
steps of the analysis, was provided as supplementary
material accompanying this manuscript.

Results

Baseline characteristics

The baseline characteristics of the study participants,
stratified by the L. brevis CD2 and placebo groups, are
summarized in Table 3. The sample consisted of 30 par-
ticipants, with 15 individuals in each group. The gender
distribution was similar across the groups, with 46.7%
females in the L. brevis CD2 group and 53.3% in the pla-
cebo group. Among the 30 enrolled subjects, 24 were
aged between 24 and 43 years, while six participants—
three from each group—were aged between 51 and 70
years. The average age was nearly identical in the two
groups: 37.9 years (SD =14.2) for the L. brevis CD2 group
and 38.1 years (SD =13.2) for the placebo group. Smoking
status was also balanced, with 46.7% non-smokers and
53.3% smokers in both groups. No statistically significant
differences were found between the groups in terms of
age, sex, smoking status, and other baseline parameters,
including full-mouth BoP and PI scores, salivation rate,
pH, buffer capacity, and glucose, D-lactate, and sIgA lev-
els (p > 0.05 for all comparisons). Considering the impact
of smoking on oral health [58-60], we further strati-
fied the clinical and demographic characteristics of the
enrolled individuals at baseline by smoking status (non-
smokers and smokers) (Supplementary file Table S1).

Effects of L. brevis CD2-containing lozenges on full-mouth
BoP and Pl scores.

The four-week L. brevis CD2 treatment resulted in a
highly significant reduction in BoP score compared to
baseline (p<0.0001). The values remained significantly



Altamura et al. Journal of Translational Medicine (2025) 23:128 Page 7 of 16
Table 3 Clinical and demographic characteristics of enrolled individuals at baseline

Parameters L. brevis CD2 Placebo p-value
N 15 15

Female (%) 7(46.7) 8(53.3) 1

Male (%) 8(53.3) 7 (46.7)

Age (mean (SD)) 37.93(14.16) 38.13(13.21) 0.968
Nonsmokers (%) 7 (46.7) 8(53.3) 1
Smokers (%) 8(53.3) 7 (46.7)

Full-mouth BoP score (%) (mean (SD)) 2137 (6.70) 2042 (4.32) 0.649
Full-mouth Pl score (%) (mean (SD)) 36.33 (4.08) 35.47 (4.36) 0.578
Salivation rate (mL/Min) (mean (SD)) 0.37(0.06) 0.36 (0.07) 0.691
pH (mean (SD)) 7.10(0.27) 7.07 (0.21) 0.786
Buffer capacity (mean (SD)) 5.03(0.35) 5.09 (0.38) 0.682
Glucose (mg/dL) (mean (SD)) 0.28 (0.17) 0.22 (0.10) 0.303
D-lactate (uM) (mean (SD)) 5.20(2.10) 476 (1.79) 0.546
sIgA (ug/mL) (mean (SD)) 8.10(3.83) 9.93 (4.36) 0.232

lower even after washout (p < 0.0001), demonstrating the
lasting effect of the probiotic on this parameter (Fig. 2A).
In contrast, no significant changes occurred in the pla-
cebo group after treatment or following the washout
period (Fig. 2B). Regarding the differences between the
groups, the L. brevis CD2 group exhibited a significantly
lower BoP score than the placebo group at both T1 and
T2 (p<0.001) (Fig. 2C). Similar to BoD, after four-week
treatment with L. brevis CD2, PI values were significantly
lower than baseline (p < 0.0001), and the values remained
significantly lower even at washout (p<0.0001), dem-
onstrating the stability of the probiotic’s effect (Fig. 2B).
No significant changes were observed in the placebo
group at either T1 or T2. When comparing the groups,
the probiotic group showed significantly lower PI scores
than the placebo, both at post-treatment and after wash-
out (p<0.0001) (Fig. 2D). When the data was analyzed
by dividing participants into smokers and non-smokers,
it was found that the effects of L. brevis on BoP and PI
scores were not influenced by smoking habits (Supple-
mentary file Fig. S1).

Data reported in Fig. 2E and F show a significant posi-
tive correlation between changes in BoP and PI scores
after four weeks of treatment (R=0.72) and two weeks
of washout (R=0.67), with an improvement in both BoP
and PI scores for the L. brevis CD2 group (dots in the
green area) as shown in the quadrant analysis.

To determine whether changes in BoP influenced by
changes in PI, a mediation analysis was conducted assess-
ing the relationship between the treatments (x), change
in PI (API) (m, mediator), and change in BoP (ABoP)
from baseline to T1 (y, primary outcome) (Fig. 2G). The
total effect (c) of the treatment group on ABoP was 10.3
(p<0.001), suggesting a strong impact. The direct effect
(c’) of the treatment group on ABoP, removing the effect
of the PI, was 10.4 (p<0.001), indicating a significant
direct influence of treatment on BoP. The indirect effect

(ab) of the treatment group on ABoP through the PI was
-0.12. The confidence interval for the indirect effect
included zero, indicating that this effect was not statis-
tically significant. These results strongly indicate that
the effect of the L. brevis CD2 treatment on changes in
BoP was primarily direct, rather than mediated through
changes in PI.

Effects of L. brevis CD2-containing lozenges on salivation
rate, pH, and buffering capacity of saliva

The four-week L. brevis CD2 treatment had a remark-
ably significant (p < 0.01) impact on salivation rates com-
pared to baseline, and the values remained significantly
higher at washout (p<0.05) (Fig. 3A). Analysis of data
by smoking status showed that the probiotic increased
salivation rates in both non-smokers and smokers. How-
ever, the effect was statistically significant for smokers
only at both T1 and T2 (Supplementary file Fig. S2, panel
A). In contrast, the placebo group showed no significant
changes in salivation rate either at T1 or T2 compared to
TO. Regarding the differences between the groups, the
intake of L. brevis CD2 substantially enhanced the saliva-
tion rate both at post-treatment and washout compared
to placebo, with a high level of statistical significance
(p<0.0I) (Fig. 3D).

The four-week treatment with L. brevis CD2 did not
significantly alter the salivary pH compared to baseline,
and the values did not change even after the two weeks
of washout (Fig. 3B). Even stratifying the data by smok-
ing status, there were no significant differences in sali-
vary pH values (Supplementary file Fig. S2, panel B). In
subjects treated with the placebo, no significant changes
in salivary pH values were detected either at T1 or T2
compared to baseline. Regarding the differences between
the groups, an increase in pH was recorded in the pro-
biotic group at T1 compared to placebo, although it was
not significant (Fig. 3E). Even though the analysis did
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not show any differences between salivary pH at TO and
T1, a statistical difference was observed at T2 (p< 0.05).
After four weeks of L. brevis CD2 treatment, the buffer-
ing capacity significantly increased compared to baseline
(p<0.0001) (Fig. 3C), and the values remained substan-
tially higher also at washout (p< 0.0001), demonstrating
the prolonged effect of the probiotic. Additionally, the
analysis of the data based on smoking status revealed
that the impact of L. brevis on buffering capacity was not
influenced by the smoking habits (Supplementary file Fig.
S2, panel C).

The placebo group showed no significant changes in
the buffer capacity either at T1 or at T2 with respect
to TO. When comparing the groups, the L. brevis CD2
group exhibited the buffering capacity values consider-
ably higher both at post-treatment and washout com-
pared to placebo (p < 0.0001) (Fig. 3F).

Effects of L. brevis CD2-containing lozenges on salivary
biomarkers

After four weeks of L. brevis CD2 treatment, a decrease
in salivary glucose levels was depicted compared to base-
line, even though the effect reached a statistical signifi-
cance after the two-week washout (Fig. 4A) (p<0.05).
Conversely, no significant changes in salivary glucose
levels were found in the placebo group at different time
points. When comparing the groups, the L. brevis CD2
group displayed salivary glucose levels significantly lower
than the placebo at post-treatment (p<0.05) and even
more so at washout (p<0.0I) (Fig. 4C). Additionally, the

four-week intake with the probiotic significantly reduced
salivary D-lactate levels with respect to TO (p<0.01),
and the values remained significantly reduced even at
T2 (p<0.01). When analyzing the data based on smok-
ing status, the probiotic was found to effectively lower
D-lactate levels in both smokers and non-smokers at T1.
Of note, in non-smokers the effect of L. brevis assump-
tion remained statistically significant even at T2 (Supple-
mentary file Fig. S3, panel B). The placebo group showed
no significant changes in salivary D-lactate values at the
various time points. Regarding the differences between
the groups, the probiotic group exhibited D-lactate lev-
els considerably lower both after four weeks of treatment
and at follow-up compared to placebo (p < 0.01) (Fig. 4D).

The intake of L. brevis CD2 resulted in a highly signifi-
cant increase (p < 0.01) in salivary sIgA levels at T1 com-
pared to TO (Fig. 5A), and the effect was supported even
at T2, thus maintaining significantly higher values than
TO (p<0.0I). Notably, this effect was statistically sig-
nificant only for the non-smoker group (Supplementary
file Fig. S3, panel C). No significant changes were regis-
tered in the placebo group at post-treatment and wash-
out compared to baseline (p > 0.05). When comparing the
groups, the probiotic intake increased sIgA levels com-
pared to the placebo, with the differences being statisti-
cally significant at T2 (p < 0.05) (Fig. 5B).

The heatmaps presented in Fig. 6 illustrate the changes
(T1 vs. baseline) in clinical and salivary parameters of all
subjects included in the trial (placebo and L. brevis CD2
groups). Darker shades indicate higher values, while
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lighter shades represent lower values. After probiotic
treatment at the individual level, the A scores (As) high-
light a relevant improvement in all the evaluated clinical
and salivary parameters compared to the placebo group.
Additionally, a heatmap comparing smokers and non-
smokers confirms that smoking status did not signifi-
cantly impact the beneficial effects of the probiotic on the
examined parameters (Supplementary file Fig. S4).

Discussion

The present double-blind, randomized, placebo-con-
trolled clinical study aimed to evaluate the effects of a
one-month treatment with the oral probiotic Levilacto-
bacillus brevis CD2 (CNCM I-5566 on various oral health
parameters in adult subjects. We specifically examined
changes in full-mouth bleeding on probing (BoP) and
plaque index (PI) scores. The results showed that the

intake of L. brevis CD2 lozenges positively influenced
these clinical parameters compared to both the base-
line measurements and the placebo group. Of note, we
found a strong and highly significant correlation between
changes in BoP and PI scores after four weeks of treat-
ment and after two weeks of washout, both within the L.
brevis CD2 group and placebo. All subjects treated with
the probiotic exhibited an improvement in both clini-
cal parameter scores. Additionally, we also conducted
a mediation analysis to verify whether the effect of the
probiotic treatment on BoP was influenced by changes
in PI. Our findings demonstrated that the L. brevis CD2
treatment’s impact on BoP changes was primarily direct,
rather than mediated through changes in PIL.

Our study also uncovered an improvement in saliva-
tion rate among subjects treated with L. brevis CD2. To
the best of our knowledge, our results represent the first
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evidence of the positive impact of L. brevis CD2 on this
crucial parameter for maintaining both oral and sys-
temic health [61, 62]. Previous research has shown that
salivary flow rate is reduced in patients with increased
caries activity and various associated pathological sys-
temic conditions, such as Sjogren’s syndrome and dia-
betes. Additionally, certain treatments, like drug intake
or therapeutic radiation for head and neck cancers, can
damage salivary glands [63-65]. Conversely, a higher
salivary flow rate is associated with enhanced buffering
capacity, improved remineralization/demineralization
ratio, increased antimicrobial action, and better immune
function. These factors collectively create a less favorable
environment for the development of cariogenic biofilms
[66], which is a crucial piece of knowledge for oral health
professionals. Another key objective of this study was to
investigate the ability of probiotic L. brevis CD2 lozenges
not to alter salivary pH, a pivotal element in preserving
the health of the oral cavity and a significant indicator
of the carious process [67]. Low salivary pH fosters the
growth of aciduric bacteria, facilitating the proliferation
of acidogenic bacteria, thereby creating an unfavorable
environment for protective oral bacteria. Our findings
emphasize the distinct capability of the probiotic to not
alter the pH value in the treated subjects. This effect
can be attributed to the arginolytic nature of the L. bre-
vis CD2 strain in the lozenges, leading to the genera-
tion of ammonia ions that can counteract and maintain
the physiological salivary pH value>7 [32, 42—44]. This
result is particularly intriguing given that some probiot-
ics tested in vitro have instead resulted in a decrease in
salivary pH [68—70]. Saliva’s buffering capacity is crucial,
as it helps maintain pH levels, neutralizes the effects of
acid exposure, and prevents enamel demineralization
and dental caries [71]. Factors that positively influence

salivary buffering capacity include bicarbonate ions
(HCOjy"), proteins, and phosphates, and a high salivary
flow rate [72]. Our study found a relevant and statistically
significant improvement in buffering capacity values in
all subjects treated with L. brevis CD2 compared to base-
line and placebo.

Regarding the impact of the probiotic treatment on
salivary glucose levels, although the results did not reach
statistical significance, a downward trend was observed
following the intake of L. brevis CD2 compared to base-
line. Considering the critical role of salivary glucose as
a biomarker for dental caries and its association with
diabetes, these findings could be highly relevant in pre-
venting dental caries and systemic diseases, including
diabetes [73-75]. D-lactate, another essential salivary
component in oral health, resulted in a substantial reduc-
tion in the L. brevis CD2 group versus the baseline or pla-
cebo group, and the effect remained significant and stable
even at follow-up. Also, this effect of L. brevis CD2 rep-
resents the first evidence of the ability of a probiotic to
influence basic salivary D-lactate levels. This result could
also be related to the ability of L. brevis CD2 to reduce
salivary glucose levels, being D-lactate one of the two
stereoisomers of lactic acid produced during the bacte-
rial metabolism of carbohydrates, mainly glucose [76]. It
has been reported that inflammatory bowel disease and
metabolic disorders, which are closely associated with
dental caries [77, 78], can affect D-lactate metabolism
[79, 80]. Thus, L. brevis CD2 could prevent dental car-
ies by decreasing salivary glucose and D-lactate levels.
Probiotics may influence saliva’s composition, including
the concentrations of mucins and salivary immunoglob-
ulins, which can affect the quantity and nature of saliva
secreted. Among the various components of saliva, sIgA
exemplify local immunity and host defense. sIgA play a
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defensive role by opsonizing and agglutinating bacteria
and preventing their adhesion to the epithelium of the
gastrointestinal tract mucosa, including the oral cav-
ity [26—28]. Notably, the four-week L. brevis CD2 treat-
ment resulted in a significant and sustained increase in
sIgA levels compared to the baseline. This effect was
maintained even after the washout, providing a reassur-
ing indication of the treatment’s lasting impact. Further-
more, while the mean sIgA levels were higher in the L.
brevis CD2 group compared to the placebo, statistical
significance was only reached at follow-up. The prom-
ising results of probiotics in preventing major oral dis-
eases like periodontitis and dental caries are encouraging
and motivate further research and development in this
area. Our findings show that L. brevis CD2 could have
a remarkable prophylactic and preventive effect on the
maintenance of oral diseases, significantly improving
clinical parameters and salivary biomarkers. The clinical
relevance of consuming dairy products containing this
probiotic suggests that it could be a supporting approach
to preventing dental caries and other oral diseases. The
results of the current trial support the growing evidence
that certain strains of Lactobacillus can enhance or main-
tain oral cavity health [81]. In general, the oral benefits
of Lactobacillus species, the most widely studied as bac-
terial probiotics, involve several mechanisms. These
include the production of organic acids, hydrogen perox-
ide, antibacterial compounds, bacteriocins, and adhesion
inhibitors [82].

Some Lactobacillus strains release factors that have
immunomodulatory and anti-inflammatory properties
[81, 82]. These factors promote a balanced microbial
community by engaging in competitive and antibacte-
rial activities against pathogenic bacteria. Evidence has
shown that consuming specific Lactobacillus strains can
prevent periodontal disease by inhibiting the formation
of dental plaque in the oral cavity [83]. This protective
effect is linked to lipase enzymes produced by selected
Lactobacillus strains, which can degrade pathogen bio-
films. Of note, the beneficial impact of specific Lacto-
bacillus on periodontal tissues has been attributed to
their ability to enhance the proteolytic resistance of con-
nexins, such as E-cadherin and B-catenin, in epithelial
cells against pathogens like P gingivalis [84, 85]. More-
over, Lactobacillus strains have been found to release
metabolic products, such as exopolysaccharides, which
exhibit strong antioxidant properties [86, 87]. Some spe-
cies of Lactobacillus also show antioxidative functions by
increasing the expression of antioxidant enzymes, such as
heme oxygenase 1, in gingival epithelial cells [85].

Additionally, various biochemical and molecular mech-
anisms have been identified to explain how certain Lacto-
bacillus strains inhibit immune-inflammatory responses
[81, 82]. This includes the suppression of NOS2, matrix
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metalloproteinases (MMPs), and pro-inflammatory cyto-
kines [32]. Notably, high levels of ADI present in L. brevis
may competitively inhibit NOS, thereby helping to sup-
press inflammatory responses associated with periodon-
titis [32].

We readily recognize the limitations of our study. The
relatively small number of participants requires planning
further research with a larger sample size based on the
results obtained in the present trial, with the promise of
providing more robust and generalizable results. More-
over, even if similar time points were used in previous
studies, a four-week probiotic intake and a two-week
follow-up period could be considered relatively short
to establish the long-term effect of L. brevis CD2. Some
probiotics for oral care claim to enhance the body’s nat-
ural defenses in the oral cavity. This claim emphasizes
their ability to strengthen the immune response and pro-
mote oral health. Another limitation of our study is the
lack of oral microbiome analysis. Notably, effective colo-
nization of the oral cavity by L. brevis has been reported
in individuals with healthy gums or mild gingivitis, even
after a short period of probiotic administration [81, 88].
Although the participants in this trial were healthy, it
would be crucial to investigate whether the intake of L.
brevis can help maintain the balance of the oral microbi-
ome, similar to findings reported for the gut microbiome
[89-91].

Finally, although we evaluated the influence of L. bre-
vis CD2 on some salivary markers (salivation rate, pH,
buffering capacity, glucose, D-lactate, sIgA), to gain a
complete picture of this probiotic’s impact, it will be
noteworthy to evaluate its effect on other salivary param-
eters equally indicative of oral health.

Abbreviations

BoP Bleeding on probing

Pl Plaque index

slgA Secretory immunoglobulins A
L. brevis  Levilactobacillus brevis

NOS2 Nitric oxide synthase 2

NO Nitric oxide

ADI Arginine deiminase

MMPs Matrix metalloproteinases

RCT Randomized controlled trial
DMFT Decayed, missing, and filled teeth

Supplementary Information
The online version contains supplementary material available at https://doi.or
g/10.1186/512967-024-06000-1.

Additional file 1: Complete R Markdown file including the code and
detailed steps of the analysis

Supplementary Material 2

Acknowledgements

The Authors sincerely thank Prof. Claudio De Simone and Prof. Maria
Grazia Cifone for their precious and valuable advice and for reviewing the
manuscript.


https://doi.org/10.1186/s12967-024-06000-1
https://doi.org/10.1186/s12967-024-06000-1

Altamura et al. Journal of Translational Medicine (2025) 23:128

Author contributions

Conceptualization, S.A, FL., and D.P; methodology, S.A, FL, FRA, B.C, and
D.P; formal analysis, S.A, FL. and D.P; investigation, S.A, FL, FRA, and AB,;
data curation, S.A, FL, FRA, AB, and D.P; original draft preparation, S.A. and
FL, review and editing, M.G,, B.C, and D.P; supervision, M.G,, B.C, and D.P;
project administration, B.D,, and D.P. All authors have read and agreed to the
published version of the manuscript.

Funding
No specific funds were used for this study.

Data availability
The datasets underlying this article will be shared on reasonable request to
the corresponding author.

Declarations

Ethics approval and consent to participate

The study was approved by the Internal Review Board (Protocol n. 48/2022,
22.11.2022) of the University of LAquila (taly). Informed consent was obtained
from all subjects.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Life, Health & Environmental Sciences, University of
’Aquila, Building Rita Levi Montalcini, Coppito, LAquila 67100, Italy

2PhD School in Medicine and Public Health, University of LAquila, LAquila,
Italy

3Center of Oral Diseases, Prevention and Translational Research - Dental
Clinic, LAquila, Italy

Received: 23 July 2024 / Accepted: 16 December 2024
Published online: 28 January 2025

References

1. Gaffen SL, Moutsopoulos NM. Regulation of host-microbe interactions at oral
mucosal barriers by type 17 immunity. Sci Immunol. 2020;5(43).

2. Radaic A, Kapila YL. The oralome and its dysbiosis: new insights into oral
microbiome-host interactions. Comput Struct Biotechnol J. 2021;19:1335-60.

3. Bowen WH, Burne RA, Wu H, Koo H. Oral biofilms: pathogens, Matrix,
and Polymicrobial interactions in Microenvironments. Trends Microbiol.
2018;26(3):229-42.

4. Graves DT, Correa JD, Silva TA. The oral microbiota is modified by systemic
diseases. J Dent Res. 2019,98(2):148-56.

5. Menon RK, Gomez A, Brandt BW, Leung YY, Gopinath D, Watt RM, et al.
Long-term impact of oral surgery with or without Amoxicillin on the oral
microbiome-A prospective cohort study. Sci Rep. 2019,9(1):18761.

6. Shapiro H, Goldenberg K, Ratiner K, Elinav E. Smoking-induced microbial
dysbiosis in health and disease. Clin Sci (Lond). 2022;136(18):1371-87.

7. Santacroce L, Passarelli PC, Azzolino D, Bottalico L, Charitos IA, Cazzolla AP, et
al. Oral microbiota in human health and disease: a perspective. Exp Biol Med.
2023;248(15):1288-301.

8. Krishnan K, ChenT, Paster BJ. A practical guide to the oral microbiome and its
relation to health and disease. Oral Dis. 2017,23(3):276-86.

9. Timpel J, Klinghammer S, Riemenschneider L, Ibarlucea B, Cuniberti G,
Hannig C, et al. Sensors for in situ monitoring of oral and dental health
parameters in saliva. Clin Oral Investig. 2023;27(10):5719-36.

10.  Dawes C, Wong DTW. Role of Saliva and Salivary Diagnostics in the Advance-
ment of oral health. J Dent Res. 2019;98(2):133-41.

11, Pittman TW, Decsi DB, Punyadeera C, Henry CS. Saliva-based microfluidic
point-of-care diagnostic. Theranostics. 2023;13(3):1091-108.

12. Manmontri C, Nirunsittirat A, Piwat S, Wattanarat O, Pahumunto N, Makeu-
dom A, et al. Reduction of Streptococcus mutans by probiotic milk: a multi-
center randomized controlled trial. Clin Oral Investig. 2020;24(7):2363-74.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

34.

35.

36.

Page 14 of 16

FAO/WHO. Health and nutritional properties of probiotics in food including
powder milk with live lactic acid bacteria. Food and Agriculture Organization
of the United Nations; 2001. pp. 1-4.

Azad MAK; Sarker M, Wan D. Immunomodulatory effects of Probiotics on
Cytokine profiles. Biomed Res Int. 2018;2018:8063647.

Monteagudo-Mera A, Rastall RA, Gibson GR, Charalampopoulos D, Chatzi-
fragkou A. Adhesion mechanisms mediated by probiotics and prebiotics
and their potential impact on human health. Appl Microbiol Biotechnol.
2019;103(16):6463-72.

Markowiak-Kopec P, Slizewska K. The Effect of Probiotics on the produc-

tion of short-chain fatty acids by human intestinal microbiome. Nutrients.
2020;12(4).

Anjana TSK. Bacteriocin-producing probiotic lactic acid Bacteria in Controlling
Dysbiosis of the gut microbiota. Front Cell Infect Microbiol. 2022;12:851140.
Yu X, Devine DA, Vernon JJ. Manipulating the diseased oral microbiome: the
power of probiotics and prebiotics. J Oral Microbiol. 2024;16(1):2307416.

Xia C, Jiang C, Li W, Wei J, Hong H, Li J, et al. A phase Il randomized clinical trial
and mechanistic studies using Improved Probiotics to prevent oral Mucositis
Induced by Concurrent Radiotherapy and Chemotherapy in Nasopharyngeal
Carcinoma. Front Immunol. 2021;12:618150.

Amato M, Di Spirito F, D’Ambrosio F, Boccia G, Moccia G, De Caro F. Probiotics
in Periodontal and Peri-implant Health Management: Biofilm Control, dysbio-
sis reversal, and Host Modulation. Microorganisms. 2022;10(11).

Rebelo MB, Oliveira CS, Tavaria FK. Novel strategies for preventing dysbiosis in
the oral cavity. Front Biosci (Elite Ed). 2023;15(4):23.

Luo SC, Wei SM, Luo XT, Yang QQ, Wong KH, Cheung PCK, et al. How probiot-
ics, prebiotics, synbiotics, and postbiotics prevent dental caries: an oral micro-
biota perspective. NPJ Biofilms Microbiomes. 2024;10(1):14.

Vaisberg M, Paixao V, Almeida EB, Santos JMB, Foster R, Rossi M et al. Daily
Intake of Fermented Milk Containing Lactobacillus casei Shirota (Lcs)
Modulates Systemic and Upper Airways Immune/Inflammatory Responses in
Marathon Runners. Nutrients. 2019;11(7).

Pahumunto N, Sophatha B, Piwat S, Teanpaisan R. Increasing salivary IgA and
reducing Streptococcus mutans by probiotic Lactobacillus paracasei SD1: a
double-blind, randomized, controlled study. J Dent Sci. 2019;14(2):178-84.
Ebrahimpour-Koujan S, Milajerdi A, Larijani B, Esmaillzadeh A. Effects of
probiotics on salivary cytokines and immunoglobulines: a systematic review
and meta-analysis on clinical trials. Sci Rep. 2020;10(1):11800.

Marcotte H, Lavoie MC. Oral microbial ecology and the role of salivary immu-
noglobulin A. Microbiol Mol Biol Rev. 1998,62(1):71-109.

Ranadheer E, Nayak UA, Reddy NV, Rao VA. The relationship between salivary
IgA levels and dental caries in children. J Indian Soc Pedod Prev Dent.
20171;29(2):106-12.

Herich R. Is the role of IgA in local immunity completely known? Food Agri-
cultural Immunol. 2017;28(2):223-37.

Zheng J, Wittouck S, Salvetti E, Franz C, Harris HVB, Mattarelli P, et al. A
taxonomic note on the genus Lactobacillus: description of 23 novel genera,
emended description of the genus Lactobacillus Beijerinck 1901, and

union of Lactobacillaceae and Leuconostocaceae. Int J Syst Evol Microbiol.
2020;70(4):2782-858.

Campus G, Cocco F, Carta G, Cagetti MG, Simark-Mattson C, Strohmenger L,
et al. Effect of a daily dose of Lactobacillus brevis CD2 lozenges in high caries
risk schoolchildren. Clin Oral Investig. 2014;18(2):555-61.

Lai S, Lingstrom P, Cagetti MG, Cocco F, Meloni G, Arrica MA, et al. Effect of
Lactobacillus brevis CD2 containing lozenges and plaque pH and cariogenic
bacteria in diabetic children: a randomised clinical trial. Clin Oral Investig.
2021;25(1):115-23.

Riccia DN, Bizzini F, Perilli MG, Polimeni A, Trinchieri V, Amicosante G, et

al. Anti-inflammatory effects of Lactobacillus brevis (CD2) on periodontal
disease. Oral Dis. 2007;13(4):376-85.

lerardo G, Bossu M, Tarantino D, TrinchieriV, Sfasciotti GL, Polimeni A. The
arginine-deiminase enzymatic system on gingivitis: preliminary pediatric
study. Ann Stomatol (Roma). 2010;1(1):8-13.

Maekawa T, Hajishengallis G. Topical treatment with probiotic Lactobacillus
brevis CD2 inhibits experimental periodontal inflammation and bone loss. J
Periodontal Res. 2014:49(6):785-91.

Lee JK, Kim SJ, Ko SH, Ouwehand AC, Ma DS. Modulation of the host
response by probiotic Lactobacillus brevis CD2 in experimental gingivitis.
Oral Dis. 2015;21(6):705-12.

Shah MP, Gujjari SK, Chandrasekhar VS. Long-term effect of Lactobacillus bre-
vis CD2 (Inersan((R))) and/or doxycycline in aggressive periodontitis. J Indian
Soc Periodontol. 2017;21(4):341-3.



Altamura et al. Journal of Translational Medicine

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

53.

54.

55.

56.

57.

58.

59.

60.

(2025) 23:128

Sharma A, Rath GK, Chaudhary SP, Thakar A, Mohanti BK, Bahadur S. Lacto-
bacillus brevis CD2 lozenges reduce radiation- and chemotherapy-induced
mucositis in patients with head and neck cancer: a randomized double-blind
placebo-controlled study. Eur J Cancer. 2012;48(6):875-81.

Sharma A, Tilak T, Bakhshi S, Raina V, Kumar L, Chaudhary S, et al. Lactobacillus
brevis CD2 lozenges prevent oral mucositis in patients undergoing high dose
chemotherapy followed by haematopoietic stem cell transplantation. ESMO
Open. 2016;1(6):e000138.

Tasli L, Mat C, De Simone C, Yazici H. Lactobacilli lozenges in the manage-
ment of oral ulcers of Behcet's syndrome. Clin Exp Rheumatol. 2006;24(5
Suppl 42):583-6.

Niscola P Tendas A, Scaramucci L, Giovannini M, Trinchieri V, De Fabritiis

P. Aphthous oral ulceration and its successful management by Lactoba-
cillus brevis CD2 extract in an adult haemophilic patient. Haemophilia.
2012,18(3):¢78-9.

Di Marzio L, Russo FP, D'Alo S, Biordi L, Ulisse S, Amicosante G, et al. Apoptotic
effects of selected strains of lactic acid bacteria on a human T leukemia cell
line are associated with bacterial arginine deiminase and/or sphingomyelin-
ase activities. Nutr Cancer. 2001;40(2):185-96.

Abruzzo A, Vitali B, Lombardi F, Guerrini L, Cinque B, Parolin C et al. Mucoad-
hesive Buccal films for local delivery of. Pharmaceutics. 2020;12(3).

Marquis RE, Bender GR, Murray DR, Wong A. Arginine deiminase system

and bacterial adaptation to acid environments. Appl Environ Microbiol.
1987;53(1):198-200.

Nascimento MM, Gordan VWV, Garvan CW, Browngardt CM, Burne RA. Correla-
tions of oral bacterial arginine and urea catabolism with caries experience.
Oral Microbiol Immunol. 2009;24(2):39-95.

Gordan VWV, Garvan CW, Ottenga ME, Schulte R, Harris PA, McEdward D, et al.
Could alkali production be considered an approach for caries control? Caries
Res. 2010,44(6):547-54.

Reyes E, Martin J, Moncada G, Neira M, Palma P, Gordan V, et al. Caries-free
subjects have high levels of urease and arginine deiminase activity. J Appl
Oral Sci. 2014;22(3):235-40.

Altamura S, Augello FR, Ortu E, Pietropaoli D, Cinque B, Giannoni M et al.
Efficacy of the Probiotic L. Brevis in counteracting the demineralizing process
of the tooth Enamel Surface: results from an in vitro study. Biomolecules.
2024;14(5).

World Medical A. World Medical Association Declaration of Helsinki:

ethical principles for medical research involving human subjects. JAMA.
2013,;310(20):2191-4.

Schulz KF, Altman DG, Moher D, Group C. CONSORT 2010 statement: updated
guidelines for reporting parallel group randomised trials. BMJ. 2010;340:c332.
Julious SA. Sample sizes for clinical trials with normal data. Stat Med.
2004,23(12):1921-86.

Pocock SJ. Clinical trials: a practical Approach. John Wiley & Sons Ltd.; 2013.
Ainamo J, Bay . Problems and proposals for recording gingivitis and plaque.
Int Dent J. 1975;25(4):229-35.

Silness J, Loe H. Periodontal Disease in pregnancy. li. Correlation between oral
Hygiene and Periodontal Condtion. Acta Odontol Scand. 1964;22:121-35.
Caton JG, Armitage G, Berglundh T, Chapple ILC, Jepsen S, Kornman KS, et al.
A new classification scheme for periodontal and peri-implant diseases and
conditions - introduction and key changes from the 1999 classification. J Clin
Periodontol. 2018;45(Suppl 20):51-8.

Ericsson Y. Clinical investigations of the salivary buffering action. Acta Odon-
tol Scand. 1959;17(2):131-65.

Western B. Concepts and suggestions for robust regression-analysis. Am J
Polit Sci. 1995;39(3):786-817.

Robust Statistics, Maronna RDM, Victor J, Yohai. Theory and methods (with R).
Ricardo A. Matias Salibidn-Barrera, editor: John Wiley & Sons Ltd; 2019.
Chopyk J, Bojanowski CM, Shin J, Moshensky A, Fuentes AL, Bonde SS, et al.
Compositional differences in the oral microbiome of E-cigarette users. Front
Microbiol. 2021;12:599664.

Thomas SC, Xu F, Pushalkar S, Lin Z, Thakor N, Vardhan M, et al. Elec-

tron Cigarette Use Promotes Unique Periodontal Microbiome mBio.
2022;13(1):¢0007522.

Liu J,Yue Q, Zhang S, Xu J, Jiang X, Su Q et al. A pilot study on oral microbi-
ome in electronic cigarettes consumers versus traditional cigarettes smokers.
Folia Microbiol (Praha). 2024.

Govindaraj SD, Jonathan M, Vasudevan SS. Kumaran, Jimsha Vannathan.
Changes in salivary Flow Rate, pH, and viscosity among Working men and
women. Dentistry Med Res. 2019;7(2):56-9.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

Page 15 of 16

Melo J, Coelho C, Nunes F, Heller D, Grisi DC, Guimaraes M, et al. A scoping
review on hyposalivation associated with systemic conditions: the role

of physical stimulation in the treatment approaches. BMC Oral Health.
2023,;23(1):505.

Carramolino-Cuellar E, Lauritano D, Silvestre FJ, Carinci F, Lucchese A, Silves-
tre-Rangil J. Salivary flow and xerostomia in patients with type 2 diabetes. J
Oral Pathol Med. 2018;47(5):526-30.

Martins VAO, Floriano TF, Leon EP., Villamarin LEB, Deveza GBH, Aikawa NE, et
al. Primary dental care treatment in primary Sjogren’s syndrome: a possible
role in improving salivary flow rate. Clin Exp Rheumatol. 2022;40(12):2258-67.
Castelli J, Thariat J, Benezery K, Hasbini A, Gery B, Berger A, et al. Weekly
Adaptive Radiotherapy vs Standard Intensity-Modulated Radiotherapy for
improving salivary function in patients with Head and Neck Cancer: a phase
3 Randomized Clinical Trial. JAMA Oncol. 2023;9(8):1056-64.

Dodds MW, Johnson DA, Yeh CK. Health benefits of saliva: a review. J Dent.
2005;33(3):223-33.

Shetty CHM, Devadiga D. Correlation between dental caries with salivary
flow, pH, and buffering capacity in adult south Indian population: an in -vivo
study. Int J Res Ayurveda Pharm 4:219-23.

Singh C, Doley S. Invitro evaluation of the Inhibitory Effect of Probiotic
Enriched and traditional yogurt extracts on Dental Enamel demineralization-
comparative study. Int J Oral Health Med Res. 2016;3(1):31-5.

Faraz A, Arathi R, Vishwas S, Srikanth N, Karuna YM, Suprabha BS. In vitro
evaluation of probiotic strains for lactic acid production. J Clin Exp Dent.
2019;11(4):e340-5.

Saha S, Chopra A, Kamath SU, Kashyap NN. Can acid produced from probiotic
bacteria alter the surface roughness, microhardness, and elemental composi-
tion of enamel? An in vitro study. Odontology. 2023;111(4):929-41.

Dipalma G, Inchingolo F, Patano A, Guglielmo M, Palumbo I, Campanelli M,
et al. Dental erosion and the role of saliva: a systematic review. Eur Rev Med
Pharmacol Sci. 2023;27(21):10651-60.

Boteon AP, Dos Santos NM, Lamana L, Rosa IMB, Di Leone CCL, Caracho RA,
et al. Erosion-inhibiting and enamel rehardening effects of different types of
saliva. Arch Oral Biol. 2023;154:105755.

Naing C, Mak JW. Salivary glucose in monitoring glycaemia in patients with
type 1 diabetes mellitus: a systematic review. J Diabetes Metab Disord.
2017;16:2.

Almusawi MA, Gosadi |, Abidia R, AlImasawi M, Khan HA. Potential risk factors
for dental caries in type 2 diabetic patients. Int J Dent Hyg. 2018;16(4):467-75.
Manjushree R, Anandakrishna L, Prasad Ks K, Shetty AK. Evaluation of Salivary
Components and Dental Plaque in Relation to Dental Caries Status in Type 1
diabetes Mellitus. Int J Clin Pediatr Dent. 2022;15(Suppl 2):5121-5.

Liang S, Gao D, Liu H, Wang C, Wen J. Metabolomic and proteomic analysis
of D-lactate-producing Lactobacillus delbrueckii under various fermentation
conditions. J Ind Microbiol Biotechnol. 2018;45(8):681-96.

Majbauddin A, Tanimura C, Aoto H, Otani S, Parrenas MCE, Kobayashi N,

et al. Association between dental caries indicators and serum glycated
hemoglobin-levels among patients with type 2 diabetes mellitus. J Oral Sci.
2019;61(2):335-42.

Haznedaroglu E, Polat E. Dental Caries, Dental Erosion and Periodontal
Disease in Children with Inflammatory Bowel Disease. Int J Med Sci.
2023,;20(5):682-8.

Morace C, Lorello G, Bellone F, Quartarone C, Ruggeri D, Giandalia A et al.
Ketoacidosis and SGLT2 inhibitors: a narrative review. Metabolites. 2024;14(5).
Remund B, Yilmaz B, Sokollik C. D-Lactate: implications for gastrointestinal
diseases. Child (Basel). 2023:10(6).

Wang JQ, Liu YM, Wang WR, Ma JJ, Zhang MM, Lu XY, et al. The rationale

and potential for using in the management of periodontitis. J Microbiol.
2022;60(4):355-63.

Homayouni Rad A, Pourjafar H, Mirzakhani E. A comprehensive review of
the application of probiotics and postbiotics in oral health. Front Cell Infect
Microbiol. 2023;13:1120995.

Tobita K, Watanabe I, Tomokiyo M, Saito M. Effects of heat-treated Lacto-
bacillus crispatus KT-11 strain consumption on improvement of oral cavity
environment: a randomised double-blind clinical trial. Benef Microbes.
2018;9(4):585-92.

Abe-Yutori M, Chikazawa T, Shibasaki K, Murakami S. Decreased expression
of E-cadherin by Porphyromonas gingivalis-lipopolysaccharide attenuates
epithelial barrier function. J Periodontal Res. 2017;52(1):42-50.

Yamada M, Takahashi N, Matsuda'Y, Sato K, Yokoji M, Sulijaya B, et al. A bacte-
rial metabolite ameliorates periodontal pathogen-induced gingival epithelial
barrier disruption via GPR40 signaling. Sci Rep. 2018;8(1):9008.



Altamura et al. Journal of Translational Medicine

86.

87.

88.

89.

(2025) 23:128

Mendi A, Aslim B. Antioxidant lactobacilli could protect gingival fibroblasts
against hydrogen peroxide: a preliminary in vitro study. Probiotics Antimicrob
Proteins. 2014;6(3-4):157-64.

Mahdhi A, Leban N, Chakroun I, Chaouch MA, Hafsa J, Fdhila K, et al. Extracel-
lular polysaccharide derived from potential probiotic strain with antioxidant
and antibacterial activities as a prebiotic agent to control pathogenic bacte-
rial biofilm formation. Microb Pathog. 2017;109:214-20.

Nart J, Jimenez-Garrido S, Ramirez-Sebastia A, Asto E, Buj D, Huedo P, et al.
Oral colonization by levilactobacillus brevis KABPTM-052 and lactiplantiba-
cillus plantarum KABPTM-051: a Randomized, Double-Blinded, placebo-
controlled trial (pilot study). J Clin Exp Dent. 2021;13(5):e433-9.

Han X, Ding S, MaY, Fang J, Jiang H, Li Y, et al. Lactobacillus plantarum

and Lactobacillus brevis alleviate intestinal inflammation and Microbial
Disorder Induced by ETEC in a murine model. Oxid Med Cell Longev.
2021;2021:6867962.

90.

91.

Page 16 of 16

Chen S,Han P, Zhang Q, Liu P, Liu J, Zhao L, et al. Lactobacillus brevis allevi-
ates the progress of hepatocellular carcinoma and type 2 diabetes in mice
model via interplay of gut microflora, bile acid and NOTCH 1 signaling. Front
Immunol. 2023;14:1179014.

Vesci L, Tundo G, Soldi S, Galletti S, Stoppoloni D, Bernardini R et al. A Novel
Lactobacillus brevis Fermented with a Vegetable Substrate (AL0035) Coun-
teracts TNBS-Induced Colitis by Modulating the Gut Microbiota Composition
and Intestinal Barrier. Nutrients. 2024:16(7).

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿﻿Levilactobacillus brevis﻿ CD2 as a multifaceted probiotic to preserve oral health: results of a double-blind, randomized, placebo-controlled trial in healthy adults
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Study design and ethical approval
	﻿Questionnaire and sampling criteria
	﻿Sample size calculation
	﻿Randomization procedures and interventions
	﻿Interventions
	﻿Saliva sample collection and flow rate measurements
	﻿Clinical evaluations
	﻿Estimation of pH and buffering capacity of saliva
	﻿Quantification of salivary biomarkers
	﻿Glucose
	﻿D-lactate assay
	﻿Secretory immunoglobulins a (sIgA)



	﻿Statistical analysis
	﻿Data preparation and descriptive statistics
	﻿Non-parametric testing
	﻿Alternative transformations and normality assessment
	﻿Robust regression analysis
	﻿Bootstrapping for confidence intervals
	﻿Software used

	﻿Results
	﻿Baseline characteristics
	﻿Effects of ﻿L. brevis﻿ CD2-containing lozenges on full-mouth BoP and PI scores.
	﻿Effects of ﻿L.﻿ ﻿brevis﻿ CD2-containing lozenges on salivation rate, pH, and buffering capacity of saliva
	﻿Effects of ﻿L. brevis﻿ CD2-containing lozenges on salivary biomarkers

	﻿Discussion
	﻿References


