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Introduction: In the current study, we evaluated the effectiveness of two ®ill-de ned
probiotic strains, Lactobacillus paracasei LPc-G110 (CCTCC M 2013691) and
Lactobacillus plantarum GOS42 (DSM 32131), during an experimental gingivitis
challenge. The primary objective was to evaluate clinicglthe effectiveness of lozenges
containing one of the two oral probiotic strains, compared \ith placebo lozenges, on
the gingival bleeding (bleeding on marginal probing; BOMPhange) after a two-week
experimental gingivitis period. The secondary objectivesvere to assess the effects
of the test products on gingival health (Modi ed Gingival ldex; MGI), dental plaque
accumulation and uorescence, and the dynamics of immunolgical and microbiological
aspects after the wash-in phase, followed by a two-week pead refraining from oral
hygiene and a two-week wash-out phase.

Methods: This single-center challenge intervention study was a trig-blind randomized
placebo-controlled clinical trial with three parallel gmaps. The full study population
consisted of 117 healthy 18-55 years old human volunteers. @jects were instructed
to use one lozenge, 3 times daily after each meal, containingither L. plantarum, L.
paracasei,or lozenges without probiotics (placebo group). After a 2-wek wash-in period,
the subjects were requested to refrain from any form of oralygiene for 2 weeks.

Results: There were no differences in the primary outcome (BOMP chamj among the
groups. However, gingival health (MGI) in individuals frothe groups exposed to the test
products recovered better from experimental gingivitis thn the individuals in the placebo
group (p D 0.021, one-way ANOVA). The two test products inhibited prdn ammatory
cytokine IL-1 production, measured in saliva, during the eperimental gingivitis period.
Both test strains signi cantly reduced bacterial DNA in togue samples andL. paracasei
strain showed stronger microbiome-modulating potential tan the L. plantarum strain.
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Conclusions: The two tested lozenges with thel. paracaseior L. plantarumstrains did
show potential for bene cial effects for the oral health oftie host during experimental
gingivitis to the oral ecosystem.

Keywords: probiotics, experimental gingivitis, saliva, de ntal plaque, tongue, Lactobacillus paracasei , Lactobacillus
plantarum

INTRODUCTION The hypothesis of our research was that introduction of the
test strains to the oral ecosystem would lead to reduced @sang
Probiotics in fermented dairy products, such as yogurt andjue to abstaining from oral hygiene (experimental ging#)iti
buttermilk, have been part of the human diet for centuries. InThe primary objective of this study was to evaluate the clinica
the past several decades, probiotics have been introducée to te ectiveness of two di erent lozenges containing one of the
market as food or dietary supplements and are often promoted ago oral probiotic strains, respectively, compared with placeb
an important part of nutrition-based health strategies [ lozenges, on gingival health after a two-week experimental
Probiotics have been used for the prevention and thgjingivitis period. The secondary objectives were to assess t
treatment of a wide range of diseases and they are considergtcts of the test products on dental plaque accumulation
to confer health benets to the host by bene cially aecting and uorescence, and the dynamics of immunological and
the host's microbial balance and in addition interactinge(ditly microbio|ogica| aspects after the wash-in phase' followe@ by

with the immune system, modulating its responseés B.  two-week period refraining from oral hygiene and a two-week
Moreover, many probiotics are generally recognized as saf@ash-out phase.

(GRAS organisms) taking into account that indeed, they have
been used in fermentation processes and have therefore be’WATERIALS AND METHODS
part of our daily nutrition for centuries. The specieactobacillus
plantarum and Lactobacillus paracaseised here, are deemed Study Settings and Approval
safe for human consumption as they comply with the (QPSJhe study was conducted at the dental clinics of the
status given by European Food Safety Authority (EFSA). Academic Center for Dentistry Amsterdam (ACTA),
In 1965, the study of Lde et al. introduced the so-calledhe Netherlands. ACTA is the joint faculty of dentistry
experimental gingivitis modéh order to assess oral clinical of the Vrije Universiteit Amsterdam and the University of
(resilience) parameters such as (the dynamics of) plaguemsterdam. The study protocol was approved by the ethics
formation, (the dynamics/onset of) in ammatory patternsida  committee of Slotervaartziekenhuis & Reade (METC nr. P1815;
changes in the oral microbiology]. Gingivitis is a reversible, CCMO research protocol nr. NL65326.048.18) and the internal
common, and relatively mild form of periodontal disease wher scienti ¢ research committee of ACTA and is registered in
the gums of the patientare in amed. Thisisre ected inirriian,  the Netherlands Trial Register under NL6951. The study was
redness, and swelling of the gums, which bleed more easijerformed in accordance with the ethical principles of th&'64
when touched. During Loe's experimental gingivitis, heglth WMA Declaration of Helsinki L3 in accordance with the Dutch
volunteers refrained from oral hygiene practices for 3 week®edical Research Involving Human Subjects Act (WMO) and in
invoking a general shift from health to a mild in ammatory agreement with the Good Clinical Practic&q guidelines. The
status. Moreover, poor oral hygiene did not result in long-GCP compliance and monitoring of the study were conducted by
lasting damage to the gingiva in healthy individuat$ gnd the  external study monitors from Profess Medical Consultancy BV
in ammatory status was shown to be reversible following thea|l study participants provided written informed consent begor
reintroduction of oral hygiene. Subsequently, severalaesers  participating in the study.
modi ed the model by reducing the duration to two weeks and
demonstrating the validity of the dat&{7]. Study Participants
A recent study used thexperimental gingivitis modein  In order to be eligible to participate in this study, a subject
evaluating an oral probiotic and showed that a probiotic yagurhad to meet all of the following criteria: systemically Hiepl
supplemented witlBi dobacterium animalihas a positive e ect (as assessed by a medical questionnaire); adult (18-55)year
on plague accumulation and gingival in ammatory parameterspossessing a minimum of 20 natural teeth with at least the
after refraining from oral hygiene practiceq [ rst or second molar present in each quadrant; having visited
In the current study, we evaluated the e ectiveness of twahe dentist for a regular check-up within the last year and
well-de ned probiotic strainsL. paracaseiLPc-G110 (CCTCC without any treatment(s) scheduled; and willing and able to
M 2013691) and.actobacillus plantarun0S42 (DSM 32131), give written informed consent and to comply to all study
in strengthening the oral ecosystem. These strains L. tselec procedures. Subjects were excluded if they did not meet
from a panel of probiotic strains as the rst-mentioned was mnos the inclusion criteria or if they were ACTA dental students
potent in reducing the proportions of several anaerobic generar ACTA employees. Further exclusion criteria includes the
in in vitro oral bio Ims [9, 1(] and the latter was most e ective following: if the subjects had participated in another clinical
in modulation the immune response in a model for gingivalstudy within the previous 30 days; had allergy/intolerarxéhe
immune reactions11, 17]. test or placebo products (ingredients), in particular lactosd an
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28 days of treatment

117 L. paracasei LPc-G110 (Group A)
healthy » R Placebo (Group B)
subjects

L. plantarum GQOS42 (Group C)

Visit No. 1 2 3 4 5 6
[ [ 1 1 1 ]
! L) ) L) I !
Days 0 7 17 21 28 42
Screening Wash-in period Wash-out period
(2 weeks) (2 weeks)

FIGURE 1 | Study outline. R — randomization.

milk proteins (allergens); were smokers (de nition of a non-or a placebo) — on day zero (visit 1) of the study, while
smoker:<1 cigarette every day for at least 1 year, includingontinuing their regular oral hygiene measurefigure 1,
e-cigarettes); were drug or alcohol abusers; were pregnant 8upplementary Figure L. After one (visit 2) and 2 weeks (visit
breastfeeding; had used antibiotics during the last 3 msnth 3), samples were collected for assessment of the dynamics of th
required antibiotic prophylaxis prior to dental treatment; ige biochemical, immunological and microbiological aspectshef
using anti-in ammatory drugs on a regular basis; had anyoral ecosystem and at the end of the wash-in period (visit 3)
systemic disease or compromised health condition, inclgdin— plaque and gingival health were assessed. After the wash-in
diabetes mellitus, bronchitis, tonsillitis or sinusitsgvere oral period, the experimental gingivitis period followed during iain
or pharyngeal infections, and disorders/disease resuitirggelf-  the subjects continued to use their assigned lozenges tinnes
induced) vomiting; reduced salivary ow due to pathologicaldaily. The subjects were requested to refrain from any fofm o
reasons (e.g., Sjogren syndrome); had adverse medicatyhist oral hygiene for 2 weeks. After one (visit 4) and 2 weeks (Vjsit 5
or long-term medication; were using prescribed medicatiorthe subjects visited the dental clinic for a research appointme
(except for contraceptives); were not willing not to consumeAfter the experimental gingivitis period, the subjects stopped
any other probiotic products during the study. Additionally, using the intervention (probiotic or placebo) and restartbeir
speci ¢ exclusion criteria based on their oral health wereoutine oral hygiene. After 2 weeks of this wash-out perida t
applied: dental pocket probing depth5mm with bleeding last research visit (visit 6) was scheduled for assessnigheo
on probing and attachment loss 2mm (Dutch Periodontal dental plaque and gingival health and for sample collection.
Screening Index score&z3 4); clearly in amed gingiva, presented ) )
as>40% BOP; overt dental caries; removable partial denturee@mple Size Calculation
or nightguard; oral and/or peri-oral piercings; apparent oralThe sample size was calculateriori with G Power [G Power
lesions (except small aphthous ulcers); orthodontic banding.1.9.2, Faul, Universitaet Kiel, Germanyg]. There is no
(except lingual retention wires); ongoing or planned eletiv literature available on the e ect of the specic probiotic test
dental treatment involving endodontic treatment and cromnd ~ strains on oral health using bleeding on marginal probing
bridge preparation. (BOMP) as the primary parameter. The sample size calculation
was therefore based on the estimation that the expected e ect
) will be between small and medium [Cohen d between 0.2 (small)
Study Design and 0.5 (medium) using parametric analysis of variance]esinc
This study was a single-center, challenge interventioipJetr  probiotics are not expected to have major e ects. Thus, the e ect
blind, parallel-group (three groups) randomized, and a placeb size was set at B 0.35. Thep-value was set at 5% (probability
controlled clinical trial with 117 healthy subjecigure 1). The  of a type | error, false-positive rate) and the power at 80%. This
subjects were randomly assigned to either one of the testogro resulted in a total sample size of 84. To account for potential
(Group A: L. paracaseiGroup C:L. plantarun) or the placebo dropouts during the study, 20% additional subjecis][were
group (Group B). added to the sample size calculations. In case non-parametric
The study comprised a screening visit and six study visitsesting becomes necessary, the sample size was increased by a
Before each study visit, subjects were instructed not tooeat additional 15% ]7]. This led to a nal sample size of 117 with 39
drink (with the exception of water) 2 h before the appointmentsubjects per group.
and to refrain from oral hygiene for 24 h (except for visits 4l&n
which are the experimental gingivitis period). Randomization, Blinding, and Interventions
The subjects started with the wash-in period of 2 week3he study subjects were allotted a unique subject identi er
— the intervention (the use of one of the two oral probioticsconsisting of 4 random numbers after the screening visifoke
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the start of the study, each subject identi er was linked teeo average RPF of the three images (front, left, and right) per vis
of the two test groups or the placebo group using computerwas calculated.
generated strati ed block randomization. Stimulated saliva samples were collected at each visit by
This study was triple blinded: the subject, the investigator chewing a gum base and drooling saliva into a sterile 50-ml
and the outcome assessors were blind to the treatment &lloca polypropylene tube (Sarstedt Ltd., Numbrecht, Germany) while
Randomization into three equal-sized groups was performetiolding it on ice for 5min. Right thereafter, the samples were
by a senior researcher not involved in the clinical part ofvortexed and aliquoted in two sterile 2-ml Eppendorf tubes,
the study. Random allocation of the three groups to one obne for microbial and the other for immunological analyses,
the two test lozenges or the control lozenge was provided bsnap-frozen in ethanol on dry ice, and stored &80 C.
the subsidizing party and was kept in a sealed le with the On visits 1, 3, 5, and 6, plague index was determined by
sponsor of the study. The treatment frequency, duration, an@ calibrated dental hygienist (Cronbach's alpha 0.844) at tw
amount of food ingredient (lozenges) were identical in hiiee  predetermined quadrants (eitherstland 39 or 2"d and 4N
groups: 1 lozenge 3 times daily (after each meal), for 4 weekguadrant) of the mouth. The choice of the quadrants was
The lozenges were distributed to subjects in blister packs preletermined by throwing a dice at the rst study visit. Sixesit
labelled with the subject identi er by the subsidizing parfshe  per tooth were scored in two quadrants: the disto-vestibular,
subjects were instructed to dissolve the lozenges in thetimoumid-vestibular, mesio-vestibular, disto-lingual, midgjual, and
without chewing or swallowing and refrain from oral hygienethe mesio-lingual sites from 0 (no plaque), 1 (a thin Im of
and from rinsing their mouth for the rst 30 min after using plaque which cannot be seen with the naked eye, but assessed by
the lozenge. using a probe), 2 (moderate plague accumulation) to 3 (abuhdan
The test products contained microcrystalline celluloseaccumulation of plague) according to the study conducted
mannitol, silicon dioxide, crosslinked polyvinylpyrrolidone by Silness and Loe2(]. Plague index (Pl) was calculated
carbomer, sodium stearyl fumarate, avor, acrylates copelym per participant: the assessed scores per site were totaled and
and freeze-dried.. paracaseiLPc- G110 [CCTCC M 2013691, divided by the number of sites assessed. P1% was calcubated b
BioGrowing Co., Ltd., Lactobacillus paracasei LPc-Gll@ichotomized use of plaque scores as in absence or presence
(CCTCC M 2013691), Qingpu Industrial Zone Shanghaipf plaque. Plaque scores 1-2-3 were recoded into score 1, and
P.R. China], orL. plantarum GOS42 [DSM 32131; Probi the total number of sites with score 1 was divided by the total
AB, Lactobacillus plantarum GOS42 (DSM 32131), Ideomumber of sites assessed and then multiplied by 100 to create a
Gamma 1, Lund, Sweden]. In the placebo lozenges, the upercentage score.
of a dye (Symcolor Eisenoxidgelb E172; Symrise AG PN Thereatfter, at each study visit, a tongue swab and supragihgi
656835) was used to match the color of the test lozengeslaque were collected for microbiological analyses as ithestr
The test lozenges contained the probiotics in the followingoreviously P1]. In brief, the tongue sample was collected by
dosages: 17.6% d&f paracase(LPc-G110) corresponding to striking four strikes with a sterile microbrush (Microbrush
35.2mg LPc-G110 per lozenge, at least 1 X @BU/lozenge, International, Grafton, USA) over the dorsum of the tongue in
or 10.1% ofLactobacillus plantaruniGOS42) corresponding to a longitudinal direction. The tip of the brush with the sample
20.2mg GOS42 per lozenge, at least 5 ® OFU/lozenge. was cut into a sterile Eppendorf vial. A supragingival plaque
The lozenges were stored at 2€8 and tracked under sample was collected from buccal surfaces of the rst and the
temperature control (2-8) during the shipment to the second upper molars, contralateral to the quadrant where @aqu
study site. score was determined, using a sterile plastic spatula (Keveia
Upon arrival at ACTA, the blister packs containing the test andBioggio, Switzerland). The sample was scraped into the lid of a
placebo lozenges were stored at Z=&intil distribution to the  sterile Eppendorf vial, the vial closed and centrifuged for & mi
participants. The participants were asked to store the lozeagesat 14,000 rpm. Both samples were put on ice for a maximum of

room temperature. 2h and stored at 80 C until further processing for 16S rDNA
) o amplicon sequencing.
Procedures During the Study Visits On visits 1 and 3, an additional supragingival plaque sample

A schematic overview of the study procedures during the studwas collected in the same way as above but from the lingual
visits is presented irBupplementary Figure 1 At each study surfaces of the lower rstand second molars, for extraoratjple
visit, rst, three uorescence and white light photographsnee pH measurements. The sample was immediately transported to
taken to assess the red uorescence of plaques (RER)LE]. the laboratory and processed at room temperature by vortexing
This was done on the vestibular aspects of the front anavith 50mL of sterile saline and determining pH using a calibrated
lateral teeth using a Canon 450-D SLR camera equipped withpH electrode (Sentron, Leek, the Netherlands).

Biluminator tube (QLF-D system, Inspektor Research Systems Atvisits 1, 3, 5, and 6, the Modi ed Gingival Index (MGI3§]

BV, Amsterdam, the Netherlands) and cheek retractors (ifenrand the BOMP 3 24] were measured. MGl is recognized as a
Schein, Gillingham, UK)via image capture software on the non-invasive index for the measurement of absence or presenc
PC (C3 1.25 Inspektor Research Systems BV, Amsterdam, th& color change in the gingivae and assesses the extent and
Netherlands). The percentage of RFP coverage was calculasserity of the in ammatory change (based on color, texture
using dedicated RFP analysis software (QA2, v1.27, Inspekteolume, and extent) visually. The MGI index is scored using an
Research Systems BV., Amsterdam, the Netherlands), and tbelinal ve-point scale (0—4), which represents a ranking @rd
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from the absence of any visible sign of in ammation (Score O)solations, repeated control isolations (aliquoted stiatat saliva
to mild (Score 1), moderate (Score 2), and severe in amnmatiofrom a co-worker, isolated with each DNA isolation batch),
(Score 3) or severe in ammation with spontaneous bleedingpegative PCR blanks, a known mock community sample (positive
congestion, or ulceration (Score 4). This score was givéwin control; BEI resources, cat. HM-782 of genomic DNA from
preselected quadrants to six gingival areas per tooth: the-dis 20 bacterial isolates) and Run to Run controls (three samples
vestibular, mid-vestibular, mesio-vestibular, distegiual, mid- from the rst batch of isolated samples). All designated colst
lingual, and mesio-lingual sites. The MGI index and MGI% werewvere included in the nal amplicon mixes and sequenced.
calculated according to the same procedure as described fBor each sample type, the samples were divided over two
plague. For BOMP, a bleeding score was given in the same twoal amplicon mixes and run on the lllumina Miseq platform
preselected quadrants to six gingival areas of the toothifdex  (the MiSeq platform is of Illumina (R) Inc., San Diego, CA,
has a three-point scale (0—2) to describe the bleeding tezydem  USA: https://emea.illumina.com/systems/sequencing-platfsr
the buccal or lingual aspects of each tooth (0 — no bleeding; 1 miseq.html) in 6 sequencing runs.
pin-prick bleeding; 2 — excessive bleeding). The BOMP score and For plaque analysis, the vials were thawed, and the plague
BOMP% were calculated according to the same procedure as feas resuspended with 150 of sterile Tris-EDTA bu er (TE
plague and MGI. bu er) and transferred to an assigned well in a 1.1 ml deep-
At visit 2, the current and past dental caries experiencevell plate. For stimulated saliva, the vials were thawed and
was assessed as several decayed, missing, or lled surfacedexed extensively and 150 of saliva was transferred to an
(DMFS), according to the WHO criteria2fy] on all teeth but assigned well. For tongue coating, the vials were thawedrend

third molars. microbrushes were transferred to an assigned well, usingester
forceps, then 15@1 of TE bu er was added to pick up possible
Product Tolerance leftovers. After resuspending the possible contents, thel ui

At visits 2, 3, 4, and 5 the subjects were asked to rate theivas transferred to the same well as the microbrush. The 1.1 ml
experience regarding the lozenges, at a scale between 0 (veeep well plate (Axygen Scientic Inc., CA, USA), contained

unpleasant) and 10 (very pleasant). 250m 0.1-mm Zirconia beads, 2081 of phenol (Rotiphenol,
) Carl Roth GMBH&Co. KG, Karlsruhe, Germany), and 20D
Compliance of lysis bu er (MagMini DNA isolation kit, LGC Genomics Ltd,

Compliance was de ned as % compliari2énumber of lozenges Middlesex, UK). The deep well plate was sealed and subjected
taken / number of lozenges supposed to have been taked)%, to 4 times 2min of bead-beating in a Mini-BeadBeater-96
based on the number of the returned lozenges and the number @BjoSpec Products, Bartlesville, OK, USA). DNA was extracted

expected lozenges to be taken. and puri ed using the MagMini DNA Isolation Kit (MagMini
DNA isolation kit, LGC Genomics Ltd, Middlesex, UK).

Sample Processing and Analyses Bacterial DNA concentration was determined by quantitativ

In ammatory Markers in Saliva PCR, with universal primers specic to the bacterial 16S

The pro-in ammatory cytokines interleukin 1 R (IL49) and rRNA gene (forward: TCCTACGGGAGGCAGCAGT; reverse:
prostaglandin 2 (PGE2) were selected to be measured in t§@GACTACCAGGGTATCTAATCCTGTT; probe: 6FAM-
clinical samples based on previous studies where the perialontCGTATTACCGCGGCTGCTGGCAC-BHQ1PH using E. coli
disease was associated with a raise of IL-1R and PGE2 [K12 DNA for standard curves.

27]. Concentrations of IL-b and PGE2 in saliva samples were Sample DNA was diluted to 200 pgl with PCR-grade
determined by enzyme immunoassay for IL-1R (#DY201, Rang@ater and the V4 hypervariable region of the 16S rRNA gene
3.9-250 pg/ml; Bio Techne/R&D Systems; Minneapolis, USAyas ampli ed using 1 ng DNA with inM of each primer and
and for PGE2 (#514010, Range: 7.8-1,000 pg/ml; Caymadf) ampli cation cycles 9. PCR products were subjected to
Michigan, USA) respectively, according to the manufacturerdMPure XP (Agencourt AMPure xP, Beckman Coulter, Nyon,
instructions. Saliva samples were thawed, centrifuged foin5 Switzerland) clean-up to remove primers dimers and were
at 13,400 rpm, and the supernatant either diluted 1/5 (PGE2) cassessed for bands with agarose gel electrophoresis. Samples
1/10 (IL-1 R) with the respective assay bu er. The assays wewgth no clear reason for failing PCR were redone. The PCR
performed in duplicate with all samples per individual subjett o yield was determined with picogreen uorescent dye (QUANT-
a single ELISA plate. In order to monitor inter-assay vatiigbi T, Invitrogen; Thermo Fisher Scientic Inc., Landsmeehet
and repeatability, an internal control standard containipgliva Netherlands) and samples were equimolarly pooled with 200 ng
of employers of VivaCell was established and run on each samglNA per sample. For samples with low yield and blanks, a xed

carrier as sextuplicate. amount of mL product was added. Paired-end sequencing (2
251 nucleotides) of the DNA was conducted on the Illumina

Bacterial DNA Isolation, Quanti cation, and MiSeq platform at the AUMC Cancer Center Amsterdam

Sequencing (Amsterdam, the Netherlands). The ow cell was loaded with 12

Plaque, tongue and saliva samples were subjected to DN#nol DNA including 25% PhiX.

isolation in batches of 84 samples per sample type with all

samples of each subject included in the same batch. Sevekxtermination of the Fungal DNA Concentration

types of controls were included at critical steps in the procesSoncentration of fungal DNA in plaque was determined
to trace possible inter-batch and intra-sample variationankl on DNA isolated from dental plaque as described above
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with  RT-PCR using primers for the fungal 28S rRNA family of Lactobacillaceaas indicated below (Deposit; GenBank
gene (forward: GCATATCAATAAGCGGAGGAAAAG; accession numbers or NCBI Nucleotide database in parerghiese
reverse: TTAGCTTTAGATGATTTACCACC; probe: Aerococcaceg@ax-ID: 186827):Abiotrophia defectivdATCC
CGGCGAGTGAAGCGGSAARAGCTC) 3(]. The fungal 49176, ACINO3000005.1 (Region 146250-148778lpcoccus
load was calculated relative to the bacterial (16S rRNA generistensenii[DSM 15819, NZ_CP014159 (Region 238537-
DNA amount per sample. 241445)]Aerococcus sanguinicPzSM 15633, NZ_CP014160.1
(Region 192032-194939)]Polosicoccus paucivorandSM
. . . . 15742, FNEL01000099.Backlamia miroungaéATCC BAA-
Species-Speci ¢ Quanti cation of the Test 466, FNCK01000021.1)gnavigranium ruo ae (DSM 15695
Strains by qPCR FOENO01000030.1arnobacteriacea@axonomy ID: 186828):
The bacterial strains used for qPCR quanti cation in thisAlkalibacterium gilvum (DSM 25751, FNYW01000080.1),
study wereLactobacillus paracassilbsp.paracaseDSM 5622, Atopostipes suicloacali§DSM 15692, FQUF01000049.1),
Lactobacillus plantarurdSM 20174, an®ediococcus acidilactici Carnobacteriuminhibens ssp. Gilichinskstrain  WN1359T
DSM20284 (negative control) obtained from the GermanDSM27470T, NC_022606.1 (Region 463871-4667D8Femzia
Collection of Microorganisms and Cell Cultures GmbH (DSMZ,incerta(DSM 20581, FOXW01000018.Gyanulicatella adiacens
Braunschweig, Germany). gPCR of these species was perform{&BEM 9848, ACKZ01000001.13obaculum meli€DSM 13760,
to verify that these probiotic strains were present in the sasipleFOHA01000042.1) Marinilactibacillus psychrotoleranDSM
and to determine their quantity. 19582, FMDZ0100041.1)Enterococcacea¢Taxonomy ID:
For the creation of standard curves, the two types 0B1852): Enterococcus cecorustrain SA3 [NZ_CP010064.1
strains of Lactobacillus paracassubsp.paracaseDSM 5622 (Region 1391193-1394107)Melisococcus plutoniufATCC
and Lactobacillus plantarunDbSM 20174 were inoculated from 35311, NC_015516.1 (Region 1405070-1407978)], Vagococcus
cryotubes by thawing the tubes at &for 5 min and transferring sp. AM17-17 (QRJY01000033.1actobacillaceaéTaxonomy
1 ml culture to 19 ml of sterile, pre-warmed MRS broth mediumID: 33958): Lactobacillus delbrueckii ssp. Bulgari¢a3CC
(Oxoid, Basingstoke, UK). Cells were cultured overnight afi1842, NC_008054.1 (Region 691149-694099¢tobacillus
37 C with agitation at 100 rpm under aerobic conditions. DNA paracasei ssp. ParacasgDSM 5622, NZ_AP012541.1
was extracted from these overnight cultures using the Mag (Region 799668-802587)]Lactobacillus plantarum (DSM
Mini Kit (LGC Biosearch Technologies Ltd., UK) following the 20174, BALV01000030,1)Lactobacillus fermentum[DSM
manufacturer's protocol with the following deviations: 1wl 20052, ACGI010000131.1 (Region 131-304@{ctobacillus
overnight culture was centrifuged at 14,00@, the supernatant salivarius[DSM 20555, ACGT01000024.1 (Region 139-3052)],
was discarded, and the pellet was resuspended inr06f Lactobacillus crispatu$ST1 [NC_014106.1 (Region 429915-
50 mM EDTA, and the nal elution step, using 254 of elution = 432826)], Lactobacillus gassefDSM 20243, NC_008530.1
bu er. After 3 min of separation via magnetic force, 20Dwere  (Region 1576872-1579779)l,actobacillus rhamnosufDSM
transferred to a fresh microcentrifuge tube. 14870, NC_CP006804.1 (Region 643619-646538tpbacillus
Quality control was performed by agarose-gel electrophsresireuteri [DSM 20016, NC_009513.1 (Region 179497-182423)],
Purity was assessed based on its absorbance and elucidatRediococcus acidilacti@@®SM 20284, NZ_CP015206.1 (Region
of gDNA concentrations. Measurement of absorption ratios633234-636160)],Leuconostocacea@axonomy ID: 81850):
(A260nmfA280nm and  ApgonnfA230nm) Was performed with  Fructobacillus durioni$DSM 19113, FOLI01000015.1 (Region
BioDrop DuoC photometer (Biochrom Ltd., UK). 203-3110)]0enococcus kitahargpSM 17330, NZ_CM001398
Measurement of gDNA concentration was performed usingRegion 1065792-1068681)Jeuconostoc citreufiDSM 5577,
Invitrogen Quant-iT™ dsDNA Assay Kit on a FLUOstar NC _010471.1 (Region 434873-437792)Neissella bombi
Omega (BMG Labtech, Ortenberg, Germany) following thdDSM 28794, partial: FMAO010000003.1 (Region 129210-
manufacturer's protocol. A new standard curve was prepared fat29516)], Streptococcaced&€axonomy ID: 1300):Lactococcus
each determination. chungangensi$DSM 22330, FPKS01000037.8Btreptococcus
Primers and probes specic fokL. paracasefollowed the mutans[DSM 20523, NZ_1L.S483349.1 (Region 415939-418843)],
design described by Byun et &1] with a single deviation in the Streptococcus ratt{DSM 20564, AJTZ01000001.1 (Region
reverse primer selecting a cytosine nucleotide as pyrimidase 176-3076)]; Others (Outgroup)Tannerella forsythia92A2
(Supplementary Table 1. Oligonucleotides for speci c detection [CP003191.1 (Region 686088-688916)Forphyromonas
of L. paracaseitarget variable regions V1 and V2 of 16Sgingivalis [DSM 20709, NC_010729.1 (Region 479572-
rRNA gene. 482470)], andFilifactor alocis[ATCC 35896, NC_016630.1
Primers and probes speci c fdr. plantarumwere constructed (Region 716154-719059)].
to target at domain Il in the 23S rRNA gene. In brief, primers  Binding sequences, amplicon sizes, and melting temperatures
were designed by pairwise alignment using CLC sequen@ge shown inSupplementary Table 1 Each probe displays 5'
viewer 8 (Qiagen, Hilden, Germany) with standard parameter6AM uorescence (uorescein) accompanied by a black hole
(Gap open cost 10, Gap extension cost 1, End gap cost: @sencher (BHQ-1) at 3' prime.
any other, Alignment: very accurate) in a rst step for non-  Speci city of primers/probes was veri ed kg silicoanalysis
homologous sequences in the orderlafctobacillale$ollowed  using NCBI Basic Local Alignment Search Tools (Taxonomy: 1D
by a second manual selection of suitable sequences witlein t186826, Database: representative genomes) as welirasgibp
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analysis against type strains of di erent genera belonginthéo and positive control samples (DNA df. paracaseLPc-G110
order of Lactobacillales or DNA of L. plantarumGOS 42), and a non-template control
For assessment of bacterial quantity in clinical samplesyith PCR grade water instead of DNRIlates were centrifuged at
calibration curves are based on type straingaracasesubsp. 2,000 g for 2 min before performing gPCR analysis.
paracaseiDSM 5622 andL. plantarum DSM 20174 were ) )
constructed. Standard curves were serially 10-fold diluge to ~ Sequencing Data Processing
6 dilution steps displaying a range of 51(° target copies to 5 All paired-end reads were processed together. The processing
target copies per reaction. was described in detail in a previous stu®?|[ Below, all steps
Prior experiments assured a good correlation for readout ofire summarized. First, the paired-end reads were merged and
gPCR results and bacterial numbers based on colony-forminguality- Itered using USEARCHZ3, 34]. Next, the merged reads
units (data not shown). Based on the DNA concentration anel th were error-corrected using UNOISE3Y], and the (quality-
genome size of the type strains, the target gene copy number péered) sequences were mapped to the centroids produced by
reaction was calculated accordingly and corrected by theaspe UNOISE3 to construct a zOTU table. Taxonomic names were
number, i.e., the number of gene copy numbers per genom@ssigned to the most abundant sequence of each zOTU using the
This provided an estimation of bacterial load based on geromihuman oral microbiome database HOMD version 14.5d [The
equivalents and allowed for linear regression based gnalues taxonomic assignments were carried out using QIIME versién 1.
of samples: [37] and the RDP classi er3g (min. con dence 0.8). Since the
use of a region-speci ¢ taxonomic database improves taxonomi
assignmentsdo, 40, the HOMD 16rRNA RefSeq alignment was

Target copy number per reactidd CgDNA NAn rst trimmed to the V4 region. Then, the V4-speci ¢ alignment
N Abp 1(?59J was converted to a set of non-redundant sequences which was
used to retrain the RDP classi er. The nal zOTU table, incing
Cgpna D Concentration of gDNA [ngil ] the taxonomic assignments, was subsampled at 8,000 reads per
Na D Avogadro's number 6,02210%3 molecules/ mole sample to allow comparisons among samples with dierent
N D Genome size [bp] sequencing depths.

App D Average mass of 1 basepair ds DNA [660g / mole of bp]. .
All clinical samples were run on a Roche LightCyaterigo Study Endpoints
System (Roche, Basel, Switzerland) and the LightCpcké80 The Main Study Endpoint
software release 1.5.1.62 (Roche, Basel, Switzerland)theith - The change in gingival bleeding on marginal probing
matching master mix (Light Cyclet 480 Probes Master, (1 BOMP index) between the end of the experimental
#04902343001, Roche, Basel, Switzerland) and PCR grade wategingivitis period (V5) and the baseline visit (V1). The BOMP
Cycling conditions for the quanti cation of the investiganal index accounts for the severity of the in ammation.
product were applied as follows: initial pre-incubation at @5
for 10 min (ramp speed 4.£/s) followed by 45 cycles with a

sequence of 9§ 15s (ramp speed 4.@/s), 63C for 60s (ramp - 1€ change in the severity of gingival bleeding (BOMP)
speed 2.X/s) and a nal cooling step of 4@ for 10s (ramp between the end of the wash-in period (V3) and the baseline
speed 1.5C/s). visit (V1), and between the end of the wash-out period (V6)

and V1.
- The change in the percentage of the bleeding index indicates
the change in the prevalence of gingival in ammation: (A)
between the end of the wash-in period (V3) and the baseline
(V1); (B) between the end of the experimental gingivitis perio
(V5) and V1 and (C) between the end of the wash-out period
(V6) and V1.
The changes in the concentration of in ammatory markers
PGE2 and IL1-R in saliva: (A) between the end of the wash-in
period (V3) and the baseline (V1); (B) between the end of the
experimental gingivitis period (V5) and V1; and (C) between
the end of the wash-out period (V6) and V1.
Changes in bacterial concentration, bacterial proles and
diversity, and in fungal abundance between V1 and V2, V1 and
V3, V1and V4, V1and V5, and V1 and V6.

Secondary Study Endpoints

The total reaction volume was 20 with 2 mL of sample
or DNA-standard as a template. Far plantarum,the following
concentrations of primers were used: 800 nM forward primer
(Lplan-F), 800 nM reverse primer (Lplan-R), and 200 nM probe
(Lplan-P). ForL. paracaseithe following concentrations of
primers were used: 700 nM forward primer (Lpara-F), 700 nM
reverse primer (Lpara-R), and 200nM probe (Lpara-P). All
working steps have been performed with DNA-free, DNase-
free, RNase-free, pyrogen-free, PCR-inhibitor-free, aratilst
pipette tips.

Lactobacillus paracaseand L. plantarum gPCR was
performed on the samples of all participants from three
dierent sites (plaque, dorsum of the tongue, and saliva)
collected at visits 1, 3, 5, and 6. All samples were pipetted as
technical duplicates in 96-well gPCR plates (VWR, Darmstadt,
Germany) and covered with gPCR Optical Seals (Eurogente&
Seraing, Belgium). Each reaction plate carried a full rang
of samples collected per subject from a single sampling site,
accumulating up to 8 subjects per plate. Each plate containe€the change in the severity of the in ammatiorl MGI) was
standard, negative (DNA dfediococcus acidilactiogbM 20284), assessed: (A) between the end of the wash-in period (V3) and th

ther Study Endpoints
Changes in the MG:
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baseline (V1); (B) between the end of the experimental gitigiv - Plaque index:

period (V5) and V1; and (C) between the end of the V\/aSh_OmI'he subject had brushed his/her teeth less than 16h ago.

period (V6) and V1. a‘|’he respective values were regarded as invalid and were

The change in the percentage of the sites with gingiv .
in ammation, 1 MGI%, was assessed: (A) between the end of th%xcluded from the per-protocol (PP) analyses for the respective

wash-in period (V3) and the baseline (V1); (B) between theand secondary/additional outcome.
the experimental gingivitis period (V5) and V1; and (C) betwee

the end of the wash-out period (V6) and V1. Statistical MthOdS ]
) Statistical analysis was performed blind to the test and ptaceb
2. Change inthe PI: group allocation, after the data review and assessmentajsis

The change in the abundancé PI) of the dental plaque was populations. The_ statistical analysi'_s, _plan was _rfaviewed and
assessed: (A) between the end of the wash-in period (V3) and ti@PProved by an mdepend(.ant sta.tlstluan (C. Baljé, AUTHOR!
baseline (V1); (B) between the end of the experimental gitigiv et al. BV, The Netherlands; https://www.author.nl/). The safe

period (V5) and V1 and (C) between the end of the wash-oughalysis (SA) population was used for the safety analysis. The
period (V6) and V1. PP population was used for the e cacy analysis. All primary

The change in the percentage of the sites with dental plaquénd secondary outcomes were compared among the three study
1PI%, was assessed: (A) between the end of the wash3FPUPS: The_ normality of the_da_ta was tested using the Shaplro-
period (V3) and the baseline (V1): (B) between the end of th¥Vilk test. With normal data distribution and equal homogeneit
experimental gingivitis period (V5) and V1; and (C) betweea th ©f variances (Levene's test of variance), the one-way AN®&

end of the wash-out period (V6) and V1. used, followed by Tukegost-hodest. If data normality. was pot
_ con rmed, data were log-transformed and the normality aysaé
3. Change inthe RFP: repeated. In case of a signi cant outcome, the Kruskall-Wallis

The change in the average coverage percentage of red uotescéeSt was used witipost-hoaviann-Whitney U tests to identify

dental plaque I RFP%) was calculated between V1 and V2, y{he di erences. The-values were corrected for multiplicity using
and V3. V1 and V4. V1 and V5. and V1 and V6. a False Discovery Rate (FDR) correction. Categorical lagab

(e.g., toothbrush type, tongue brushing habit) were compared
4. Change in the resting pH of the supragingival plaque betweesmong the groups using Chi-square tests.

visits 1 and 3. Next to the primary and secondary analyses, ancillary angslyse
o were performed to assess changes in various output variables
Protocol Deviations in time, within each group. For this, the General Linear Model
The following were pre-de ned amajor protocol deviations Repeated Measures test, followed by Paired santyiest, was

- The subject brushed teeth during the experimentalperformed in cases with normal data distribution, while the
gingivitis period Friedman test, followed by Wilcoxon Signed Ranks test, was

- The subject did not brush the teeth during the wash-in period perfgrmed with qot normally distributed data. No cqrrectiomsf
- The subject used probiotic products other than themul'uple comparisons were performed on the obtairpdalues.
investigational product Principal component analysis (PCA) was performed on

- The subjects missed visit(s). s_ub_sar_nplgd an_d Iog-2 transformed microbial pro le (_Jlata. The
- Poor compliance: subject did not use the study product for a?'m",a”tY n mlcrqume pro les was gssessed using Bray-
least 80% of the expected use. Curtis similarity ghstapce. Alpha diversity was .assessedgu5|
the Shannon Diversity Index and species richness (nr of
The following protocol deviationsminor for the primary zOTUs/sample). All analyses above were performed using PAST
outcome, were considered detrimental for the followingsoftware version 3.184[]. Dierences in microbial pro les
secondary and additional outcomes: among the sample groups (beta diversity) were assessed with
one-way permutational multivariate ANOVA (PERMANOVA)
using the Bray-Curtis similarity measure. For comparisons of
The subject had food or drink intake (other than water) lessmicrobiome pro les of related samples, PERMANOVA with
than 2 h ago. restricted permutations by the individual subjects was prenfed.
The subject had brushed his/her teeth less than 16 h ago. Al PERMANOVA analyses were performed using adonis2 (R
version 3.6.1 ¢7]). P-values were corrected for multiple testing
using FDR correction.

- Plaque pH:

- RFP images of dental plaque:

The subject had brushed his/her teeth less than 16 h ago.
Measurements potentially disturbing dental plaque (e.g

plaque sampling, BOMP) had been performed before thBESULTS
RFP images were taken. The Screening and Disposition of Subjects
- Plaque microbiological composition: The screening of potential subjects was executed between

] . April 18 and May 9, 2018. In total, 187 potential subjects were
The subject had brushed his/her teeth less than 16 h ago. screened using a questionnaire. Among them, 54 (28.9%) were
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First screening
[ Enrollment J (questionnaire)
N =187 .
Exclusion after
first screening
N =54
Second screening
(oral examination)
N =133
Exclusion after
second screening
N=14
Eligible for
inclusion
N =119
p Subjects
. randomized
\ Allocation J N =117
] ]
Group A Group B Group C
FA, N =39 FA, N =39 FA, N =39
ITT/SA ITT/SA ITT/SA
N =37 N =36 N =38
PP PP PP
N =35 N =35 N = 37
FIGURE 2 | CONSORT- ow chart showing the disposition of subjects. FA, Ell Analysis population; ITT, Intention to Treat populatiol8A, Safety Analysis population;
PP, Per Protocol population. Group Alactobacillus paracaseiLPc-G110 containing lozenges, Group B: placebo lozenges, @®up C: Lactobacillus plantarumGOS42
containing lozenges.

excluded due to various reasonsSupplementary Table?  did not provide a reason for withdrawal, while one subject
The remaining 133 potential subjects received a clinicaleported pregnancy (exclusion criterium), one had to conénu
examination, of which 119 were found eligible to participatethe use of the orthodontic night guard and did not meet
in the study @Gupplementary Table® Two included the inclusion criteria anymore, while two subjects did not
participants were regarded as a backup if there would battend all scheduled visits anymore due to changes in their
unexpected dropouts before the randomization of the studyrivate situation.

subjects, which was not the case, and were thus excluded Among the 111 subjects, four cases of major protocol
from the study, resulting in the required 117 participantsdeviations were observed during the study, leading to
(Figure 2. 107 subjects in the per-protocol (PP) analysis set. Two of
the four individuals stopped participating in the study for
personal reasons after 1 and 2 weeks, respectively, while two
individuals misunderstood the study protocol and abstained
from toothbrushing before the actual experimental gingsvit
phase started.

Protocol Deviations

The full analysis (FA) set included 117 subjects, while th
intention to treat (ITT)/SA set contained 111 subjects. @ét
six study dropouts, two subjects did attend the rst visit and
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In total, 89 minor protocol deviations were observed duringTABLE 1 | Baseline characteristics of the study subjects [safety arlsis (SA)/
the study Supplementary Table # The majority of the minor  intention to treat (ITT) population].
deviations (72 of 89) accounted for missed intake of the

lozenge(s). Group B had the highest number of reports of mlisse ((3,\1032% ((3,\50522) ((3,\50;‘)3;
intake (34 reports), while groups A and C had 17 and 21 reports,
respectively. Treatment group C had a higher frequency ofender Male 11 (30%) 11 (31%) 13 (34%)
minor protocol deviationsf D 5), which had consequences for Female 26 (70%) 25 (69%) 25 (66%)
secondary output parameters (plaque pH, plaque compositiorf\ge (vears)  Mean (SD) 26.5(7.9) 48074  258(80
and/or red plaque uorescence) than groups A or B D 1 Median (Range) 24 (18-50)  24(18-53) 23 (18-51)
for each) MRS M o) 506y s760) 4300
. Median (Range) 2 (0-28) (0-26) 0.5 (0-27)
Treatment Compliance Right 30 (81%) 30 (83%) 35 (92%)
The study visits comprised the period between May 16th an@rushing hand Left 7 (19%) 5 (14%) 3 (8%)
June 29th, 2018. At the end of the study, subjects were asked Both 0 1(3%) 0
to return the unused lozenges. The compliance was calculatéepthbrush  Manual 16 (43%) 18 (50%) 21 (55%)
as a proportion of the lozenges taken based on the number of Electric 14 (38%) 8 (22%) 14 (37%)
the returned lozenges over the estimated number of the lgesn Both 7.(19%) 10 (28%) 3 (8%)
to be taken. To allow for unintentional loss of lozenges, enor Tethbrushing - Once 7 (19%) 5 (14%) 7 (18%)
lozenges were dispensed than required for the study duratioff"es/4® mf‘foﬂen 22 gf/;’;") 32 g;’;") 31 (32%)
to the participants. Averag_e compliance in the PP populati_on i'hegmar tongue No 27 (73%) 18 (50%) 23 (61%)
group A was 98%38D5.5), in group B was 999%5D5.4), and in  prusher Yes 10 (27%) 18 (50%) 15 (39%)
group C was 101%8D9), where one individual did not return wouthrinse use No 35 (95%) 32 (89%) 35 (92%)
any lozenges, resulting in a 135% compliance. (before study) Yes 2 (5%) 4 (11%) 3 (8%)
BOMP Mean (SD) 0.3(0.2) 0.3(0.2) 0.4 (0.2)
Adverse Events P D 0.05 95%_C| 0.2-0.3 0.2-0.4 0.3-0.4
In total, 41 adverse events (AEs) were reported during theystu (Friedman test) Median (Range) 0.2 (0.1-0.7) 0.3 (0.1-0.9) 0.4 (0.1-0.9)
(Supplementary Table k Of thes_e, 34 were reported as m_iIo_I, 7— g/l;znc(ISD) 1122? 212521) 222523)
as moderate, and none — as serious adverse events. At \asits 1 Median (Range) 17 (4-49) 19 (7-49) 26 (5-58)
6 there were no AEs reported. All 41 AEs were registered fromge 2 Mean (SD) 170 (147) 119 (71) 230 (258)
visit 2 until visit 5, thus during the exposure to the study pumds. 95% Cl 121-219 95-143 145-315
Among the 41 AEs, 18 were classi ed as possibly related to the Median (Range) 116 (13-585) 100 (25-337) 121 (2-1243)
treatment. The majority of these were aphthae (11 events in ‘9! Mean (SD) 227 (212) 225(184) 235 (167)
individuals) or sensitive teeth (6 events in 3 individuaggnsitive ;seﬁi;: (Range) 151753;_21%878) 2356 3(::?1) 2128?3_12_?12)
tge_th were observed_excluswe_ly !n_group_B and were repott_ed Aol Mean (SD) 0.4(0.3) 0.4(0.2) 05 (0.3)
visits 4 and 5 (experimental gingivitis period). Most complaints 95% ClI 0.3-0.5 0.3-0.5 0.4-0.6
of aphthae were reported in groups A and C. In group A, aphthae Median (Range) 0.4 (0.02-1.4) 0.3 (0.1-0.9) 0.4 (0.1-1.4)
were reported at visits 3, 4, and 5, in group B — at visit 5, and imGI% Mean (SD) 33(19) 30 (14) 36 (19)
group C — at visits 2 and 5. A single event of stomach cramps was 95% Cl 26-39 26-35 30-42
reported in group C at visit 4. Median (Range) 31 (2-85) 28 (7-58) 34 (6-88)
Mean (SD) 0.5 (0.3) 0.5(0.2) 0.5 (0.2)
95% Cl 0.4-0.6 0.5-0.6 0.4-0.6
Product Tolerance Median (Range) 0.5(0.1-0.9) 0.5 (0.1-1) 0.5 (0.1-0.9)
At each visit that fell within or followed the intervention ped, Mean (SD) 44 (20) 48 (17) 45 (18)
the subjects were asked to rate their experience regardiag th 95% Cl 38-51 43-54 39-51
lozenges, on a scale ranging from O (very unpleasant) to 10 Median (Range) 45 (5-79) 49 (5-81)  48(6-73)
(very pleasant). In all groups, the lozenges were well tolérateRFP Mean (SD) 0.9(1.2) 0.7 (0.8) 1(1.3)
with a few exceptions in the rst study weeks in group B 95% CI 0.5-1.3 0.4-1 0.6-1.4
Median (Range) 0.3 (0-4) 0.4 (0-4) 0.3 (0-6)
(Supplementary Table b
Mean (SD) 6.5 (0.4) 6.5 (0.5) 6.4 (0.5)

. 95% Cl 6.3-6.6 6.4-6.7 6.2-6.5
Baseline Data Median (Range) 6.5 (5.5-7.1) 6.6 (5.2-7.4) 6.3 (5.3-7.4)
Baseline characteristics of the study subjects in the IAT/Spjyersity index Mean (SD) 3.7 (0.5) 3.7 (0.5) 3.6 (0.5)
population o D 111) are shown inTable 1 Both age and plague sample 95% CI 35-3.9 35-3.9 3.4-3.8
DMFS were not normally distributedp(< 0.05, Shapiro-Wilk Median (Range) 3.8(2.3-4.5)  3.8(2-4.7) 3.7(2.2-4.7)
test) and were therefore tested non-parametrically. Theegeew Diversity Index Mean (SD) 3.9(0.3) 4(03) 4(033)
no signi cant di erences found among the groups by age andsvasample 95% Cl 3.6-4 8.9-4.1 3.9-4.1

Median (Range) 4 (3.1-4.4) 4 (3.3-4.4) 4 (3.1-4.5)

DMFS (> 0.05, Kruskal-Wallis test), nor by other parameters
determined at baseline: gender, preferred brushing hand, th (Continued)
type of toothbrush used, the toothbrushing frequency, tomgu
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TABLE 1 | Continued

TABLE 2 | Primary and secondary study outcomes in per-protocol (PP)

population.
Group A Group B Group C
(N D 37) (N D 36) (N D 38) Output Group (N) Mean (SD) 95% ClI Median
(range)
Diversity Index Mean (SD) 3.7 (0.3) 3.7 (0.3) 3.7 (0.3)
tongue sample 95% CI 3.6-3.8 3.6-3.8 3.6-3.8 1BOMP V5Vl A (35) 0.67 (0.29) 0.57-0.77  0.70 (0.1-1.2)
. Median (Range) 3.7 (3-4.3) 3.8(3.1-4.3) 3.8(2.6-4.2) B (35) 0.67 (0.41) 0.53-0.80  0.67 (0.1-1.5)
Eactgnal DNA Mean (SD) 9.6 (7.0) 10.4 (9.4) 8.3 (5.8) c @7 0.65 (0.33) 054-076  0.62 (0.2-1.2)
in saliva sample95% CI 6.5-12.6 7.1-13.6 6.4-10.2
(ng/mL) Median (Range) 6.5 (2-26) 6.4 (0.7-37) 6.3 (1.8-25) 1BOMP V3Vl  A(35) 0.14 (0.16) 0.09-0.20 . 5_246
Bacterial DNA Mean (SD) 5.8(5.4) 5.2 (5.8) 45(3.7) ( 0.1-0.6)
in tongue 95% ClI 35-8.1 3.2-7.2 3.3-5.8 B (35) 0.13(0.19) 0.06-0.20 0.12
sample Median (Range) 3.9 (1.1-25) 3.7 (0.7-29) 3.4 (1-22) ( 0.2-0.8)
(ng/mL) Cc(37) 0.13 (0.18) 0.07-0.19 0.12
Bacterial DNA Mean (SD) 6.0 (3.6) 5.4 (3.9) 53(3.7) ( 0.2-0.6)
in plaque 95% Cl Median ~ 4.4-7.5 4.1-6.7 41-65 1BOMP V6V1 A (35) 0.13 (0.15) 0.08-0.18 0.12
sample (Range) 6.5 (1.2-13)  5.1(0.01-16) 4.2 (0.03-19) ( 0.1-0.5)
(ng/mL) B (35) 0.17 (0.23) 0.09-0.25 0.10
Fungal DNA in Mean (SD) 3.0 (13.5) 28 (141.5) 15.5 (68) ( 0.2-0.8)
plague sample 95%.CI 1.6-7.7 20-77 7-38 c@n 0.15 (0.20) 0.08-0.22 0.08
(pg/mL) Median (Range) 0.03 0.04 0.06 ( 0.1-0.9)
(0.0008-80)  (0.0008-835) (0.0008-398)
, 1BOMP% V5V1 A (35) 38 (13) 32-43 39 (2-66)
Fungal load in Mean (SD 0.04 (0.14) 0.4 (1.6) 0.5(2)
plague sample ) 95% Cl 0.007-0.09 0.2-0.9 0.2-1.2 B (39) 38 (21) 30-45 41 (1-78)
(%) Median (Range)  0.0005 0.0007 0.0007 C(37) 36 (18) 30-42 37 (6-66)
(0.00002-0.8)  (0.00002-9.4) (0.00001-9.6) 1 BOMP% V3Vl A (35) 9 (11) 6-13 11 (8-35)
L. paracasei Mean (SD) 7.2 (29) 6.2 (27) 19 (89) B (35) 9 (12) 5-13 10 (11-39)
(gen. units) 95% ClI 2.7-17 2.8-15 11-49 ~ -~
in saliva Median (Range) 0.4 (0-173) 0.08 (0-159) 0.3 (0-543) cEn 8D 41 7(13-29)
0, — .
L. paracasei  Mean (SD) 0.1(0.5) 0.2 (0.8) 0.5 (1.5) 1BOMP% V6V1 A (35) 7(10) 4-10 7(7-82)
(gen. unitshi) 95% ClI 0.04-0.3 0.1-0.4 0.01-1.1 B (35) 10 (13) 5-14 6 (11-43)
intongueP D Median (Range) 0 (0-2.7) 0 (0-5) 0 (0-9) C (37) 7(11) 3-11 8 (12-42)
0.02 (Friedman 1PGE2V3VL  A(35) 27 (79) 54-0.4 11
test) ( 298-117)
L. paracgsei Mean (SD) 0.1 (0.4) 0.04 (0.1) 0.2 (0.5) B (35) 64 (344) 54-182 2
(gen. unitsh) 95% ClI 0.002-0.3 0.004-0.09  0.01-0.3 ( 190-1976)
in plaque Median (Range) 0 (0-1.9) 0 (0-0.6) 0(0-2.3)
C (@37 37 (424) 105-178 7
L. plantarum  Mean (SD) 22.8 (98) 3(13) 11 (64.5) ( 1150-2148)
(gen. unitshnl) 95% CI 11-56 1.4-7.7 10-33
in saliva Median (Range) O (0-552) 0 (0-78) 0 (0-393) 1PGE2VAVL  A(35) 28 (344) 90-146 14
L. plantarum  Mean (SD) 0.4 (1.6) 0.4 (1.8) 0.08 (0.3) (1 291-1948)
(gen. unitsiL) 95% CI 0.15-0.9 0.2-1 0.025-0.19 B (35) 40 (96) 6.7-73  28(111-351)
in tongue Median (Range) 0 (0-8) 0 (0-10) 0 (0-1.5) C (37) 31 (268) 120-59 4
L. plantarum  Mean (SD) 0.2 (1) 0.03(0.2) 0.5 (2.8) ( 1081-701)
(gen. unitsinL) 95% ClI 0.14-0.5 0.03-0.1 0.5-1.4 1 PGE2 V5V1 A (35) 1.3 (114) 40-38 6
in plaque Median (Range) 0 (0-5.6) 0(0-1.2) 0 (0-17) ( 211-473)
B (35) 42 (121) 0.1-83 8.8
. ) ( 281-330)
brushmg' habit, or the use of mouthvygsh before the stualy ( c@) 3.2 (246) 85-79 27
0.05, Chi-square test). Among the clinical parameters eheas ( 1132-613)
a borderline di erence found in BOMP among the study groups: pee2vevi A (35) 23 (197) 91-45 20
(p D 0.05, Kruskal-Wallis test), while for the microbiological ( 367-952)
parameters a signi cant di erence was found among the study B (35) 32 (123) 10-74  6( 181-470)
groups inL. paracasagenomic units in the tongue samplgsD c@37) 19 (252) 103-65 5( 1008-727)
0.02, Kruskal-Wallis test): samples from group B had siggmity 111 vavi A (35) 15 (176) 75-46 24
lessL. paracasdihan samples from group Ap(D 0.033, Mann- (1 684-433)
Whitney test, FDR corrected) or group @ D 0.0167). B (35) 62 (280) 34-158 50
( 602-1209)
Prlmary Study Outcome C (37) 46 (169) 10-103 27 ( 244-448)
The main study endpoint was the change in gingival bleeding 't V4Vl A(35) 0.4 (147) 51-50  14( 407-471)
on marginal probing { BOMP index) between the end of the B (35) 106 (220) 81-182 70
experimental gingivitis period (V5) and the baseline visitL{V (1184-1011)
For group C,1BOMP V5V1 was not normally distributed (Continued)

Frontiers in Oral Health | www.frontiersin.org 11

March 2022 | Volume 3 | Article 825017


https://www.frontiersin.org/journals/oral-health
https://www.frontiersin.org
https://www.frontiersin.org/journals/oral-health#articles

Volgenant et al.

Probiotics and Oral Ecosystem

TABLE 2 | Continued

TABLE 2 | Continued

Output Group (N) Mean (SD) 95% ClI Median Output Group (N) Mean (SD) 95% CI Median
(range) (range)
Cc@7) 58 (224) 17-132 38 ( 377-744)  1RFP% V2Vl A (34) 0.03(0.7) 0.2-03  0.03( 2-3)
11L1 V5V1 A (35) 20 (178) 41-81  0( 704-336) B (34) 0.2 (0.6) 0.03-0.4 0.03( 0.7-2)
B (35) 92 (164) 35-148 55 (178-512) C(33) 0.05 (1.5) 0.5-0.6  0.004 ( 4-5)
C(37) 78 (231) 15-155 59 (486-719) 1RFP% V3Vl A (34) 0.3 (0.4) 0.4- 01  0.1( 1-0.3)
11L1 VeVl A (35) 3.7 (161) 59-52 11 B (34) 0.1(0.7) 0.4-0.1 0.01 ( 3-1)
( 438-479) C(33) 0.1(0.7) 0.2-0.3 0.02 ( 1-3)
B (35) 27 (129) 17-71  38( 459-282)  1RFP%VAV1 A (34) 1.6 (1.4) 1.1-2.1 1.4 (0.1-5)
c@n) 51(253) 34-135 22 B (34) 1.8 (1.9) 1.1-2.4 1.1 (0.5-8)
( 538-818)- C (33) 1.8 (2.2) 1.1-2.6 0.7 (0.4-8)
1MGIVaVL A9 0.01(02) 0.06-0.09 ( 0%0_10. 5) 1RFP% V5Vl A (34) 3.2(3.8) 1.9-45 2 (0.1-20)
B (35) 0.1(0.3) 0.004-0.2 0.01 B4 3(36) 19-44  18(0.2-17)
( 0.03-0.9) C(33) 3.5 (4.6) 1.9-5 2.3(0.5-22)
37 0.1(0.3) 003-02 01( 04-0.7) LRFP%VEVL A (34) 0.1 (1.1) 0.4-0.3  0.001( 3-3)
1MGIVEVL  A(35) 0.8(0.2) 07-09  08(0.3-1.3) B (34) 01(.1) 03-05  0.005( 3-3)
B (35) 0.8(0.3) 07-09  0.7(0.4-15) C(@3) 03(1.8) 04-09  0.01( 2-8)
c @) 0.8(0.3) 07-0.9 0.8(0.3-14) 1pHV3VL A (34) 0.4 (0.6) 0.6- 0.2 0.4
1 MGI VeV1 A (35) 0.1(0.3) 0.01-0.2 0.1( 0.8-0.6) (1.3-13)
PD 0024 B (33) 0.1 (0.6) 0.3-0.1 0.1( 1-1)
(Friedman Test) C (35) 0.2 (0.7) 0.4-0.1 0.3
B (35) 0.3(0.3) 0.2-0.4  0.3(0.5-0.9) (17-12)
c @7 0.1(0.2) 01-02 01(04-06) LlDivplague  A(35) 0.2 (0.3) 0.03-0.3  0.1(0.6-0.9)
1MGI% V3V1 A (35) 2.4 (16) 3-8 3.6 ( 31-40) vavi
B (35) 720) 0114 1.2 (25-54) B (34) 0.2 (0.5) 0.1-0.4  0.2(0.7-1.5)
c @) 6(20) 0.6.13 8 ( 31-58) . C (36) 0.1(0.5) 0.1-0.2 0.2( 0.7-1.5)
IMGI%VEVL A (35) 55 (16) 4960 55 (14-62) \1/ ;3\./\/1 plaque A (35) 0.1 (0.4) 0.04-03 0.2 ( 1.2-1)
B (35) 55 (14) 51-60 56 (27-83) B (34) 03 (06) 0.1-04 03 (1-14)
cEn 56 (18) 50-62 56 (12-86) C (37) 0.2 (0.4) 0.1-04  0.2(0.8-1.1)
1MGI% VEVL A (35) 113 3.5-19 10 (32-63) 1Divplaque A (34) 0.8 (0.5) 0.6-0.9 0.7 (0.2-1.5)
B (35) 23 (23) 15-31 24 (139-70) Vavi
c@37) 16 (18) 9.5-22 18 (25-51) B (34) 0.7 (0.6) 0.5-0.9 0.6 (0.1-3)
1PIVaVl A (34) 0.03(0.2) 0.05-0.1 0.02 c@7) 0.7 (0.7) 0.5-1 0.8(1.3-2)
(06-05) 1Divplaque A (35) 0.7 (0.5) 05-0.9 0.6 (0.5-1.8)
B (35) 0.04 (0.2) 0.02-0.1 0.02 VEV1
(04-05) B (34) 0.8 (0.6) 0.5-1 0.7 (0.2-2.4)
C (35) 0.08 (0.2) 0.02-0.2 ( 0.?1?(;3.6) c @36) 08 (0.6) 0.6-1 08 (1.4-2)
1PIVEVL A (34) 11(0.2) 1-1.2 1(0.5-1.6) tgxplaque A9 0105 01-03  01(1-D
B (35) 1103 1-1.2 1(05-19) B (34) 0.1 (0.6) 0.1-0.3  0.1( 1.5-1.3)
€69 103 0.8-11 103-2) C (35) 0.1(0.6) 01-03  0.2( 1.5-1)
1pPIvevl ABY 0.2(0.3) 01-02 0100506 by qaivavavi A (35) 0.1(0.3) 0.03-02 0.1( 0.8-0.7)
B (35) 0.1(0.2) 0.1-0.2  0.2(0.4-0.6) B (34) 003 (0.3) 01-01 0.03
C (35) 0.2 (0.3) 0.1-0.3 0.2 (0.5-1) ( 0.4-0.8)
1PI% V3V1 A (34) 5.5 (19) 1.1-12 6.6 ( 45-53) c @7 0.1(0.2) 0.02-01 0.1( 0.6-0.7)
B (35) 5.9 (16) 05-11 6 (25-50) 1 Div saliva V3V1 A (34) 0.1(0.2) 0.01-0.2 0.1 0.4-0.4)
C (35) 10 (16) 4-15 11 (30-39) B (35) 0.1(0.3) 0.1-0.1 0.01
1PI% V5V1 A (34) 49 (20) 42-55 48 (10-93) ( 0.8-0.6)
B (35) 47 (18) 41-53 45 (19-93) C (36) 0.04 (0.3) 0.1-0.1  0.1( 0.4-0.8)
C (35) 48 (16) 43-54 48 (18-81) 1 Div saliva V4V1 A (35) 0.3(0.3) 0.2-04  0.30.3-1.1)
1PI% V6V1 A (34) 13 (21) 6-20 14 (43-52) B (35) 0.2 (0.3) 0.1-0.3  0.2(0.4-0.9)
B (35) 11 (19) 5-18 13 (32-54) C((37) 0.2 (0.3) 0.1-0.3 0.2 (0.5-1)
C (35) 19 (24) 11-27 19 (42-71) 1 Div Saliva V5V1 A (35) 0.3(0.3) 0.2-04  0.30.3-0.9)
(Continued) (Continued)
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TABLE 2 | Continued

TABLE 2 | Continued

Output Group (N) Mean (SD) 95% ClI Median Output Group (N) Mean (SD) 95% CI Median
(range) (range)
B (35) 0.3(0.3) 02-0.4  0.3(0.6-0.8) 1Bacterial DNA A (35) 1.6 (3.2) 0.5-2.7 0.4 (3-8.5)
C(37) 0.3(0.2) 0.2-0.4  0.3(0.2-0.8)  Plaque v2v1
1 Div saliva V6V1 A (35) 0.1(0.3) 0.1-0.2  0.03( 0.6-1) B (35) 11(44) 05-26  1.1( 11-11)
B (35) 0.1(0.2) 0.02-0.1 0.1 (0.4-0.5) C (37) 0.6 (3.9) 0.7-2 1.1( 8.5-9)
C (37) 0.02 (0.3) 0.1-0.1 0.03 1 Bacterial DNA A (35) 0.9 (3.9) 0.5-2.2 0.25 ( 4-11)
( 0.5-0.7) plaque V3V1
1Divtongue A (34) 0.03 (0.3) 0.1-0.1 0.1 B (39 1(4.6) 06-26  09( 11-14)
vavi ( 0.7-0.6) C(37) 0.3 (3.9) 1-1.6 0.1( 12-7)
B (33) 0.1(0.3) 0.2-0.1 0.1 1 Bacterial DNA A (35) 3.5(6.1) 1.4-56 1.6 (8-18)
( 0.8-0.5) plague V4V1
C (36) 0.1(0.3) 0.2-0.02 0.1 B (35) 5(8.7) 2-8 3(7.6-36)
(1 0.6-0.4) c @37 3.1(5.7) 12-5 2.4 (10-15)
1Divtongue A (34) 0.003 (0.4) 01-01 0.02 1 Bacterial DNA A (35) 16 (6.1) 05-37  0.4( 9-15)
Vavi ( 1-0.7) plague V5V1
B (35) 0.03 (0.3) 0.1-0.1 0.03 B (35) 3.8 (7.6) 12-64  1.4(10-20)
(07-08) c@37) 32(7.2) 0.8-5.6 1.4 (9-22)
(@9 0.01(0.3) 0.1-0.1 ( 005020 6 1 Bacterial DNA A (35) 0.1 (4) 1.3-1.5 0.5( 9-9)
) e plaque V6V1
\1/‘11)\;\;tongue A (34) 0.05 (0.3) 0.1-0.1 ( 0060::) . B (35) 05 (36) 0718 02( 7-11)
B (35) 002 (0.3) 0101 0.03 c@37) 0.4 (4.1) 1.8-1 0.4 ( 12-10)
( 0.5-0.5) 1 Bacterial DNA A (35) 2(2.6) 29- 11 1.6
t vavi 10-3.8
c@7) 0.1(0.3) 01-02 002( 1-0.8)  °"9ue ( )
1Divtongue A (32) 0.1(0.4) 0.04-0.2 0.04 B (39) 18(4.7) 34- 01 12( 20-6)
VEV1 ( 0.6-0.8) c(37) 1.2 (2) 1.9- 05  13( 8-3)
( 0.6-0.5) tongue V3V1
C (36) 0.1(0.4) 0.03-0.2 0.1( 0.6-1.2) B (35) 1.4 (4.4) 29-01  1.2( 15-11)
1Divtongue A (33) 0.03(0.3) 01-0.1 0.001( 0.5-1) SACH 0.9(3.9) 22-04 1( 6-18)
VeVl 1 Bacterial DNA A (35) 2.6 (2.8) 35- 16 1.8
B (35) 0.05 (0.3) 005-01 0.1( 0.6-05)  tongueVaviPD ( 12-0.5)
c@37) 0.02 (0.3) 0.1-0.1 0.03 gg:’;" (Friedman
( 0.7-0.5)
B (35 1.3 (3.7 26— 0004 08( 14-5
1 Bacterial DNA A (35) 0.7 (4.8) 2.3-1 1.1( 11-12) (39) @7 ( )
saliva V2V1 c(37) 1.5 (2.8) 24- 06  0.9( 11-3)
B (35) 2(6.2) 4-0.01 0.9 ( 21-7) 1 Bacterial DNA A (35) 2.8(2.8) 3.7- 18 2.3( 9-1.9)
V5V1
c@7) 1(5.2) 0827 01( 924y  ONOUeVS
B 15 (3.7 27- 02  1.1( 13-
1 Bacterial DNA A (35) 0.01 (5.7) 1.9-2 0.8 ( 9-20) (39) 5@ 0 (13-9)
saliva V3V1 c(37) 2.2(2.9) 32- 13  1.8( 14-3)
B (35) 0.0002 (6) 22 0.2( 15-16) 1 Bacterial DNA A (35) 1.9 (3.2) 3- 08 1.7 ( 9-7)
V6Vl
c@7) 2.5 (8.6) 04-54 08( 935  °ongueVe
B 1.6 (4.2 — 0.14 5( 16—
1 Bacterial DNA A (35) 0.7 (5.9) 28-13  1.2( 12-16) (39) 6(4.2) =0 0.5( 16-3)
saliva VAV1 c@37) 1.8 (3.9) 31- 05  1.7( 17-7)
B (35) 0.5 (5.6) 14-24  05( 14-12) 1Fungal DNA A (35) 9.7 (30.5) 0.8-20.2 0.03( 6-142)
plaque V2V1
C@37) 1.6 (8) 11-43  18( 16-27) D004
1 Bacterial DNA A (35) 0.5 (4.4) 1-2 03( 9-11)  (Friedman test)
saliva VSV1 B (35) 3.7 (77.7) 3023 0( 419-131)
B (35 0.7(6) 28-13 0.4( 14-9) C (37) 14.5 (149) 35-64 0 ( 307-840)
cEn 0.8(7.5) L.7-33 0.9( 14-34) 1Fungal DNA A (35) 7.3(31) 3.2-18  0.02( 6-176)
1 Bacterial DNA A (35) 0.5 (6.3) 17-26  04( 12-21)  plague vavi
saliva V6V1 PD 0.04
B (35) 1.5 (6) 3.6-0.6 0.2 ( 16-8) (Friedman Test)
C@37) 3.1(9.4) 0.02-6.3 1.4( 17-27) B (35) 16.6 (44) 1.5-32 0.03
( 0.8-207)
(Continued)
(Continued)
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TABLE 2 | Continued signi cantly larger change in MGI than group Ap(D 0.0167,
Mann-Whitney test, FDR corrected). In other words, gindiva

Output Group (N) Mean (SD) 9% cl M(f gf;e) in ammation of the subjects in group B had recovered lessrfro
the experimental gingivitis after the recovery phase (visth@h
C@37) 6 (79) 3220 0( 377-256) inthe subjects in group A. No signi cant di erences were falin
1Fungal DNA A (35) 9.4 (53) 8.9-28 0.04 in group C.
plague V4V1 ( 70-300) Signi cant di erence among the groups was also observed
B (35) 14 (132) 59-31  0( 750-182)  in the change of bacterial DNA concentration in the tongue
c@ 22 (108) 14-58 0.006 samples between visits 1 and14 Bacterial DNA tongue V4V1)

( 91-538) (p D 0.036, Kruskal-Wallis test)Table 2. Group A showed a
Lfungal DNA A (35) 11114 6-38  0(7827)  gignicantly larger reduction in bacterial DNA concentiah
plague VSV than group B p D 0.0167, Mann-Whitney test, FDR corrected).

B (35) 35 (337) 80-151 0( 746-1823) 2 L
c@n 13 (56) 3157  0( 320.67) A S|m|_lar trend was observed petween visits 1 .an.d 15 (
Bacterial DNA tongue V5V1), just above the signicance
1fungal DNA A (35) 6 (35) 6-18) 0.0007 . o ;
plaque V6V1 ( 19-205) threshold p D 0.059). This means that individuals in group A
B (35) 44 (222) 32-120 0( 105-1256) accumulated signi cantly fewer bacteria on their tonguesidg
c @7 11 (59) 31-86 0.009 the experimental gingivitis period.

( 332-70) Fungal DNA concentration was measured in dental plaque
1fungalload A (35) 0.2 (0.5) 0.03-0.3 0.0005 samples only. Here the signicant increase in fungal DNA
plague V2V1 ( 0.8-2.9) concentration was observed between V1 and ¥2\42V1) in

B (35) 0.07 (0.5) 0.1-0.2  0( 1.9-1.8) group A samples in comparison to group @ D 0.04 Kruskal-

€ @7 0.7 (3.8) 0.6-2 0( 6.6-18) Wallis testp D 0.0167 Mann-Whitney test, FDR corrected) and
lfungalload A (35) 0.4 (14) 0.12-0.9 0.0002 between V1 and V3 in group B compared to group C samples
E)'aDq;eOfVl (08-6) (p D 0.042 Kruskal-Wallis tesp D 0.0167 Mann-Whitney test,
(Friedman test) FDR corrected). There was a signi cantincrease in fungad I8

B (35) 0.3(0.8) 02-05 0.0009 fungal DNA over bacterial DNA) between V1 and VBID 0.04,

( 0.1-4) Kruskal-Wallis test) in group A and group C compared to group

C(37) 0.4 (2) 1-0.35) 0( 9-4) B samples, though this signi cance was lost after FDR corractio
1Fungalload A (35) 0.2 (0.9) 0.1-0.5 0.0002 for multiple comparisonsTable 2.
plague V4V1 ( 0.7-5) To assess if the treatments induced signi cant di erences

B (35) 0.2 (1) 0.5-0.2 0( 6-0.5) among the three groups in the microbiome of salivary, plaque,

Cc@7 0.2 (1.6) 0.4-0.7 0( 4.6-8) and tongue samples, PERMANOVA on microbial pro le data
1Fungal load A (35) 0.0007(0.2) ~ 0.05-0.05 0( 0.7-04)  was performed. No signi cant di erences among the groups at
plaque VSV1 any of the sample types and any of the study visits were observed,

B (35 0.012) 0.6-0.7 (0‘302)1 although a nearly signi canp-value ¢ D 0.07,F D 1.28) was

c @ 04(18) 102 0.0001 obtained among the t.hree groups of saliva samples, colletted a

( 8-0.04) V4 (Supplementary Figure 2
1Fungalload A (35) 0.2 (1) 0.2-05  0( 0.3-6) .
plague V6V1 Ancillary Analyses

B (35) 1.4 (8) 1.4-4.2 0( 2-48) Additional to the outcomes reported above, all variablesewer
C@37) 0.6 (4.6) 1-2 0.0002 assessed in time within each group. As expected, gingivalihipe

( 7-26) (BOMP, %BOMP), gingival in ammation (MGI, %MGl), plaque
index (PI, %PI) Figure 3), Supplementary Figure 3, and red
uorescing plague (YoRFP}Hgure 4A) all signi cantly increased
during the experimental gingivitis phase and decreased in the
(p D 0.026). After ngl_O tr_ansformation all three groups Showe‘i‘ecovery phase, irrespective of the study group. Among the
not normal data distribution (A:;p D 0.002; Bp D 0.015; C: parameters above, only RPF% returned to the baseline values
p D 0.008). Therefore, the di erences among the groups Wergfer the recovery phase. Plaque prevalence (PI%) increased
tested non-parametrically, on untransformed data. There m@  gjgnj cantly during the wash-in period in groups B © 0.039,

di erence found in thel BOMP between the visits 5 and 1 amongyiicoxon Signed Ranks Test) and £ 0.02), while this did not

the study groupsg{D 0.905, Kruskal-Wallis testyéble 2. occur in group A. Additionally, in group A, %RFP signi cantly
decreasedg(D 0.006, Wilcoxon Signed Ranks Test) in the wash-
Secondary and Other Study Outcomes in phase between the baseline (V1) and the V3 2 weeks latex. Thi

Among the secondary study outcomes, a signi cant di erencewas not observed in the other two groups.

was found among the study groups in the change of Modied At two study visits, which were V1 and V3, plague pH was
Gingival Index (MGI) between visits 1 and 8 MGl V6V1) measuredex vivg in order to assess the e ects of the wash-
(p D 0.024, Kruskal-Wallis test)Téble 2. Group B showed a in phase on the resting plaque pH. In group A, there was a
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FIGURE 3 | Clinical ndings per study group and visit:(A) prevalence of
bleeding on marginal probing (BOMP%)(B) prevalence of gingival

in ammation (MGI%);(C) prevalence of dental plaque (P1%) as a percentage o
all sites at the baseline (V1), end of the wash-in period (V&nd of the
experimental gingivitis period (V5) and end of the wash-oygeriod (V6); and
(D) pH of the dental plaque at the baseline visit (V1) and at the @rof the
wash-in period (V3). The connectors connect the visits thadiffered

signi cantly (P < 0.05, Wilcoxon Signed Ranks test) from the baseline visit.
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FIGURE 4 | Results of the additional measurements per group and visi{A)
prevalence of red uorescing plaque (RFP%)(B) concentration of
prostaglandin E2 (PGE2) andC) concentration of interleukin-1 (IL-1) in
saliva. The connectors connect the visits that differed sig cantly (P < 0.05,
Wilcoxon Signed Ranks test) from the baseline visit.

signi cant decrease in plaque pH after the wash-in phgas® (
0.001, Paired Samplégest), while no signi cant changes were
measured in groups B and Eigure 3D).

Among the two immunological parameters, namely PGE2
and IL1-3, that were measured in saliva sampkegures 4B,3,
PGE2 did not change at any time in any of the groups, while
IL1-3 signi cantly increased during the experimental givigjs
phase only in the group Boc 0.0001, Friedman Test).gost-hoc
analysis revealed that IL1-B increased in saliva of the iddaits
from group B already after the rst week of experimental
gingivitis (V4) (o D 0.003, Wilcoxon Signed Ranks Test)
and remained signi cantly higher after the second week (V5)
(pD 0.038).

Bacterial DNA concentration was measured using gPCR
targeting the 16S rRNA gene. In plaque, bacterial DNA
concentration signi cantly changed in the time between tists
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B 10T o o e - . targeting the fgngal 28S rRNA gene in plaque sampleg In time,
= E'T_[Ié é é I:;r] é é é é é é é IJ,:I é only samples in group A showed a signi cant change in fungal
(I el =R == RS = S i DNA (p D 0.001, Friedman testPost-ho@nalyses revealed that
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FIGURE 5 | Bacterial DNA (16S rDNA) per group and per visit i(A) dental Ranks TeSt)’ V1, and V$)@ 0'041)’ and V1 and V4XD 0'033)

plaque, (B) salivary and(C) tongue samples. The connectors connect the (Figure 6) Fungal load also Changed Signi Camly in group p‘ (
visits that differed signi cantly P < 0.05, Wilcoxon Signed Ranks test) from D 0.003) and was due to a signi cant increase in fungal load
the baseline visit. between V1 and V2D 0.002).

To assess the presence of the test product in the samples,
we performed targeted qPCR of the two lactobacilli species
— Lactobacillus plantarumand Lactobacillus paracasé the
in group B (p < 0.0001, Friedman Test) and in group @ ( samples collected at V1, V3, V5, and V6 and we assessed the
< 0.0001), while no signi cant change was observed in grougequencing reads classi ed to genuactobacillusn all study
A (p D 0.057).Post-hocanalyses revealed that bacterial DNAVvisits. For the latter, across all sample types, there wer®2ZUg
signi cantly increased at V4 and V5 in groups B 0.001 ang  classi ed as genukactobacillugSupplementary Table . The
0.009) and Cgg D 0.002 ang D 0.029) during the experimental majority (73%) of the lactobacilli reads originated fromigal
gingivitis period Figure 5A). In saliva, no signi cant changes in samples, followed by the tongue (22%) and plaque (5%). The
bacterial DNA in time were observeg & 0.05, Friedman test, distribution of the top 8 most abundant lactobacilli zOTUssv
Figure 5B), while in tongue samples, groups A and C changedimilar in saliva and tongue samples —zOTU#143 and zOTU#262
signi cantly (p < 0.0001). In these samples, bacterial DNAtogether accounted for about 90% of the lactobacilli re#als.
signi cantly decreased from baseline visit (V1) to the tdime  plaque, 44% of the lactobacilli reads belonged to the sum of
points including the wash-out visit V6, with this decreasénige the minor zOTUs and 32% were assigned to zOTU#455. The
the most pronounced in group Ap(< 0.0001, Wilcoxon Signed inter-group comparisons showed that saliva and tongue sasnple
Ranks Test)Kigure 50). diered in zOTU #143 (group A) and zOTU #262 (group C)
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FIGURE 7 | L. paracaseiand L. plantarumgPCR counts (genomic unitsinL sample) in plaque, saliva, and tongue samples per study gup and visit.

(Supplementary Figure ¥, as well as two smaller zOTUs #1419the experimental gingivitis period (V5), the groups signi ¢n
and #571 (in group C) at visits 2 through 5. Samples frondi ered from each other in all three sample types by the
group B had a negligible number of samples positive with theseounts of both lactobacilli specieg € 0.0001)L. paracaseivas
three zOTUs. signi cantly higher in group A than in group B or in group Gu(
The above ndings were con rmed with targeted gPCR of< 0.0001), whild.. plantarumwas found signi cantly higher in
the two lactobacilli species k. plantarum and L. paracasei group C thanin group A or Big< 0.0001). For both lactobacilli
(Figure 7). Baseline samples of tongue and plague samplespecies, signi cantly higher counts were found in saliventiva
contained between 0 and 17 (median 0) genomic units of thelaque or tongue samples at all timepoints irrespective of the
lactobacilli, while in baseline saliva samples between 05&82d group (p< 0.001 forL. paracaseandp < 0.01 forL. plantarun),
(median 0-0.4) genomic units of the targeted lactobacillieve while no di erence in lactobacilli counts was observed betwe
found (Table 1). After the wash-in period (V3) and also after the plaque and tongue samples. At the end of the study, after
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FIGURE 8 | Microbiome output of the baseline samples{A) Principal Component Analysis (PCA) of plaque, salivary, diongue samples;(B) PCA of salivary and
tongue samples; (C) species richness (zOTUs/sample) angD) Shannon Diversity Index per sample type. Connectors indicatstatistically signi cant differences§ <
0.05, Wilcoxon Signed Ranks test).

the 2-week wash-out period without the use of the lozenges, thsame anaerobic taxa increased in their proportion during the
di erences among the groups were lost exceptlfoplantarum  experimental gingivitis period Higure 9). Additional to the
in saliva p < 0.0001), where samples from the group C stillchange between V3 and V4 (rst week of the experimental
had statistically signi cantly higher counts than the oth@&vo  gingivitis period), in groups B and C there was a further
groups (A:p D 0.0333, Bp D 0.0167, Mann-Whitney test, signi cant change between week 1 and week 2 of experimental
FDR corrected). gingivitis (V4 and V5), while no change in microbiome was
Next, we assessed the microbiome communities usingbserved inthe samples from group A.
PCA and PERMANOVA. As expected, samples collected from In saliva, the changes in time were less pronounced, though
di erent niches — dental plaque, saliva, or dorsum of the toagu still signi cant (A: p D 0.0001; Bp D 0.0001; Cp D 0.0001)
— clustered apart and diered signicantly in their proles (Figure9). Again, the di erences were due to the experimental
(Figures 8A,B. Saliva samples showed signi cantly highergingivitis phase. However, in saliva, unlike plague, some
bacterial diversity than the other two nicheFigures 8C,0. dierences in the taxa that changed in their proportion during
When all samples per niche and study group were assessedtbg experimental gingivitis period were observed among the
the study visit, the analysis showed that microbiome comosi  groups. In group A this was associated with principal component
signi cantly changed in time across all nichefidure9. PC3 and with a higher proportion of four zOTUs classi ed as
Irrespective of the sample type, samples collected during thgenusLeptotrichia(#26, #94, #117, #55)actobacilluszOTU
experimental gingivitis period (V4 and V5) di ered most from #143, andAbiotrophia defectivaOTU#42 Figure 9). In group
the samples collected before or after this period. Additignal B, changes during experimental gingivitis were associatédd w
signi cant changes between the baseline (visit 1) and isifter PC3 and a higher proportion dfeptotrichia(zOTU #73, #26),
the rstweek of the wash-in period with the test product use @er FusobacteriumzOTU #43, Capnocytophaga sputigez®TU
observed in microbial pro les of saliva from group A and toregu #62, and Aggregatibactesp. oral taxon 458/512 zOTU #40.
from groups A and C. In saliva samples from group C, experimental gingivitis was
The most pronounced changes in time were nonethelesassociated with a higher proportion éfggregatibactesp. oral
observed in plaque samples, where in all groups nearly thaxon 458/512 zOTU #40Rrevotella nigrescer©OTU #116,
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FIGURE 9 | PCA plots per group and sample type by visit. The text boxes ulicate the zOTUs that were the main loadings (arbitrary thshold 0.1/ 0.1) of the
principal components that were associated with experimera! gingivitis (V4 and V5): PC1 (left — negative loadings, liig- positive loadings) in plague and PC3 in saliva
samples (upper half of het plot — positive loadings, the lowepart of the plot — negative loadings). No speci ¢ component asociated with V4 and V5 was identi ed for
the tongue samples. F andp-value — restricted PERMANOVA.

FusobacteriunzOTU #43, #107SelenomonasOTU #115, and The tongue samples showed the least though still statistically
LeptotrichiazOTU #55. In other words, these ndings indicate signi cant changes induced by experimental gingivitis. Wali
that although direct inter-group comparisons did not showfor saliva and plague samples, the PCA plots on tongue samples
any di erences among the three groups, assessments in tintkd not reveal any obvious sample clustering by the principal
within each group indicate that slightly dierent microbial components Figure 9. Only in group B the tongue sample
shifts occurred during the experimental gingivitis period in composition was signi cantly di erent between baseline atsitv
dierent groups of saliva samples. Besides the increase #h (1 week of experimental gingivitis), while all three groups
genus Leptotrichia (anaerobic Gram-negative rod from classdi ered from the baseline after the second week of the girigivi
Fusobacteria, associated with mature dental plaque) irvasali phase (visit 5).

from all groups, the samples from group A showed an increase Within each group, microbial diversity (species richness
in the proportion of Lactobacilluga likely constituent of one of and Shannon Diversity Index) of plaque and saliva changed
the test products) anébiotrophia defectivffacultative anaerobic signi cantly in time, while the diversity of the tongue
Gram-positive coccus, nutritionally-dependent on otheragx microbiome remained unchanged-igure 10. In plaque and
while in groups B and C increases in anaerobic and capnophilisaliva, diversity increased signi cantly in all three gpsuduring
taxa, all associated with mature dental plaque, were obderve the experimental gingivitis phase (V4 and V5). In plaque,
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FIGURE 10 | Shannon Diversity Index per study group and visit afA) plaque,
(B) salivary, and(C) tongue microbiome samples. The connectors connect the
visits that differed signi cantly P < 0.05, Wilcoxon Signed Ranks test) from
the baseline visit.

diversity increased also during the normal oral hygiene qukri
from V1 to V2 (groups A and B) and from V1 to V3 (groups B
and C) when subjects were exposed to the lozerfggsie 10.

DISCUSSION

In this randomized triple-blind and placebo-controlled claail
trial, we assessed the e ects of two bacterial strains (fdgme
known as lactobacilli) that were selected from previdos

gingival health in individuals from the groups exposed to thet te
products recovered better from experimental gingivitis thiba
individuals in the placebo group.

Besides the primary and secondary outcomes, we performed
ancillary analyses within each group, in time. Here we found
that the two test products inhibited pro-in ammatory cytokén
IL-13 production, measured in saliva, during the experiménta
gingivitis period. It has been shown that the IL-1R level sases
in saliva during experimental gingivitis and correlates fwit
plague and gingival indice[]. Our ndings indicate that the
tested strains have an anti-in ammatory potential not ority
vitro [12] but alsoin vivo. The faster recovery in gingival health
after the experimental gingivitis in the test groups compared
to placebo also strengthens this bene cial potential. Another
pro-in ammatory cytokine — PGE2 — did not show measurable
changes in saliva during the experimental gingivitis in arfly o
the groups. The latter nding might be explained due to the low
concentration measured in saliva and the higher associaifo
PGEZ2 with periodontitis than gingiviti2f).

Exposure toL. paracase{group A) during the period of
normal oral hygiene (the wash-in phase of the study) led to a
lower plague pH, a lower proportion of mature, red uorescing
plaque in comparison to the baseline samples, and changes
in microbial proles of saliva and tongue. Red uorescence
of dental plague increases with the increase in plaque mass
and age 1§ and is associated with a mature, anaerobe-rich
microbial composition 9, 43. Our ndings suggest that
exposure tolL. paracasetontaining lozenges modulated the
ecological properties of the oral ecosystem.

Group A (L. paracaseiyli ered from the other two groups
also in the response to experimental gingivitis: while in groups
B (control group) and CI(. plantarum)microbial composition
of dental plague changed signi cantly between the rst ané th
second week of experimental gingivitis, the microbial pre le
in group A, exposed td.. paracaseliozenges, remained stable.
Additionally, no changes in bacterial DNA concentrationrere
observed in group A throughout the entire study, while baieter
DNA increased signi cantly in the other two groups during
abstaining from oral hygiene in comparison to the baseline.
Although no di erences among the groups in the changes in
plague amount were measured, our ndings suggest that the
L. paracasetest strain has a potential for plaque modulating
capacity and should be investigated further. In group A plague
samples, fungal DNA load (fungal DNA relative to bacterial DNA
concentration) increased slightly though statisticalgnsicantly
during the wash-in period of the study. Since we did not
assess fungal community composition, the biological relega
of this nding is unclear and requires further study. It has
been suggested that fungi play a signi cant role in maintagni
resilient oral microbiota44].

The microbial composition of the tongue is known to be the
most stable among the oral niches and overall in the human

vitro tests as potential probiotics for the oral ecosystem usingody [45. Nevertheless, the microbial composition of the tongue
the experimental gingivitis study design. The primary studycoating changed signi cantly during our study where sulgec
outcome, changes in gingival bleeding after the 2 weeks @fere abstaining from oral hygiene for 2 weeks. Howevery afte
abstaining from toothbrushing, was not a ected by the exp@sur the rst week of non-brushing, only in the placebo group and no
to the test lozenges in comparison to the placebo group. Howeven the test groups the microbial pro les di er from the baseline
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This indicates that the test products may have enhanced the This study is one of the few large RCTs investigating the s ect
resilience of the tongue microbiome. of probiotics on both clinical and oral microbiome charadgics
An unexpected and very interesting nding was the notablebefore, during, and after an experimental gingivitis intemtion.
reduction of bacterial DNA in the tongue samples exposed to th&he relatively short duration and the speci ¢ study population
testlozenges (group A and C) throughout the entire studygekri  prohibit conclusive statements. However, the two testediges
in comparison to the baseline. This could not be attributedhite  with the speci cL. paracasedr L. plantarumstrains did show
mechanical removal by the lozenge, since similar e ects wete potential for bene cial e ects for the oral health of the host
observed in the placebo group. A potential explanation could bduring experimental gingivitis stress to the oral ecosystem
that exposure to the test strains has resulted in bacter@adoing and require further studies on their e ects in modulating the
and detachment from the tongue coating. The exact mechasisnoral ecology.
and potential of the test strains against halitogi§ [ not assessed
here, require further study. DATA AVAILABILITY STATEMENT
Limited adherence and retention time of the probiotics in
the oral cavity is a known concerrtf]. The concentration of The sequencing data is available in the NCBI SRA
both test strains increased signi cantly during the visitsen the  Database, BioProject: PRJINA796964. The names of the
subjects were exposed to the test products in the saliva, plaguepository/repositories and accession number(s) can bedoun
and tongue samples of our study. Among the three types dielow: NCBI; PRINA796964.
samples, saliva showed the largest counts of the test stemid 2
weeks after the study still contained a higher concentratitthe ETHICS STATEMENT
L. plantarumstrain in the group C samples than in the other two
groups, indicating that low numbers of this test strain webéea The studies involving human participants were reviewed and
to survive in the oral cavity at least 2 weeks beyond the pesfod approved by the Ethics Committee of Slotervaartziekenhuis &
direct exposure. Reade (METC nr. P1815; Dutch CCMO research protocol nr.
The present study was performed with the well-knownNL65326.048.18; registration in the Netherlands Trial Regi
experimental gingivitis protocol4]. However, such a clinical NL6951). The participants provided their written informed
study also has its limitations, which means that extrapotattf ~ consent to participate in this study.
the results should be done with cautiofd]. The most important

aspects are that the population of this study was young an
healthy, which makes it di cult to estimate the magnitude thfe AUTHOR CONTRIBUTIONS

e ects of this intervention in a less healthy or older population BB, MB, BF, TR, and MG contributed to data acquisition and
An attempt has been made to limit this e ect by applying the yrated and critically revised the manuscript. CV, SW, NR, TS
experimental gingivitis model, but the e ects of experimentalyc and EZ contributed to conception, design, data acquisiti
gingivitis have not been studied in e.g., patients with a highy\q grafted and critically revised the manuscript. All autho

caries risk ]. Another point of attention is the frequency gave nal approval and agreed to be accountable for all aspects
of exposure to the lozenges. Here the study participants tooks the work.

three lozenges per day, while this could be di cult to achieve
during daily life. For more convenient use, another methdd o
administration of the probiotics could be considered. In &atoh, FUNDING

the exposure to the lozenges was limited to 4 weeks. Regu[ﬁ%ese authors had no involvement in the nal evaluation of the
use of the lozenges for longer periods might lead to more

pronounced e ects data or the discussion of the article. This study receiveuiiiog

Some observations, unrelated to the test products, were magggn gohggoré anﬁl.J?hnjon Consumer ITC'éL.JSAh) gran; numper
in this study regarding the study design. First, we obseraed 4 5 16. T s funder was.not Involved In the .SFU y desig
signi cant increase in plaque index in the placebo and one oFOl.IeCt'On’ analys_ls_,, mterpreta_tl(_)n of dat_a, t_he writing tbis
the test groups (group Cl. plantarum) during the wash-in article, or the decision to submit it for publication.
phase, when subjects were asked to continue with their habitu
oral hygiene measures. This could be due to a Hawthorne e e ACKNOWLEDGMENTS
[49, where subjects might have temporarily increased theifl ora
hygiene habits before the start of the study, to be able tothess We thank M.R. Goetz and W. Fokkema for their support in
screening, and lowered to their habitual level once parttiiga ~ ©0rganizing the study, and E. Deutekom-Mulder and W.E.A.J. de
in the study. Another observation, relevant for the expenita¢ Wit for sample preparation for amplicon sequencing.
gingivitis study design, was that none of the clinical iredie- PI,

MGlI, and BOMP — recovered entirely to the baseline levels afte S UPPLEMENTARY MATERIAL

the 2 weeks of the recovery phase. Although 2 weeks of recovery

is a commonly applied protocob[], participants of studies with The Supplementary Material for this article can be found
experimental gingivitis design should be followed for a langeonline at:  https://www.frontiersin.org/articles/10.3880oh.
period of time. 2022.825017/full#supplementary-material
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