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Aim: This subgroup analysis of a 12-week randomized, double-blind, and two-center 
trial aimed to evaluate whether two different toothpaste formulations can differen-
tially modulate the dental microbiome.
Material and Methods: Forty one mild to moderate periodontitis patients used as 
an adjunct to periodontal treatment either a toothpaste with anti-adhesive zinc-
substituted carbonated hydroxyapatite (HA) or with antimicrobial and anti-
adhesive amine fluoride/stannous fluoride (AmF/SnF2) during a 12-week period. 
Plaque samples from buccal/lingual, interproximal, and subgingival sites were 
taken at baseline, 4 weeks after oral hygiene phase, and 8 weeks after periodontal 
therapy. Samples were analyzed with paired-end Illumina Miseq 16S rDNA se-
quencing. The differences and changes on community level (alpha and beta diver-
sity) and on the level of single agglomerated ribosomal sequence variants (aRSV) 
were calculated with analysis of covariance (ANCOVA) and likelihood ratio test 
(LRT).
Results: Interproximal and subgingival sites harbored predominately Fusobacterium 
and Prevotella species associated with periodontitis, whereas buccal/lingual sites har-
bored mainly Streptococcus and Veillonella species associated with periodontal health. 
Alpha and beta diversity did not change noticeably differently between both tooth-
paste groups (P > 0.05, ANCOVA). Furthermore, none of the aRSVs showed a notice-
ably different change between the tested toothpastes during periodontal therapy 
(Padj .> 0.05, LRT).
Conclusion: The use of a toothpaste containing anti-adhesive HA did not induce sta-
tistically noticeably different changes on microbial composition compared to an anti-
microbial and anti-adhesive AmF/SnF2 formulation.
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1  | INTRODUC TION

The initiation and progression of caries and periodontitis, the most 
prevalent diseases of mankind, are closely associated with the 
establishment of disease-promoting bacterial biofilms on tooth 
surfaces.1,2 Their efficacious mechanical removal by properly per-
formed oral hygiene therefore is generally regarded to be essen-
tial for predictable disease prevention.3 Furthermore, reduction in 
existing cleaning deficits by structured hygiene training instruc-
tions is an indispensable necessity. However, as approximately 
30%-60% of health information is forgotten within one hour4 and 
as not all affected patients may even have access to profession-
ally guided oral hygiene training, antimicrobial agents are often 
added as toothpaste ingredients to level out insufficient mechani-
cal cleaning efficacy. Their anti-inflammatory efficacy in the treat-
ment of gingivitis has been recently reviewed.5 The combination 
of amine fluoride and stannous fluoride (AmF/SnF2) showed an-
timicrobial and plaque-reducing, that is, anti-adhesive properties 
against in situ oral biofilms grown on intraoral splints.6 Likewise, 
studies with hydroxyapatite (HA) containing oral care products 
reported anti-adhesive effects7, but observed no specific antimi-
crobial effects of the hydroxyapatite particles in situ.8 To evaluate 
those different formulations under clinical conditions, a random-
ized controlled study was conducted with stage I and II peri-
odontitis patients9 using either a HA- or an AmF/SnF2-containing 
toothpaste for 12 weeks while receiving periodontal therapy.10 
Results of this study showed no differences between toothpastes 
in reducing the visible plaque on teeth or interfering with the de 
novo plaque formation. However, in this study, only quantitative 
plaque parameters were evaluated, so it remains open, if there are 
any compositional changes of bacteria within the dental plaque 
microbiome during the 12-week study period.

Therefore, the objective of this study was to explore the com-
position of the whole microbiota in plaque samples taken by Harks 
et al10 using Illumina 16S rDNA sequencing to evaluate whether 
the previous observed similarity regarding quantitative plaque pa-
rameters between the two tested toothpastes (HA and AmF/SnF2) 
can also be found for the qualitative composition of the microbiota 
during periodontal therapy.

2  | MATERIAL AND METHODS

2.1 | Patient cohort

This is a metataxonomic sequencing analysis of a subsample of 
41 patients from the already published clinical investigation of 
Harks et al10 registered at Clinical Trials.gov (NCT02697539). This 
clinical investigation was double-blinded, randomized and had two 
participating centers: Dept. of Periodontology and Restorative 
Dentistry, University Hospital, Muenster, Germany, and Dept. 
of Periodontology, University Hospital, Wuerzburg, Germany. 
Inclusion criteria were pocket probing depths (PPD) of ≥4 mm at 

a minimum of four teeth (except third molars). Age ≥18-75 years. 
Patients must have had at least 10 natural teeth (except third mo-
lars) and were nonsmokers. Exclusion criteria were known systemic 
diseases that may influence the periodontal conditions and also 
regular consumption of drugs that may interfere with periodontal 
conditions. Patients undergoing or requiring extensive dental or 
orthodontic treatment, were pregnant or breastfeeding were also 
excluded from the study. Furthermore, patients undergoing profes-
sional periodontal therapy during the 6 months prior to baseline and 
patients with periodontal pockets ≥6 mm in more than two sextants 
were excluded. The study was approved by the Ethics Committee of 
the Medical Faculty of the University of Wuerzburg, Germany (file 
# 2/11), and all participants gave their written informed consent. In 
this sub-analysis, for each sequencing run, at least 10 patients from 
the study collective were selected consecutively. We conducted 
after each run an intermediate analysis according to the statistical 
analyses described below. Because between the 3rd and 4th se-
quencing run, no additional changes in outcomes were detected, 
we did not sequence the remaining patients from the full study be-
cause we did not expect any further changes.

2.2 | Study design

At baseline, clinical periodontal examinations were done and the 
blinded toothpastes were dispensed. Patients received either a 
zinc-substituted carbonated hydroxyapatite dentifrice (HA group, 
BioRepair, Wolff, Bielefeld, Germany) or a dentifrice containing an 
amine fluoride/stannous fluoride (AmF/SnF2 group, Meridol, CP 
GABA, Hamburg, Germany) with no further oral hygiene instructions. 
Thereafter, strict supragingival debridement was performed, as de-
scribed previously.10 After 4 weeks, mechanical periodontal therapy 
was performed according to the at baseline recorded clinical meas-
urements. All patients were advised to keep brushing their teeth ex-
clusively with the originally provided toothpaste. Twelve weeks after 
baseline, that is, 8 weeks after periodontal therapy, clinical examina-
tions were repeated and the study was ended (Figure 1).

2.3 | Sampling procedures

Four sample teeth were selected randomly and equally distributed 
throughout the mouth, as described previously.10 Alternating, the 
most distal or the most mesial tooth in each quadrant with at least 1 
site with PPDs of ≥4 mm was selected randomly for sampling. This 
was done to ensure a homogenous distribution of diseased sampling 
teeth in each patient. Samples were taken with sterile paper points 
(ISO45, Roeko Dental, Langenau, Germany) at each visit (baseline, 
4 weeks, 12 weeks) at the same sampling sites before performing me-
chanical therapy. Buccal and lingual plaque samples (buccal/lingual) 
were taken from the area close to the gingival margin. Interproximal 
supragingival plaque samples (interproximal) were collected by in-
serting the paper point horizontally in the buccal-lingual direction 
near the gingival margin. Subgingival plaque samples (subgingival) 
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were taken from the deepest periodontal pocket (≥4 mm) of the 
sampling teeth. Paper points from the four corresponding sampling 
sites were pooled and stored at −20°C until further use.

2.4 | DNA extraction, 16S rDNA amplification, and 
amplicon sequencing

Bacterial genomic DNA was isolated and purified with the QiaAmp 
Mini DNA-Isolation Kit (Qiagen, Hilden, Germany), as described pre-
viously.11 Library preparation was performed with two rounds of 
amplification following the 16S metagenomics sequencing library 
preparation guide (Part # 15044223 Rev. B, Illumina GmbH, Munich, 
Germany).11 Up to 96 libraries were normalized and pooled for an 
Illumina MiSeq sequencing run using the Illumina MiSeq Reagent Kit 
version (v.) 3 with marginally overlapping 300 bp paired-end reads.

2.5 | 16S rDNA sequence processing

Amplification primers were removed with Cutadapt v.1.8.112 and reads 
that did not contain at least 10 bases of the adapter sequence or had 
an error rate above 0.2 in the adapter region were removed. Primer 
trimmed reads were submitted to the European Nucleotide Archive 

(http://www.ebi.ac.uk/ena/) of EMBL European Bioinformatics 
Institute under the study accession number PRJEB28345 (Table S1).

Trimmed (raw) reads were then processed using the R language 
environment v.3.5.013 and RStudio v.1.1.44714, following the DADA2 
v.1.8.0 workflow described by Callahan et al.15 Applied pipeline set-
tings were explained in detail, before.11 Briefly, forward reads were 
truncated at position 260 and reverse reads at 190 onwards. Reads 
were denoised and those overlapping at least 15 bp were merged 
with no mismatch allowed. Ribosomal sequence variants (RSVs) were 
taxonomically assigned using a naive bayesian classifier and the Silva 
v.128 training set.16 Utilizing the R-package phyloseq v.1.24.017, the 
following sample specific details were combined: (a) all non-chimeric 
RSVs along with their classification down to genus level and their 
abundance; (b) the phylogenetic neighbor-joining tree18; and (c) the 
patient identifier, study center (Muenster or Wuerzburg), treatment 
group (HA or AmF/SnF2), treatment time points (baseline, 4 weeks or 
12 weeks), and sampling site (buccal/lingual, interproximal, subgin-
gival). To remove spurious RSVs, all variants occurring in two or less 
samples were removed and closely related RSVs were tree-based 
agglomerated by a cophenetic distance smaller than h = 0.03 using 
single-linkage clustering. Those agglomerated RSVs are designated 
as aRSVs hereinafter.

F IGURE  1 Flowchart of samples used 
in this study. Samples were taken from a 
larger finished study by Harks et al10 with 
67 mild-moderate periodontitis patients

http://www.ebi.ac.uk/ena/
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2.6 | Statistical analysis of demographic, 
clinical, and microbial variables

All inferential statistics were intended to be exploratory instead of 
confirmatory. The P-values were considered statistically noticeable 
if P ≤ 0.05. All continuous variables were reported as mean ± stand-
ard deviation.

Available demographic variables were age and gender. For clinical 
and inflammatory variables, the de novo plaque formation rate10 (PFR), 
gingival index19 (GI), plaque index20 (PI), bleeding on probing21 (BOP), 
pocket probing depth (PPD), recession depth (REC), and attachment 
level (AL) were utilized. Differences in the variables center and gen-
der between HA and AmF/SnF2 group at baseline were tested using 
Fisher's exact test. Two-sided Mann-Whitney U tests were done for 
continuous clinical and demographic variables. Because of only ex-
ploratory analyses, no multiple testing corrections were applied here.

To allow for comparison of alpha diversity measurements 
between samples, reads were 100 times randomly subsampled 
to the level of the sample with the least number of reads (4204) 
with the command phyloseq::rarefy_even_depth. For measurement 
of richness, the number of observed aRSVs in each sample was 
determined22 by using the command phyloseq::estimate_rich-
ness. For beta diversity, a Bray-Curtis distance matrix was cre-
ated with the command phyloseq::distance. Analysis of variance 
(ANOVA) was performed for baseline values of alpha and beta 
diversity as dependent variables and treatment group and center 
as between-subject factors and the sampling site (buccal/lingual, 
interproximal, and subgingival) as within-subject factor. Analysis 
of covariance (ANCOVA) was performed to test for time effects 
at w4 and w12 on alpha and beta diversity using “intervention” 
as dependent variable, and “center,” as well as the baseline value 
(baseline) of the corresponding microbial variable as cofactors. To 
explore community structure and reduce dimensionality, a prin-
cipal coordinates analysis (PCoA) was done with the Bray-Curtis 

dissimilarity matrix by eliciting the commands: phyloseq::ordinate 
and phyloseq::plot_ordination.

The analysis of differential abundance of aRSVs was done with 
the R-package DESeq2 v.1.20.023 as previously described11 with 
following modifications: A likelihood ratio test (LRT) was per-
formed to test for differentially changed aRSVs between groups 
at 4 and 12 weeks. The full model contained the factors treat-
ment group, time point, site and center and the interaction term 
between treatment group and time point. The reduced model did 
not contain the interaction term. The false discovery rate was con-
trolled by applying the Benjamini-Hochberg procedure to adjust 
the P-values.24 Effects on the counts of an aRSV were considered 
as noticeable if adjusted P-value (Padj) ≤ 0.05. For descriptive anal-
yses only, aRSVs were agglomerated on genus level with the com-
mand phyloseq::tax_glom and taxonomically labeled when possible. 
If such genera included species described by Sokransky et al25, 
this genus was allocated to the given complex, as previously de-
scribed.11 All figures were created with the R-package ggplot2.26

3  | RESULTS

3.1 | Demographical and clinical variables at 
baseline

The mean age of the study subpopulation was 54.86 ± 10.19 years 
with 25 females and 16 males included. Nineteen patients were 
from the Muenster center and 22 from the Wuerzburg center. 
No noticeable differences between HA and AmF/SnF2 group re-
garding age (HA: 54.22 years; AmF/SnF2: 55.46 years; P = 0.386, 
Mann-Whitney U test), sex (HA: 9 females 11 males; AmF/SnF2: 16 
females/5 males; P = 0.058, Fisher's exact test), and center distribu-
tion (HA: 10 Muenster/10 Wuerzburg; AmF/SnF2: 9 Muenster/12 
Wuerzburg; P = 0.758, Fisher's exact test) were found. Moreover, 
no noticeable differences of the clinical and inflammatory variables 
were observed between both groups before therapy (Table 1).

3.2 | Bioinformatical preparation of plaque samples

Out of 369 plaque samples initially processed, 10 samples did not sat-
isfy quality criteria. These samples were re-introduced into an addi-
tional sequencing run, and the reads from repeated runs were merged. 
After repetition and merging, only two samples showed total read 
counts below 10 000 reads (9812 and 4204). However, those two 
samples were not excluded from further analysis because their satura-
tion in rarefaction curves suggested sufficient sequencing depth.

3.3 | Site-specific composition of aRSVs at 
baseline and after 4 and 12 weeks

After processing the raw reads with DADA2, 6387 non-chimeric 
unique RSVs were found over all samples. By removing all RSVs 
occurring only in two or less samples, this number was reduced 
to 2993 RSVs. Tree-based agglomeration of the remaining RSVs 

TABLE  1 Clinical variables before therapy for the HA and AmF/
SnF2 group

HA (n = 20)
AmF/SnF2 
(n = 21) P-value

PFR (%) 49.46 ± 16.88 52.01 ± 16.56 0.442

GI 1.12 ± 0.32 1.17 ± 0.53 0.886

PI (%) 63.77 ± 18.26 66.99 ± 19.31 0.602

BOP (%) 24.41 ± 25.39 20.11 ± 19.17 0.723

PPD (mm) 2.61 ± 0.48 2.57 ± 0.32 0.629

REC (mm) 0.37 ± 0.40 0.32 ± 0.31 0.784

AL (mm) 2.98 ± 0.70 2.89 ± 0.45 0.835

All variables represent whole mouth scores and are shown as 
mean ± standard deviation. P-values were calculated using Mann-
Whitney U tests comparing the variables between both groups.
AL, attachment level; BOP, bleeding on probing; GI, gingival index; PFR. 
de novo plaque formation rate; PI, plaque index; PPD, pocket probing 
depth; REC, recession depth.
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resulted in 393 aRSVs, which included 15 aRSVs taxonomically 
labeled as eukaryotes, archaea, or without any label on kingdom 
level. For further analysis, only the 378 bacterial aRSVs were se-
lected that were categorized into 16 uniquely named taxa on phy-
lum level and 117 on genus level. For inter-sample comparisons of 
alpha diversity only, reads were normalized by randomly subsam-
pling to the level of the sample with the least number of reads. 

This reduced the mean number of aRSVs per sample from 118.5 
to 106.7. The most abundant genera before therapy at the buc-
cal/lingual sites were Streptococcus with 20.71% mean relative 
read count before therapy (MRRCb) over both treatment groups, 
Veillonella (13.80% MRRCb), and Fusobacterium (11.38% MRRCb) 
(Figure 2). This was different to subgingival and interproximal sites 
where most abundant taxa were Fusobacterium (interproximal: 

F IGURE  2 Heatmap of the distribution 
of highly abundant genera at baseline. 
Highly abundant genera were defined 
as having a minimal relative baseline 
abundance over all samples of at 
least 1% at one sampling site. On the 
right-hand column are the taxonomic 
classifications down to genus level. On 
the left-hand column are the color codes 
for the microbial complexes proposed 
by Socransky et al25; red and orange: 
species associated with periodontitis; 
purple, green, yellow: species associated 
with periodontal health; gray: no complex 
affiliation. The columns represent the 
three different dental sites: buccal/lingual, 
interproximal, and subgingival

F IGURE  3 Boxplots of alpha diversity 
during periodontal therapy. Samples are 
visualized by boxes with whiskers and 
dots for outliers. Boxes are colored red for 
the HA and blue for the AmF/SnF2 group. 
Each row represents a different time 
point: before (baseline), 4 weeks after 
supragingival debridement, and 8 weeks 
after supragingival and subgingival 
debridement. Each column represents 
the site where the sample was taken 
from supragingival buccal and lingual 
(buccal/lingual), supragingival interdental 
(interproximal), subgingival interdental 
(subgingival) not accessible for daily 
oral hygiene. Mean species richness per 
treatment group at each time point and 
sample site was calculated after randomly 
subsampling aRSV counts with 100 cycles 
to the sample with the lowest reads
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25.16% MRRCb; subgingival: 30.56 MRRCb), Prevotella (interproxi-
mal: 10.72% MRRCb; subgingival: 8.70 MRRCb), and Veillonella (in-
terproximal: 9.70% MRRCb; sub: 6.98% MRRCb). No aRSV showed 
a noticeably different change (Padj > 0.05, LRT) between the HA 
and AmF/SnF2 group 4 and 12 weeks after therapy.

3.4 | Alpha and beta diversity at baseline

Alpha diversity showed noticeable center and site effects at base-
line (ANOVA; center: P = 0.025 and site: P < 0.001). The normal-
ized number (norm) of aRSVs was 98.49 ± 25.16 in the Muenster 
center compared to 114.50 ± 29.66 in the Wuerzburg center. At 
the buccal/lingual sites 96.10 ± 30.76, at the interproximal sites 
118.65 ± 25.17, and at the subgingival sites 106.48 ± 25.90, norm 
aRSVs were found. There were no noticeable group differences 
at baseline between HA: 105.21 ± 26.28 norm aRSVs and AmF/
SnF2: 108.86 ± 30.93 norm aRSVs (ANOVA group: P = 0.716) 
(Figure 3). Regarding beta diversity, there was a noticeable site ef-
fect (ANOVA site: P < 0.001), but no group or center effects at 
baseline (ANOVA group: P = 0.466, center: P = 0.577) (Figure 4).

3.5 | Alpha and beta diversity changes before and 
after periodontal therapy

Alpha diversity did not change noticeably differently in the HA and 
AmF/SnF2 group during the 4 weeks before periodontal therapy 
(ANCOVA for buccal/lingual: HA: +13.41 ± 27.76 norm aRSVs vs 
AmF/SnF2: −1.23 ± 24.86 norm aRSVs, P = 0.082; interproximal: HA: 
−1.63 ± 19.98 norm aRSVs vs AmF/SnF2: −4.90 ± 17.90 norm aRSVs, 
P = 0.668; subgingival: HA: −2.47 ± 28.06 norm aRSVs vs AmF/SnF2: 

−0.46 ± 16.98 norm aRSVs, P = 0.710). There was also no notice-
ably different change 8 weeks after mechanical periodontal therapy 
(ANCOVA for buccal/lingual: HA: −10.27 ± 29.53 norm aRSVs vs 
AmF/SnF2: −4.44 ± 23.71 norm aRSVs, P = 0.270; interproximal: HA: 
−0.33 ± 19.03 norm aRSVs vs AmF/SnF2: +0.84 ± 15.19 norm aRSVs, 
P = 0.813; subgingival: HA: −3.32 ± 23.46 norm aRSVs vs AmF/SnF2: 
+2.55 ± 15.74 norm aRSVs, P = 0.242) (Figure 3).

Beta diversity did also not change noticeably differently in 
the test and control group 4 weeks before therapy (ANCOVA for 
buccal/lingual: P = 0.453; interproximal: P = 0.409; subgingival: 
P = 0.771) and 8 weeks after periodontal therapy (ANCOVA for 
buccal/lingual: P = 0.262; interproximal: P = 0.759; subgingival: 
P = 0.157) (Figure 4). All time-dependent differences were an-
alyzed for each site separately while controlling for the cofactor 
center to adjust for the reported baseline differences in alpha and 
beta diversity.

4  | DISCUSSION

In this study, we used the Illumina MiSeq technology with paired-end 
300 bp sequencing reads to analyze the influence of anti-adhesive 
HA compared to anti-adhesive and antibacterial AmF/SnF2 on the 
buccal/lingual, interproximal, and subgingival microbiomes of 41 un-
treated stage I-II periodontitis patients during periodontal therapy. 
We found no noticeable differential modulation of alpha or beta di-
versity and on single aRSV level between both tested toothpastes.

Nevertheless, we found microbial differences along habita-
tional features at baseline. At all sample teeth, three different tooth 
sites were sampled: the supragingival buccal/lingual sites that are 

F IGURE  4 PCoA scatterplots of beta 
diversity during periodontal therapy. 
Samples are visualized by dots, which are 
colored red for the HA and blue for the 
AmF/SnF2 group. Each row represents a 
different time point: baseline, 4 weeks 
after supragingival debridement, 
and 8 weeks after supragingival and 
subgingival debridement. Each column 
represents the site where the sample 
was taken from supragingival buccal and 
lingual (buccal/lingual), supragingival 
interdental (interproximal), subgingival 
interdental (subgingival) not accessible 
for daily oral hygiene. The ordination was 
constructed using a Bray-Curtis distance 
matrix. Principal component 1 (Axis 1) and 
principal component 2 (Axis 2) are plotted 
on the x- and y-axes, respectively. The 
percentage of variation explained by the 
plotted principal coordinates is indicated 
on the axes
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expected to be highly accessible for daily oral hygiene, the supragin-
gival interproximal sites, expected to be poorly accessible for daily 
oral hygiene, and also, at subgingival sites expected to be not ac-
cessible for daily oral hygiene. Interestingly sub- and interproximal 
sites harbored similar proportions of Fusobacterium and Prevotella 
previously associated with periodontitis25 (Figure 2). These sites dif-
fered to the buccal/lingual sites that contained mainly Streptococcus, 
Veillonella, and Rothia previously associated with periodontal 
health.25 Those findings are partly supported by the study of Simon-
Soro et al27 who further distinguished lingual from buccal sites. 
They used 500 bp 454 pyrosequencing and found that especially 
Streptococcus was highly prevalent at exposed buccal and nearly 
absent in more covered lingual sites. Intra-individual differences 
between lingual, buccal, and oral mucosa were also found using 
400 bp 454 pyrosequencing and Illumina HiSeq 2500.28 Here re-
gardless of tissue type (mucosal, palatal, dental), surface-associated 
bacterial communities varied along an ecological gradient from cov-
ered to more exposed surfaces. Taken this together, the limited ac-
cess of oral niches might influence the microbiome composition and 
improvement of homecare daily plaque removal.

4.1 | No differential effects on microbiota 
composition between the tested toothpastes before 
periodontal therapy

Hydroxyapatite particles that adhered to oral bacteria have been 
firstly visualized in saliva samples of subjects using HA-containing 
oral care products in an in situ study with intraoral splints.7 
Furthermore, a solution of pure HA particles reduced the thick-
ness of the plaque on intraoral splints equivalent to chlorhexidine 
digluconate. Interestingly, live/dead staining suggested that those 
HA-coated bacteria stayed alive, so it could be assumed that HA 
particles themselves have only anti-adhesive and no antimicrobial 
properties.8 However, our tested HA product also contained zinc, 
surfactants, and preserving agents that are potential antimicrobial 
agents.10,29 Thus, the final mode of action of the tested HA tooth-
paste is still not conclusively clarified, and to our best knowledge, 
this is the first study evaluating the effect of a HA-containing tooth-
paste on bacterial community composition at different dental sites 
before and after professional periodontal therapy.

In the first part of this study from baseline to 4 weeks, patients 
received the blinded toothpastes without further oral hygiene in-
structions in an “over-the-counter model” to observe a possible dif-
ferential effect in microbiome modulation between the toothpastes 
alone. However, alpha and beta diversity did not change noticeably 
differently between both groups (Figures 3 and 4). Furthermore, 
also on aRSV level, no differential change between the two tested 
toothpastes was found. These findings are corroborated by quan-
titative microbial results from our previous clinical study.10 Here, 
no differential effects between HA and AmF/SnF2 on the ratio of 
aerobic/anaerobic culture colony forming units were observed be-
tween baseline and 4 weeks. Additionally, we found no intra-group 
effects on tested microbiome parameters after 4 weeks in the HA as 

well as in the AmF/SnF2 group (Figures 3 and 4). This observation is 
also supported by another microbiota-based study by Huang et al.30 
Here, a decrease in alpha and beta diversity was found only, after 
applying additionally an AmF/SnF2-containing mouthwash together 
with the AmF/SnF2 toothpaste.

30

Although the fluoride ion of AmF/SnF2 itself has only limited 
antimicrobial effects, it has been proposed that the amine portion 
of AmF possesses surface-active properties and can prevent bac-
terial adhesion as well as inhibit bacterial growth.31 Metal salts can 
be bactericidal against oral bacteria and also possess anti-plaque 
activity and can inhibit bacterial enzymes.29 Van Loveren et al32 
evaluated 39 bacterial species from supragingival plaque of 30 sub-
jects (mean age 26.8 ± 7.3 years) with DNA-DNA checkerboard. By 
observing different rinsing and brushing protocols, a general plaque-
reducing effect of AmF/SnF2 toothpaste and mouthwash compared 
to the fluoride-free control was found. Additionally, in this study, the 
plaque composition changed six hours after the AmF/SnF2 usage to 
a less acidogenic phenotype.

Furthermore, other active agents in toothpaste formulations 
have been recently tested on oral microbiota composition. For ex-
ample, studies evaluating toothpastes containing arginine reported 
a decrease in bacterial diversity and especially antimicrobial effects 
on Streptococcus.33,34 Another study that evaluated a toothpaste 
containing lactoperoxidase, lysozyme, and lactoferrin35 reported a 
microbiome shift after 12 weeks usage in form of increasing number 
of bacterial species associated with periodontal health and decrease 
in periodontal disease associated species.

4.2 | No differential effect between both 
toothpastes after mechanical periodontal therapy

In the second part of this study, patients were advised to keep using 
the given toothpastes for 8 weeks after mechanical periodontal ther-
apy to observe potential differential effects during the recoloniza-
tion of bacteria after therapy. While in Harks et al10 the visible plaque 
on teeth was reduced after periodontal therapy in both toothpaste 
groups, in our study, beta and alpha diversity remained largely un-
changed after periodontal therapy (Figures 3 and 4). This is supported 
by similar findings of previous microbiota-based studies.11,36-38 
However, those studies did not include different toothpaste for-
mulations. Other studies found qualitative microbiota changes 
after periodontal therapy at very favorably responding sites.39,40 
According to our pooled and randomized sample strategy, we cannot 
separate the individual well responding from non-responding sites, 
but moreover give insights into the global changes of the individual 
microbiota. Furthermore, these findings suggest that mechanical 
periodontal therapy might be able to reduce the total bacterial load, 
but not always induce a global compositional microbiome change in 
every patient. Alternatively, microbiome changes might represent 
primarily habitational changes, that is, decreasing pocket depth after 
periodontal therapy. Therefore, those changes would be more pro-
nounced at initial deep sites, which were not investigated by our 
study. Irrespective of using solely anti-adhesive or anti-adhesive and 
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antimicrobial agents in toothpastes, patients were clinically success-
fully treated.10

4.3 | Limitations

When interpreting results of this study, the following limitations 
should be considered. No negative control toothpaste group without 
any measurable effect on bacteria was included. Therefore, we cannot 
assess the extent of the antimicrobial or anti-adhesive effect for each 
toothpaste alone. The patient population was older than patients from 
the referenced toothpaste/rinsing studies above. And our patients 
were already performing adequate oral hygiene and had only limited 
signs of gingival inflammation. Furthermore, by including only patients 
with mild to moderate periodontitis, the observed improvements of 
pockets and plaque parameters are expected to be lower; therefore, 
habitational changes were moderate. This might have an influence 
on detecting changes in microbiome composition, after therapy. The 
known center effect from the main study10 was also observed in alpha 
diversity in this study and had to be considered statistically as a con-
founding cofactor. Additionally, DESeq2 does not allow to include ran-
dom effects in the aRSV level analysis, for example, to account for 
dependencies between multiple samples from the same patient.

5  | CONCLUSION

The use of a toothpaste containing anti-adhesive HA did not induce 
noticeably different changes on microbial composition compared to 
anti-adhesive and antimicrobial AmF/SnF2. Within the limitations of 
this study, our results suggest that the tested antibacterial and anti-
adhesive ingredients have similar impact on the dental microbiome 
during periodontal therapy.
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