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Abstract
Objectives Oral microbiome plays a crucial role in the incidence and development of oral diseases. An altered intestinal 
microbiome has been reported in adults with chronic kidney disease (CKD). This study aimed to characterize the tongue 
microbiome of young patients with CKD compared to their healthy mothers to identify the influence of CKD-associated 
factors on resilient tongue ecosystem.
Material and methods Thirty patients with CKD (mean age, 14.2 years; 16 males and 14 females) and generalized gingivitis 
were included in the study. Swabs of the posterior tongue were collected from the patients and 21 mothers (mean age 40.8 
years). Next-generation sequencing of 16S rDNA genes was employed to quantitatively characterize microbial communities.
Results The bacterial communities were similar in terms of richness and diversity between patients and mothers (p > 0.05). 
In patients with CKD, 5 core phyla, 20 core genera, and 12 core species were identified.
Conclusions The tongue microbiome of the study participants showed no relevant CKD-associated differences compared to 
their mothers and appears to be a highly preserved niche in the oral cavity. Differences observed in the abundance of indi-
vidual species in this study could be attributed to the age rather than CKD, even after a mean disease duration of 11 years.
Clinical relevance CKD and its associated metabolic changes appear to have no detectable impact on the resilient tongue 
microbiome observed in young patients.

Keywords Adolescents · Child · Microbiome · Mothers · Chronic kidney disease · Tongue

Introduction

Children and adolescents with chronic kidney disease (CKD) 
have increased comorbidities and vulnerabilities. In Europe, 
approximately 11–12/million children and adolescents develop 
stage 3–5 chronic kidney disease (CKD) annually; the preva-
lence is estimated at 60–70/million in the age-related population 
[1]. The prevalence of CKD is approximately two times greater 
in boys owing to their higher disposition to urinary tract malfor-
mations as compared to that in girls [2]. The type and severity of 
primary kidney disease determine the course of kidney failure.

CKD in adults is associated with an imbalance in the 
human intestinal microbiome. This imbalance could be 
attributed to contributory CKD-associated factors such as 
uremia, increased inflammation and immunosuppression, 
as well as pharmacological therapies, and dietary restric-
tions [3]. Furthermore, various therapies in patients with 
CKD, such as hemodialysis or peritoneal dialysis, may be 
linked to variations in the intestinal microbiome [3].
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The key research topic in this study was whether altera-
tions in the microbiome owing to CKD are also prevalent 
in the oral cavity of younger patients. The homeostasis 
of the human microbiome is highly dependent on envi-
ronmental conditions. Therefore, this complex system is 
highly influenced by health, disease conditions, and the 
therapeutic strategies applied [3]. Alternative therapies or 
disease duration could be responsible for the differences 
between adult and young patients with CKD. Limited pub-
lished data on the development of the microbiome in chil-
dren and adolescents with CKD are available [4].

The oral cavity, which is a unique ecosystem marking 
the beginning of the gastrointestinal tract, represents the 
second largest microbial community in humans [5]. With 
its anatomical and diverse oral niches, the oral cavity is 
inhabited by oral microbiota of more than 700 widespread 
taxa [6, 7]. The tongue microbiome is one of the most 
resilient niches within the oral cavity and has been reg-
ularly analyzed in clinical studies [6]. Oral microbiota, 
including bacteria, viruses, archaea, and fungi, are known 
to cause caries and periodontitis, which are the two most 
common oral diseases. In addition, oral microbiota is con-
sidered a significant risk factor for systemic health condi-
tions in humans, such as diabetes mellitus, cardiovascu-
lar disease, and bacteremia, and premature and low birth 
weight infants [8, 9]. For a better understanding of colo-
nization of bacterial species and development of mature 
microbiota in the oral cavity, it is important to consider 
oral microbiota development during infancy [10].

The microbiota of a newborn is highly dynamic and 
changes rapidly in its composition, especially during the 
first years of life, towards a stable adult-like structure 
that includes diverse microbial communities with unique 
composition and functions at specific body sites [11]. 
Colonization of the oral mucosal surfaces starts during 
birth with the introduction of bacteria and fungi through 
multiple pathways, including maternal transmission dur-
ing childbirth, parental exposure, nutrition, and horizontal 
transmission through caregivers and peers. A microbial 
community is established by the eruption of teeth into a 
diverse microbiome [12–14]. A complex interplay exists 
between the establishment and development of neonatal 
immunity, and early microbial acquisition [15]. These 
early life interactions between the microbiome and human, 
in particular in a household, host are responsible for the 
characteristics of postnatal acquired and innate immune 
functions and physiological development influencing 
future health [11, 16–18].

Metabolic changes imposed by CKD, inherited genetic 
factors, and immunocompetence transmitted from the mother 
affect the development of the oral microbiome in children 
with CKD.

Therefore, this study aimed to characterize the tongue 
microbiome as a resilient niche in the oral cavity of children, 
adolescents, and young adults with CKD, and compare it to 
that of their mothers.

Material and methods

Patients and study design

This cross-sectional study aimed to characterize the tongue 
microbiome of children with renal diseases and compared it 
with that of their healthy mothers.

The trial was approved by the Ethics Committee of the 
Faculty of Medicine, University of Cologne, Germany, and 
recorded at The German Clinical Trials Register (registra-
tion number DRKS00010580).

Sample size calculation

To estimate the required study sample size, we used the 
R package pwr. To detect differential relative abundances 
among 20 bacterial taxa between patients and their mothers 
with two-tailed t-tests at a Bonferroni-corrected significance 
level of 5% and a power of 80%, the sample size require-
ments were based on the expected effect size. Assuming 
Cohen’s small effect size, 750 individuals per group were 
required; medium-sized effects required n=122 per group, 
and large effects could be detected with 50 participants 
per group. The present study sample of 30 patients and 21 
mothers provided a power of 36% to detect large effects in 
the abovementioned setting.

Patient recruitment

The enrolled patients represented a typical study popu-
lation of the Department of Pediatric Nephrology at the 
University Hospital of Cologne. A total of 30 participants, 
who appeared for their CKD control assessment from July 
1, 2016, to 2019 were consecutively included in the study. 
All the patients were initially enrolled by a pediatric neph-
rologist and examined by the dentists involved in this study. 
Healthy mothers of the study participants were included as 
controls. All mothers that were included as controls were 
living in the same household with the respective CKD 
patient. The initial study design included healthy siblings 
as a control group. This was also intended to investigate 
the family connection. Nevertheless, a large part of the 
siblings also suffered from a chronic disease. Due to the 
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general illnesses, the siblings were no longer available as 
a control group.

Inclusion and exclusion criteria

Patients who regularly attended the Department of Pediatric 
Nephrology at the University Hospital for examination were 
screened by pediatric nephrologists according to the follow-
ing criteria: patients with CKD grades 1 to 5 according to 
the Kidney Disease Improving Global Outcomes (KDIGO) 
classification [19], who were conservatively treated, under-
went transplantation or dialysis, and those with gingivitis. 
The patients were subsequently examined by the study den-
tist; a gingival index (GI) > 0 and periodontal screening 
index (PSI) of 0–2 for oral health evaluation were required. 
The exclusion criteria were any signs of acute infection, 
fever, or antibiotic treatment 14 days prior to participation. 
This decision was made by pediatric nephrologists based on 
the clinical parameters and blood tests. Prior to participation 
in the study, written informed consent was obtained from 
the parents/legal guardians of young patients eligible for the 
study and if indicated, from the participants themselves.

Study measures

The age, sex, and gender of all the patients, as well as the 
underlying disease, time of diagnosis, dialysis (in years), 
treatment measures, and medication intake were evaluated. 
Swabs of the tongue were collected from each patient and 
from their mothers in this cross-sectional study to analyze 
and compare the oral microbiome. The main clinical param-
eters investigated in the patient group for determining oral 
inflammation were the Papillary Bleeding Index (PBI), 
Quigley–Hein Index (QHI), and Approximal Plaque Index 
(API). The dentition status was recorded in all the patients.

Microbiome sampling

Tongue swabs were obtained in the morning, and partic-
ipants were asked to refrain from brushing their teeth or 
using mouthwashes for 12 h before the sample was taken. 
Oral microbiome samples were collected from the posterior 
tongue dorsum using dry cotton swabs (Microbrush, Ger-
many), transferred to sterile 1.5-ml reaction tubes (Eppen-
dorf, Germany), and stored at −80 °C until use. Sampling 
was performed according to the protocol of Zaura et al. [20]. 
DNA was isolated using a QIAMP DNA Mini Kit (Qiagen, 
Germany) according to the manufacturer’s instructions. All 
extracted DNA samples were quantified using Qubit dsDNA 
kit (Thermo Fisher Scientific, MA, USA) and NanoDrop 

(Thermo Fisher Scientific, MA, USA) for sufficient quantity 
and quality of input DNA for 16S sequencing. Furthermore, 
amplicons were cleaned before library preparation using the 
NucleoMag NGS Clean-up (Macherey-Nagel, Germany).

16S rRNA gene sequencing

DNA samples were processed with the Ion 16S Metagen-
omics Kit (Thermo Fisher Scientific, Germany) using two 
primer pools, thereby amplifying seven of the nine hyper-
variable bacterial 16S rDNA regions (pool 1: V2, V4, and 
V8; pool 2: V3, V6/7, and V9). Amplicons were pooled and 
cleaned using the NucleoMag NGS Clean-up (Macherey-
Nagel, Germany), followed by library preparation using an 
Ion Plus Fragment Library Kit (Thermo Fisher Scientific, 
Germany). Metagenomic DNA libraries were sequenced 
on an Ion Torrent platform using S5 and S5 Prime devices 
(Thermo Fisher Scientific, Germany).

Raw data analysis

Primary data analysis was tailored to the generation of 
microbiome profiles from raw sequencing reads and per-
formed in the Qiime2 (2021.4 core distribution) environ-
ment. For read quality control, the nucleotides following 
sequences of three low-quality (PHRED score less than 20) 
base calls were eliminated, and only the read was retained 
in the analysis if at least 50% of the nucleotides remained 
after truncation. Thereafter, the residual sequences of library 
adapters (5′- ATC ACC GAC TGC CCA TAG AGA GGC TGA 
GAC -3′) were eliminated, requiring a minimum remain-
ing read length of 150 nucleotides. The reads were sub-
sequently subjected to denoising and dereplication using 
dada2 in denoise-pyro mode with parameters --p-trim-left 
20 and --p-trunc-len 0. The resulting representative ampli-
con sequences were then assigned to 99% sequence sim-
ilarity-clustered SILVA v138 taxonomies using vsearch 
with parameters --p-maxaccepts 25, --p-perc-identity 0.97, 
and --p-strand 'both'. SILVA v138 taxonomies that were 
restricted to the domain of bacteria and where species names 
did not contain “uncultured” or “metagenome.”

Bioinformatical analysis

Secondary data analysis involved bioinformatics and sta-
tistics to describe and visualize the microbiome dataset, 
which was performed in the R environment using diverse 
data science packages. For analysis at the phylum, genus, 
and species, postprocessing was limited to the exclusion 
of all reads that were assigned lower than the family level 
(assuming low-quality reads that did not reach the fam-
ily level). To analyze and describe the core operational 



 Clinical Oral Investigations (2024) 28:110110 Page 4 of 13

taxonomic units (OTUs) that were identified down to the 
species level, we applied more stringent postprocessing 
criteria: low relative abundance (f<2.5%) and rare spe-
cies (occurrence in less than 10 samples) were excluded 
from the analysis. To ensure saturation of the species-level 
microbiome profiles, we performed rarefaction analysis 
and excluded all the patients (and their corresponding 
mothers) who did not contain sufficient reads after post-
processing (Online Resource 1). We excluded five samples 
(CKD 30, CKD 32, Mother 30, Mother 31, and Mother 
32) that did not reach saturation. The sequencing depth 
of all other samples was sufficient to identify the bacterial 
community members of each individual microbiome at the 
species level and was therefore included in this analysis.

Radar plots were generated using R package ggradar. 
Alpha diversity was assessed using the Shannon diver-
sity index (− ∑ p × log2p) at the genus and species levels. 
For rarefaction analysis, we first calculated a blueprint 
profile containing the species averages across the study 
population; the rounded products of the target read depths 
using this blueprint were then utilized to calculate alpha 
diversities. Beta diversity, that is, the distance between the 
microbiome profiles, was determined using the weighted 
UniFrac method [21]. Differentially abundant taxa were 
determined using two-sided Welch two-sample t-tests on 
relative abundances; false discovery rates were calculated 
using the Benjamini-Hochberg method to correct for mul-
tiple testing. False discovery rates (FDR) < 0.05 were con-
sidered significant.

Data availability

Sequencing data and sample metadata are available at the 
Sequence Read Archive (https:// www. ncbi. nlm. nih. gov/ sra) 
under accession number PRJNA938485.

Results

Description of the study population

Thirty participants with CKD were enrolled. Sixteen 
male and 14 female participants between 6 and 25 years 
of age (mean ± standard deviation [SD]; 14.2±5.2) were 
included in the study; we included 9 patients ≥ 18 years 
who were still undergoing pediatric nephrology treatment 
(transitional phase). The patients were in a physically and/
or mentally retarded condition at this time and definitely 
benefited from pediatric care, despite being chronologi-
cally adult. This individual relevance of prolongation of 
the transitional phase beyond the age of 18 is described by 
the professional society for transitional medicine. In our 

study, 13 and 17 participants were in the mixed and per-
manent dentition phase, respectively. The primary diseases 
of the patients were as follows: congenital anomalies of 
the kidney and urinary tract (CAKUT), 11; glomerulopa-
thy, 9; ciliopathy, 7; systemic disease, 1; and other dis-
eases, 2. The patients underwent the following therapies: 
conservative, 7; dialysis, 2; and transplant, 21.

Table 1  Baseline demographic and clinical characteristics of the 
study group

CAKUT congenital anomalies of the kidney and urinary tract, charac-
teristics for categorical variables are presented as n counts and (per-
centage); continuous variables as mean ± standard deviation (SD)

Total (n=30)

Sex
 Males 16 (53.3%)
 Females 14 (46.7%)
Age in years
 Mean ± SD 14.2±5.2
 Range 6-26
DMFT/dmft
 Mean ± SD 0.6±1
PBI
 Mean ± SD 1.1±0.7
QHI
 Mean ± SD 2.5±0.9
API
 Mean ± SD 90±18.9
Dentition
 Mixed 13 (43.3%)
 Permanent 17 (56.7%)
Primary disease
 CAKUT 11 (36.7%)
 Glomerulopathy 9 (30%)
 Ciliopathy 7 (23.3%)
 Systemic disease 1 (3.3%)
 Renovascular 0 (0%)
 Others 2 (6.7%)
Therapy
 Conservative 7 (23.3%)
 Dialysis 2 (6.7%)
 Post-transplant 21 (70%)
Duration of CKD disease in years
 (mean (max))

11 (max 22)

Dialysis Duration (years) 2 patients 1 and 6
Medication
 Immunosuppression 22 (73.3%)
 Including cyclosporin 5 (16.7%)
 Amlodipine 17 (56.7%)
 Ramipril 11 (36.7%)
 Amlodipine + ramipril 4 (13.3%)

https://www.ncbi.nlm.nih.gov/sra
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In our study group, the mean disease duration was 11 
years (range, 1–22 years). Only 2 of the 30 patients (6.7%) 
underwent dialysis for 1 and 6 years, respectively (Table 1).

In addition to the 30 young participants with kidney dis-
ease, the mothers of the enrolled patients were offered a 
tongue swab to participate in the microbiome analysis as 
controls. Twenty-one mothers agreed to participate in the 
study and provided consent. The mothers had no recorded 
history of chronic diseases, especially CKD. All the 21 par-
ticipating controls underwent regular dental checkups with 
their dentists and were not diagnosed with periodontitis 
and asked about their oral health history. Anamenestically, 
there was no evidence of oral/mental disease entities in any 
mother. The mean age of the mothers was 41 years (mean 
± SD; 40.8±6.5). The baseline demographic and clinical 
characteristics of the study groups are presented in Table 1.

Intraoral findings

The enrolled participants showed generalized gingivitis 
(mean PBI score ± SD; 1.1±0.7), which was present at all 
sites, both buccal and lingual mucosa; however, the caries 
experience was low with the Decayed, Missing, and Filled 
permanent/or deciduous Teeth (DMFT/dmft) value (mean± 
SD; 0.6±1) being predominantly filled teeth. The measured 
biofilm values on the buccal and lingual sides according to 
QHI (mean ± SD; 2.5±0.9) showed a relevant amount of 
plaque.

Microbiome analysis

First, the sequencing data of 30 patients in the CKD group 
and 21 healthy mothers in the control group were analyzed 
and compared to describe the microbiome characteristics 
of the tongue at the phylum and genus levels. The bacterial 
taxonomic composition revealed 12 different phyla in the 
study group. Of these, only five (core) phyla (Firmicutes, 
Proteobacteria, Bacteroidota, Actinobacteria, Fusobacte-
ria) were present with > 1% on average and accounted for 
over 98% in the study group as well as in the control group 
(Online Resource 2).

Comparing both groups at the phylum level, the percent-
age of Proteobacteria was significantly higher in the CKD 
group (23.65 ± 15.5% vs. 12.1% ± 10.5%, FDR=0.037) 
(Fig. 1A and Online Resource 2).

Next, samples were analyzed at the genus level. Without 
further postprocessing, we found 210 genera in our data set, 
of which 61 genera (29% of all genera) were found exclu-
sively in the control group. These 61 genera were present 
in very small quantities collectively accounting for only 
0.02% of the control group (Online Resource 3); hence, the 
impact on genus-level diversity was small, and accordingly 
diversities did not vary between the patients and controls (p 

> 0.05). All the genera with a mean relative abundance of 
at least 0.5% in the samples (n=20 core genera) were con-
sidered separately and compared between the two groups 
(Fig. 1B); these 20 most abundant genera accounted for 
90.8% of the study group and 90.7% of the control group. In 
the group of children with CKD, Streptococcus spp. (28.4% 
± 16.5%) were the most abundant genera followed by Neis-
seria spp. (15.9% ± 11.3%) and Prevotella spp. (12.4% ± 
10.2%). No statistically significant difference was found in 
the relative abundance of genera between the two groups 
(corrected FDRs>0.05, Online Resource 3).

We found 282 species in our dataset. Statistically, there 
was no difference in the relative abundance of species 
between patients and controls (FDR>0.05 for all species) in 
the raw analysis (see Supplementary Table 3).

Alpha diversity and richness at species and genus level

There was no difference in the richness between the two 
groups at genus level (mothers 47.38 ± 27.09 vs. patients 
49.57 ± 18.9, p=0.75) and at species level (mothers 64.86 ± 
35.63 vs. patients 71.13 ± 28.25, p=0.51) (Fig. 2A/B). The 
alpha diversity of the studied patients in comparison to the 
maternal control group also appears similar (estimated by 
the Shannon Index—compare Fig. 3, two-sided two-sample 
t-test p-value=0.2521/0.2747 (species level/genus level) 
(Fig. 2C/D)).

For further and more specific analysis, we had a closer 
look at the core microbiome (low abundant (f<2.5%) and 
rare species (occurrence in less than 10 samples) were 
excluded from analysis)

Analysis of the core OTUs at a species level

In the patients and healthy mothers, we identified 12 core 
OTUs at the species level. These accounted for an average of 
38.8% (± 11%) of the reads per sample (compared with the 
OTUs that were assigned at the phylum/genus level). Mean 
relative abundances per group of taxa down to the species 
level are visualized as a Krona graph in Fig. 3.

Streptococcus salivarius (patients with CKD, 23.72 ± 
19.99; healthy mothers, 27.98 ± 20.5), Neisseria menin-
gitidis (21.17 ± 16.5; 9.87 ± 9.48), and Prevotella melanino-
genica (20.22 ± 13.86; 19.55 ± 15.16) were the three most 
abundant species. When comparing the relative abundance 
of the different species, we found that the relative abun-
dance of Neisseria meningitidis was significantly increased 
in the patients with CKD (21.17% ± 16.5 vs. 9.87% ± 9.48, 
FDR=0.0308), whereas the relative abundance of S. para-
sanguinis was significantly decreased (2.24% ± 2.77 vs. 7.54 
± 5.27, FDR=0.008) (Table 2).
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For a more conclusive insight, we examined the beta 
diversity of the study patients and their mothers (Fig. 4A). 
This revealed that the inter-individual variation was 
greater than the differences between healthy individu-
als and those with CKD. Likewise, visualization of mean 
relative abundances as a radar chart (Fig. 4B) revealed a 
high degree of overlap in the covered areas, emphasizing 
the similarity of the microbial communities in our study 
groups.

Impact of the patients’ age on microbial community 
composition

Furthermore, we analyzed whether the age of the patients 
with CKD has an impact on the microbial community 
composition; we investigated beta diversities between 

patients and their mothers and focused on their changes 
with patient age. Although not statistically significant, 
trends in certain age ranges prompted further investiga-
tion (Fig. 5A).

In the second step, we analyzed the relative abundance 
differences of each core species between patients and their 
mothers for changes with patient age (Fig. 5B). We observed 
that the relative abundance of Fusobacterium periodonticum, 
Haemophilus parainfluenzae, S. parasanguinis, Actinomy-
ces graevenitzi, Porphyromonas pasteri, Veillonella atypica, 
Gemella haemolysans, and Veillonella parvula remained stable 
with age.

The within-family differences in the relative abundance of 
Neisseria meningitidis, Prevotella melaninogenica, Rothia 
mucilaginosa, and Streptococcus salivarius showed greater 
variability with age than the other detected bacterial species.

Fig. 1  A/B Differences in the 
core microbiome of patients 
with chronic kidney disease 
(CKD) (n=30) and healthy 
mothers (n=21) at the phylum 
(A) and genus (B) levels. A 
At the phylum level, Proteo-
bacteria were significantly 
enriched in patients with CKD 
(FDR=0.037) (see also Online 
Resource 2). B At the genus 
level, no statistically significant 
differences were found between 
patients with CKD and the 
healthy control group (see also 
Online Resource 2)
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Discussion

The present study aimed to investigate whether the tongue 
microbiomes of children, adolescents, and young adults 

show measurable alterations compared with a control 
group. Among the present study participants, the compo-
sition of the microbiome at the phylum and genus levels 
was similar to that of their healthy mothers. Nevertheless, 

Fig. 2  Comparison of richness (A/B) and alpha diversity (Shannon diversity Index) (C/D) at genus and at species level

Fig. 3  The Krona graph showing the relative abundance of patients with chronic kidney disease (CKD) and healthy mothers (control group)
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Fig. 4  A/B Beta diversities (A) and mean relative abundances (B) of 
the core species. A Two-dimensional visualization of the beta diversi-
ties. Weighted UniFrac distances were determined on relative abun-
dances of the core species. The degree of overlap between the groups/
point clouds represents the similarity of the microbiome profiles 

between the groups. B The radar plot shows average relative abun-
dances [%] of core species in the study groups; the degree of over-
lap of the covered areas represents the similarity of the core species 
detected in the groups

Fig. 5  A/B Visualization of the differences in microbial composition 
and bacterial relative abundance between patients with chronic kid-
ney disease (CKD) and their mothers by patients’ age. A UniFrac dis-
tances from patients with CKD to their respective mothers. No clear 

non-horizontal line outside the confidence interval can be detected, 
indicating that the UniFrac distances are independent of age. B Dif-
ferences in the bacterial relative abundance between patients with 
CKD and their mothers according to age
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the relative abundance of proteobacteria was significantly 
higher in the study group. However, no differences in the 
alpha diversity of the tongue microbiome were observed 
compared with their mothers. Differences in the relative 
abundance of core OTUs at the species level between rela-
tive pairs were found in species with documented dietary 
dependence (i.e., streptococci) and in species that are 
known to be age-related rather than disease-related (N. 
meningitidis). Moreover, the distance between the com-
positions of microbial communities in young patients and 
their mothers was independent of the patient’s age.

The tongue microbiome represents a consistent and con-
served microbiome within the oral cavity [6] and constitutes 
a large surface area containing a high biofilm biomass that 
is subjected to bacterial shedding and cellular desquama-
tion [22].

We used healthy mothers from the same household 
as controls, as it is known, that strain-sharing of the oral 
microbiome is affected more by cohabitation than by age 
or genetics. In particular, the mother-to-infant microbiome 
transmission is considerable and stable during infancy and 
even remain detectable at older ages [18].

In 2017, Hall et  al. analyzed the core oral microbi-
ome (dental, tongue, and salivary samples) of ten healthy 
patients, including all the OTUs that were present in ≥95% 
of all the collected samples [23] and found five predominant 
phyla: Actinobacteria, Bacteroidetes, Firmicutes, Fusobac-
terium, and Proteobacteria. This was identical to our data, 
since approximately 98% of all OTUs in our study group as 
well as in our control group belonged to these five phyla. 
Even in the oral microbiome of a Chinese patients with CKD 
and in their healthy controls described by Guo et al., Act-
inobacteria, Bacteroidetes, Firmicutes, Fusobacterium, and 
Proteobacteria were the most predominant phyla in the oral 
microbiome (Guo, 2022), as well as in healthy children, sug-
gesting high phylum-level cognition [24, 25].

Even at the genus level, the core microbiome seems to be 
very consistent, and the core genera described by Hall et al. 
(Streptococcus, Fusobacterium, Haemophilus, Neisseria, 
Prevotella, and Rothia) were also found to be predominant 
in our dataset (Fig. 1B); however, we did not find any sta-
tistically significant differences in the relative abundance of 
the genera when comparing young patients with CKD and 
their healthy mothers. Thus, the present data confirm a high 
similarity between young patients with CKD and healthy 
individuals. A direct comparison of our patient popula-
tion with a historical control group of healthy children [26] 
shows high similarity at the genus level (see Supplementary 
Table 4). Differences at the species level cannot be meaning-
fully evaluated because different databases were used in the 
different trials. Despite this limitation, we have not identified 
differences between the tongue microbiome of young CKD 

patients and that of young healthy children at species level. 
No changes were observed within the disease period

We have refrained from discussing the core microbiome 
at the species level because the OTU classification at the 
species level is highly dependent on the bioinformatic pipe-
line, especially on the database used for OTU assignment, 
which differ between our study and the mentioned studies.

According to the literature, both exogenous and endog-
enous factors influence the human microbiome. Thus, an 
imbalanced human microbiome is associated with CKD, 
not only due to CKD-associated factors, such as uremia, 
increased inflammation, and immunosuppression, but also 
due to pharmacological therapies and dietary restrictions 
[3]. These influences on imbalance have been predominantly 
described in adult patients with CKD and their gut microbi-
ome [3]. Limited data are available on the oral microbiome 
of children, adolescents, and young adults with CKD. More-
over, a comparable study on the relationship between CKD 
and the oral microbiome in adult patients was conducted 
using pharyngeal swabs [27]. According to Guo et al., the 
microbial diversity of patients with CKD is higher than that 
of healthy controls. Thus, potential oral microbial markers 
have been identified as non-invasive tools for CKD diagno-
sis [27]. In contrast, no impact of CKD on the imbalance 
in the tongue microbiome could be detected in the young 
patients with CKD. In principle, changes in the microbiome 
of patients with CKD seem to correlate with the duration 
of dialysis [3]. In this study population, the mean dura-
tion of CKD was 11 years but only two of the 30 patients 
underwent dialysis (with a maximum of 6 years). Despite 
the relevant duration of disease, a deviation of the tongue 
microbiome in comparison to that of their mothers could not 
be detected. Therefore, the duration of dialysis seems to be 
of more importance.

In general, our study group seems to be clinically repre-
sentative, since low caries prevalence and generalized gin-
givitis were consistent with that of other reports [28]. Sev-
eral hypotheses exist regarding how an increased incidence 
of gingivitis could arise in CKD. Besides an altered tissue 
response as a result of immunosuppression and uremia, an 
inflammatory response to plaque and calculus accumula-
tion was more frequently reported in studies of patients with 
CKD [29]. Limited research has been conducted on whether 
an altered microbiota composition results in an increased 
prevalence of gingivitis.

The tongue microbiome could be the reservoir for gin-
givitis flora and that the number of gingivitis species in 
the tongue microbiome is lower in healthy patients than in 
patients with periodontitis and gingivitis [30].

Overall, five of the 30 typical (most abundant) gingivi-
tis species germs (Abusleme et al., 2021) were detected in 
the tongue microbiome of our study group: Fusobacterium 
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periodonticum, Prevotella melaninogenica, Veillonella par-
vula, Porphyromonas pasteri, Haemophilus parainfluenzae. 
Compared to healthy individuals, gingivitis communities are 
enriched primarily with gram-negative anaerobic species, 
although oxygen consumers, such as Neisseria spp. and 
Streptococcus spp., are also among the enriched taxa [30].

Community alpha diversity, which is a measure of the 
number of species (richness) and their distribution (even-
ness), did not differ between healthy individuals and those 
with periodontitis; however, it was higher in gingivitis 
[30]. In contrast to the tongue microbiome, the subgingi-
val microbiome revealed that both richness and diversity 
increase during gingivitis, while richness remains high 
during periodontitis because no species are lost during the 
shift, some species appear to become dominant (i.e., their 
proportion increases) in the periodontitis-associated commu-
nities, thereby increasing the uniformity of the community 
and decreasing the overall diversity compared to gingivitis. 
In our study, no differences in the alpha diversity or rich-
ness were identified between the study and control groups. 
Our patient sample is representative of patients with CKD, 
as gingivitis has also been described by other authors [27]. 
However, in comparison to the mothers, we noticed that N. 
meningitidis and S. salivarius/parasanguinis were differ-
ent. N. meningitidis was detected more frequently in young 
study patients than in mothers, whereas S. parasanguinis 
was detected more frequently in mothers.

We assume that this effect was not due to disease versus 
health, but possibly indicates an age effect of the oral micro-
biome probably. According to current studies, prevalence 
of N. meningitidis (assessed by cultural methods) increased 
through childhood from 4.5% in infants to a peak of 23.7% 
in 19-year-olds and subsequently decreased in adulthood to 
7.8% in 50-year-olds [31]. This is consistent with our data, 
which showed significantly higher levels of N. meningitidis 
in the sample of young patients with CKD (mean age, 14; 
N. meningitidis, 21.2%) compared to healthy mothers (mean 
age, 41; N. meningitidis 9.9%).

Recent studies on the microbial ecology of the oral cavity 
have demonstrated that S. parasanguinis, S. infantis, S. aus-
tralis, S. rubneri, and S. salivarius are among the specialists 
of the tongue dorsum, and S. parasanguinis, Streptococcus 
australis, and S. salivarius are the most abundant species on 
the dorsum of the tongue [32]. S. parasanguinis is a com-
mensal gram-positive bacterium, which is considered a pri-
mary colonizer of the human oral cavity and is involved in 
the formation of dental plaque [33]. In addition, it appears 
to be an antagonist of periodontal pathogens but has the 
lowest inhibitory potential of all inhibitory species [34]. 
Previous studies have reported that sucrose phases, in par-
ticular, are characterized by a significant increase in the rela-
tive abundance of streptococci, including S. parasanguinis. 
Consequently, the higher frequency of S. parasanguinis in 

the mothers could be explained by a higher carbohydrate 
consumption compared to the diet-controlled nutrition of 
patients with CKD. Interestingly, patients with CKD had 
nearly no carious lesions, which seems to support this 
hypothesis.

Limitations

The originally intended control of healthy siblings could not 
be included and should be planned for a follow-up study. The 
mothers did not undergo a clinical examination; therefore, 
no information regarding the local inflammation (PBI, QHI) 
in the oral cavity could be provided. The information on oral 
health was recorded on the medical history of the moth-
ers. We assumed that the mothers had a normal gingivitis 
prevalence comparable to that of historical controls [35]. 
The study included a heterogeneous age of the study patients 
(6–25 years), no fecal samples were obtained to compare the 
intestinal microbiome, and a small number of patients were 
included to generalize or perform a subgroup analysis. This 
study could be underpowered and should be evaluated in the 
context of rare diseases [36]. These limitations should be 
considered for a more detailed plan and hypothesis genera-
tion for future studies.

Conclusions

For young patients with CKD and generalized gingivitis, 
the following conclusions were drawn with respect to the 
tongue microbiome. (1) No differences in alpha diversity 
of the tongue microbiome compared to their mothers were 
observed (p > 0.05). The composition of the core microbi-
ome was similar to that of healthy mothers and historically 
healthy controls. (2) The distance between the composition 
of microbial communities in young patients and their moth-
ers is independent of the patient’s age. Differences in relative 
abundance between relative pairs were found in species with 
documented dietary restrictions and age-dependence. (3) 
With a mean disease duration of 11 years and a maximum 
of 22 years, no significant differences were observed. Dura-
tion of dialysis might be responsible for alterations in the 
microbiome. In conclusion, CKD and its metabolic changes 
have no detectable impact on the stable tongue microbiome 
observed in young patients. Compared to documented his-
torical controls, young CKD patients do not present dramatic 
changes in the tongue microbiome (at species level).
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