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1  |  INTRODUC TION

Burning mouth syndrome (BMS) is a chronic orofacial pain disor-
der characterized as an intraoral burning sensation that cannot be 
attributed to any identifiable local or systemic condition or dis-
ease ("International Classification of Orofacial Pain, 1st edition 
(ICOP)", 2020). As a representative chronic orofacial pain disorder, 
BMS commonly affects menopausal or postmenopausal females 
with unclear etiology (Bender, 2018; Khawaja et al., 2023). Previous 
theories of BMS pathogenesis include concomitant symptoms of 
taste and sensory system interactions, dysregulation of estrogen 

levels, dysregulation of steroid levels, and nervous system dysfunc-
tion (Bender, 2018; Teruel & Patel, 2019). In the past two decades, 
studies have indicated the presence of central or peripheral neuropa-
thy among patients with BMS,  suggesting the potential neuropatho-
logical mechanisms (Hagelberg et al., 2003; Jääskeläinen et al., 2014; 
Lauria, 2005; Yilmaz et al., 2007). However, the pathophysiology of 
BMS has not been fully elucidated, posing a challenge for clinicians 
in the diagnosis and management of BMS patients.

It has been demonstrated that various chronic pain disorders, 
such as fibromyalgia, migraine headaches, and chronic fatigue 
syndrome, presented notable changes in microbiota composition 
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Abstract
Objectives: Burning mouth syndrome (BMS) is a chronic orofacial pain disorder with 
unclear etiology, in which the tongue is most commonly affected. This study aims 
to provide implication of the possible relationship between oral microbiota and the 
pathogenesis of BMS.
Materials and Methods: Saliva and tongue swabs of 15 primary BMS patients and 10 
healthy controls were collected and assessed by 16S rRNA gene amplicon sequenc-
ing. The microbiota compositions were compared and bioinformatic analysis was 
conducted.
Results: Differences in microbiota compositions between BMS patients and healthy 
controls were revealed in both saliva and tongue samples. In saliva, Streptococcus, 
Rothia, and Neisseria were the predominant genus at the taxonomic level in BMS pa-
tients. In tongue samples, Prevotella, Streptococcus, and Neisseria were the dominant 
genus at the taxonomic level in BMS patients. LEfSe analysis and linear discriminant 
analysis score showed that Actinobacteria were the predominant phylum in saliva, and 
Selenomonas were enriched in the dorsum of the tongue of BMS patients.
Conclusions: This study for the first- time reported saliva and tongue microbiota 
profiles were distinguished from that of healthy controls, indicating a necessity for 
further research on the possible relationship between oral microbes and the patho-
genesis of BMS.
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(Arzani, et al., 2020; König et al., 2022; Minerbi et al., 2019; West & 
McVey Neufeld, 2021). Minerbi et al. (2019) reported that the gut mi-
crobiota composition in fibromyalgia patients differed from that of 
healthy controls, displaying reduced abundance of Faecalibacterium 
prausnitzii, which correlated with elevated serum butyric acid levels 
in fibromyalgia patients (Minerbi et al., 2019). In addition, bacteria 
can activate nociceptors through their components and metabo-
lites, including lipopolysaccharides, N- formyl peptides, and pore- 
forming toxins, which activate transient receptor potential vanilloid 
1 (TRPV1) ion channels or other receptors expressed on nocicep-
tors that induce pain (Staurengo- Ferrari et al., 2022). Thus, note-
worthy interactions exist between the microbiota and chronic pain.

To date, evidence about the role of oral microbiome in different oral 
habitats among BMS patients in BMS pathogenesis remains inadequate. 
Only one study from Korea has focused on the oral microbiome of BMS 
patients, revealing a significant reduction in the α diversity index and 
saliva Streptococcus, Rothia, Bergeyella, and Granulicatellagenus bacteria 
were predominant in BMS patients (Lee et al., 2022). To gain further 
insights into the role of the oral microbiome in the pathogenesis of BMS, 
this study compared the microbiota composition of saliva and tongue 
between patients with BMS and healthy controls.

2  |  MATERIAL S AND METHODS

2.1  |  Study design and ethics approval

This comparative study was conducted in the Department of Oral 
Medicine of Peking University School and Hospital of Stomatology, 
and was approved by the Ethics Committee of the institute 
(PKUSSIRB- 202059167). Prior to the commencement of the study, 
written consent was acquired from all patients, after being fully in-
formed of the research aim and procedure.

2.2  |  Study populations

Fifteen patients diagnosed with primary BMS at the Department of 
Oral Medicine, Peking University School and Hospital of Stomatology 
were enrolled in this study from January 2021 to June 2023. BMS 
patients inclusion criteria in this study were: (1) ≥18 years of age. (2) 
The diagnosis of primary BMS was confirmed by more than two ex-
perienced oral mucosal specialists and based on diagnostic criteria 
of IASP and ICOP ("International Classification of Orofacial Pain, 1st 
edition (ICOP)", 2020; IASP, 2016) and all subjects experienced burn-
ing sensations on the dorsum of the tongue or the dorsum of the 
tongue plus other areas of the oral mucosa. (3) Laboratory results 
confirmed the exclusion of other disease conditions that could cause 
the burning mouth symptom (e.g., anemia, gastroesophageal reflux 
disease, oral candidiasis, and hypothyroidism). Exclusion criteria 
were as follows: (1) Subjects had received antibiotic treatment, local 
therapeutic medicine, angiotensin- converting- enzyme inhibitors 
within the previous 2 months. (2) Subjects have the habit of smoking. 

(3) Subjects had difficulties with communication or refuse to join the 
clinical follow- up. (4) Subjects scored >1 on the Simplified Calculus 
Index (CI- S) (Greene & Vermillion, 1964), periodontal depth ≥4 mm, 
with untreated pulp disease or periapical problem. (5) Subjects had 
other oral mucosal diseases. (6) Subjects had autoimmune diseases 
(7) Subjects had systemic diseases that influenced microbiota (e.g., 
inflammatory bowel disease, irritable bowel syndrome, colorectal 
cancer). (8) Female subjects in pregnancy or lactation. Ten healthy 
controls matched with BMS patients in age, gender, general health, 
periodontal condition, and medication intake, including nine females 
and one male, were recruited from the Department of Oral Medicine 
between January 2021 and June 2023. The exclusion criteria were 
the same as that for BMS patients with those factors affecting mi-
crobiota composition strictly defined to eliminate the confounders.

The demographic features including gender and age were re-
corded. The clinical examination encompasses a comprehensive eval-
uation of the oral mucosa and dentition through both visual inspection 
and palpation to identify and document any abnormalities. The static 
saliva flow rate of BMS patients and healthy controls were collected.

2.3  |  Sampling and storage of saliva and 
tongue samples

Following the established techniques outlined by Navazesh (1993), 
aseptic conical tubes were used to collect at least of 5 mL unstimu-
lated whole saliva from each subject between 8:00 a.m. and 11:00 a.m. 
Subjects were instructed to abstain from food and drink for a minimum 
of 2 h prior to sample collection. Moreover, prior to sample collec-
tion, subjects were instructed not to take any oral hygiene measures. 
Tongue dorsum samples were taken from patients with BMS where 
the area of burning mouth symptom was present and the correspond-
ing region of healthy controls. Tongue dorsal samples were collected 
by a well- trained dentist. After the subjects gently rinsed their mouths 
with sterile distilled water, tongue samples were taken by rotating a 
sterile cotton swab on the dorsum of the tongue from one side to the 
other side in an imbricated shape 10 times and stored in an aseptic 
tube containing phosphate buffer solution (Lu et al., 2022). All samples 
were instantly stored at −80°C before further processing.

2.4  |  DNA extraction from samples and 16S rRNA 
gene amplicon sequencing

Total genomic DNA samples were extracted using the OMEGA Soil 
DNA Kit (M5635- 02) (Omega Bio- Tek, Norcross, GA, USA), follow-
ing the manufacturer's instructions, and stored at −20°C prior to 
further analysis. The quantity and quality of extracted DNAs were 
measured using a NanoDrop NC2000 spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA) and agarose gel electropho-
resis, respectively. PCR amplification of the bacterial 16S rRNA 
genes V3–V4 region was performed using the forward primer 338F 
(5′- ACTCCTACGGGAGGCAGCA- 3′) and the reverse primer 806R 
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(5′GGACTACHVGGGTWTCTAAT- 3′). Sample- specific 7- bp barcodes 
were incorporated into the primers for multiplex sequencing. PCR 
amplicons were purified with Vazyme VAHTSTM DNA Clean Beads 
(Vazyme, Nanjing, China) and quantified using the Quant- iT PicoGreen 
dsDNA Assay Kit (Invitrogen, Carlsbad, CA, USA). After the individual 
quantification step, amplicons were pooled in equal amounts, and 
pair- end 2 × 250 bp sequencing was performed using the Illlumina 
nova seq6000 at Bioyi Biotechnology Co., Ltd. Wuhan, China.

2.5  |  Statistical analysis

Microbiome bioinformatics were performed with QIIME2 2019.4 
(Bolyen et al., 2019). Sequences were quality filtered, denoised, 
merged, and chimera removed using the DADA2 plugin (Callahan 
et al., 2016). Non- singleton amplicon sequence variants (ASVs) were 
aligned with mafft (Katoh et al., 2002) and used to construct a phy-
logeny with fasttree2 (Price et al., 2009). Taxonomy was assigned 
to ASVs using the classify- sklearn naïve Bayes taxonomy classifier 
in feature- classifier plugin (Bokulich et al., 2018) against the SILVA 
Release 132 Database (Kõljalg et al., 2013). The description of nu-
merical variables by mean (±SD) and range, and frequency and 
percentage were used to describe categorical variables. Sequence 
data analyses were mainly performed using QIIME2 and R packages 
(v3.2.0). ASV- level alpha diversity indices were calculated using 
the ASV table in QIIME2, and visualized as box plots. Beta diver-
sity analysis was performed to investigate the structural variation 
of microbial communities across samples using Jaccard (1908) met-
rics, Bray- Curtis metrics (Bray & Curtis, 1957) and UniFrac distance 
metrics (Lozupone et al., 2007; Lozupone & Knight, 2005) and visu-
alized via principal coordinate analysis (PCoA). Linear discriminant 
analysis effect size (LEfSe) and linear discriminant analysis (LDA) 
score was performed to detect differentially abundant taxa across 
groups using the default parameters (Segata et al., 2011). Numerical 
variables are reported as mean ± SD, and categorical variables are 
reported as frequency and percentage. The chi- squared tests and 
Student's t- test were used to verify differences between groups. 
p < 0.05 was considered with statistical significance.

3  |  RESULTS

3.1  |  Demographic characteristics and review of 
symptoms

The study population consisted of 25 subjects, including 15 patients 
with BMS and 10 healthy controls. Only one male participant was pre-
sent in both BMS patients and healthy controls, while all the remaining 
participants were female. The demographic characteristics of patients 
were shown in Table 1. There were no significant differences in gender 
and age found between BMS patients and healthy controls (χ2 = 0.000, 
p = 1.000; p = 0.636). Although 5/15 BMS patients reported experienc-
ing dry mouth, their unstimulated saliva flow rates were in the normal 
range and no statistical difference in salivary flow rates was found be-
tween the BMS patients and healthy controls (p = 0.090).

3.2  |  Overall sequencing results

A total of 9,608,682 sequencing reads were obtained from saliva 
and tongue samples. The rarefaction curve (Figure S1) shows that 
sequencing data from the study population, including saliva and 
tongue samples, were reasonable and could reflect the vast majority 
of microbial information in the sample. After applying quality filters 
and detecting chimeric sequences, 5,656,001 unique amplicon se-
quence variants (ASVs) were obtained. The relative abundance of 
ASVs was obtained using QIIME2 software version 2019.4 through 
rarefaction, and taxonomic richness at each level was calculated for 
different samples (Figure S2).

3.3  |  Abundance of oral microbial taxa from 
saliva and tongue samples between BMS patients and 
healthy controls

In regard to the composition of oral microbiota including saliva and 
tongue samples in both BMS patients and healthy controls, the 
relative abundance of each sample was calculated and plotted at 

Characteristics BMS patients Healthy controls Total

Cases (n) 15 10 25

Gender

Male 1 1 2

Female 14 9 23

Age (year)

Mean ± SD 56.80 ± 8.42 55.30 ± 6.31 56.20 ± 7.54

<50 3 2 5

≥50 12 8 20

Salivary flow rate (mL/min)

Mean ± SD 0.43 ± 0.14 0.50 ± 0.05 0.46 ± 0.11

Abbreviations: BMS, burning mouth syndrome.

TA B L E  1  Demographic characteristics 
and review of symptoms of the burning 
mouth syndrome patients and healthy 
controls.

 16010825, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/odi.14934 by Icgeb, W

iley O
nline L

ibrary on [01/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



4  |    WU et al.

phylum and genus level. Figure 1a,b illustrates that the average rel-
ative abundance of the top 10 taxa with the highest discrepancies 
between the BMS patients and healthy controls in saliva samples 
at phylum and genus levels. Evidently, the phylum Actinobacteria 
exhibited a notable increase in BMS patients compared to the 
healthy controls, and the genus of Rothia and Schaalia displayed sig-
nificantly higher levels. In addition, Figure 1c,d showed the average 
relative abundance of the top 10 taxa with the highest differences 
between BMS patients and healthy controls samples from the 
tongue at phylum and genus levels. Proteobacteria were more abun-
dant in healthy controls than BMS patients, while Fusobacteria were 
more abundant in BMS patients at the phylum level. The abundance 
of leptotrichia and Prevotella was higher in BMS patients than that 
of the healthy controls, however, Neisseria and Porphyromonas were 
significantly more abundant in healthy controls at the phylum level.

3.4  |  Alpha diversity of oral microbiota in 
BMS patients

Saliva samples obtained from the BMS patients were compared with 
those from the healthy controls, revealing no significant differences in 
indexes of alpha diversity measures including Chao1, Faith- pd, Good's- 
coverage, Shannon, Simpson, Pielou- e, and observed species between 
the two groups (p = 0.7, 0.91, 0.78, 0.37, 0.62, 0.78, 0.54, respectively) 
(Figure 2a). In addition, indexes of alpha diversity including Chao1, 
Faith- pd, Good's- coverage, Shannon, Simpson, Pielou- e, and observed- 
species between the two groups (p = 0.41, 0.13, 0.37, 0.35, 0.24, 0.47, 

0.44, respectively) between the tongue samples from BMS patients and 
healthy controls showed no significant difference as well (Figure 2b).

3.5  |  Beta diversity of oral microbiota in 
BMS patients

To visualize microbial community differences between samples, beta 
diversity was assessed using PCoA and nonmetric multidimensional 
scaling (NMDS). PCoA (Figure 3) and NMDS (Figure S3) analysis by 
Bray- Curtis showed that samples from the BMS patients and healthy 
controls were observed to be unseparated in the NMDS1 and PCo1 
axes, indicating that there was no difference in oral microbial composi-
tion of samples including saliva and tongue between these two groups. 
Furthermore, the PERMANOVA test was used to evaluate the dissimilar-
ity of oral microbial composition of samples including saliva and tongue 
between the BMS patients and the healthy controls (Figure S4), and no 
significant disparities were observed (p = 0.362, 0.541, respectively).

3.6  |  Phylogenetic characteristics of Oral 
microbiota in BMS patients

LEfSe analysis and LDA score were used to indicate the differences 
in oral microbiota including saliva and the dorsum of the tongue 
samples from BMS patients and healthy controls. Firstly, 12 dis-
criminative taxa for the BMS patients and four taxa for the healthy 
controls were identified in saliva samples (Figure 4a). The cladogram 

F I G U R E  1  Composition and comparison of the oral microbiota in BMS patients and healthy controls. Saliva samples in BMS patients and 
healthy controls at the phylum level (a) and genus level (b). The dorsum of the tongue samples in BMS patients and healthy controls at the 
phylum level (c) and (d) genus level. BMS, burning mouth syndrome.

 16010825, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/odi.14934 by Icgeb, W

iley O
nline L

ibrary on [01/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense
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in Figure 4b graphically displays the phylogenetic distribution of 
oral microbiota associated with BMS patients and healthy con-
trols. Notably, Actinomycetes exhibited dominance in saliva samples 
of BMS patients, with significant abundance observed in multiple 
taxonomic levels including phylum, class, order, family, and genus, 
as compared to the healthy controls. In addition, genuses Schaalia, 
Corynebacterium, Kocurria, Scardovia, and Ottowia were more abun-
dant in the BMS group, while genuses Gemella, family Enterobacter 
and order Bacillales were more abundant in the healthy controls. 
Moreover, five discriminative taxa for the BMS patients and one 
taxon for the healthy controls were identified in tongue samples, and 
the difference between the two groups was statistically noteworthy 

(Figure 4c). Meanwhile, the cladogram graphically displays the 
phylogenetic distribution of BMS patients and healthy controls 
(Figure 4d). Genus of Selenomonas were more abundant in BMS pa-
tients, while genus Enterobacter was more abundant in the healthy 
controls. The LDA score and the p- value were shown in Table S1.

4  |  DISCUSSION

As a representative chronic orofacial pain disorder, BMS affects 
the oral mucosa with unknown etiology and a prolonged course of 
disease. Currently, despite the abundant research efforts into the 

F I G U R E  2  Alpha diversity indexes of oral microbiota from BMS patients and healthy controls. (a) The saliva samples and (b) the dorsum of 
the tongue samples. BMS, burning mouth syndrome.

F I G U R E  3  Beta diversity of oral microbiota from BMS patients and healthy controls were measured by principal coordinate analysis 
(PCoA). (a) The saliva samples and (b) the dorsum of the tongue samples. BMS, burning mouth syndrome.
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pathogenesis of BMS, a conclusive consensus remains elusive. This 
study showed that saliva and tongue microbiota of BMS patients 
differed in composition from those of healthy controls, providing a 
potential clue for further microbial- related investigations.

The oral microbiome is one of the most diverse microbial com-
munities in the human body, harboring varied oral ecological niches 
(tongue, cheek, hard and soft palates, tooth surfaces, and gingival 
sulcus) that characterized by unique and distinct microbial communi-
ties (Verma et al., 2018). Hence, selecting appropriate sampling loca-
tions is vital in elucidating characteristics and exploring pathological 
mechanisms of the oral microbiota in various oral diseases. Due to 
BMS is a chronic pain disorder that affects the oral mucosa, par-
ticularly on the dorsum of the tongue (Bender, 2018; "International 
Classification of Orofacial Pain, 1st edition (ICOP)", 2020), it is cru-
cial to investigate the differences in microbiota within saliva and 
tongue between BMS patients and healthy individuals and thus to 
unravel the possible pathological correlations.

In this study, the relative abundance of oral microbial taxa was 
distinct in BMS patients compared with the healthy controls. It 
was found that in saliva samples, Streptococcus, Rothia, Neisseria, 

Schaalia, and Prevotella were the dominant genus in BMS patients. 
The prevalence of Rothia in the saliva of patients with BMS was 
significantly higher than that of healthy controls at the taxonomic 
level. As for the tongue, Prevotella, Streptococcus, Neisseria, Rothia 
and Veillonella were the dominant genus in the BMS patients, while 
Neisseria, Prevotella, Streptococcus, Haemophilus, and Veillonella were 
more common in the healthy controls. Furthermore, LEfSe test iden-
tified discriminative taxa for the BMS patient and control group. 
These findings demonstrated the correlation and differentiation of 
the oral microbiota in patients with BMS, elucidating a potential role 
of the oral microbiota in the pathogenesis of this condition.

A noteworthy elevation was observed in the Actinobacteria phy-
lum and Rothia genus in the saliva of BMS patients at the taxonomic 
level. The Rothia genus comprises a group of Gram- positive, non- 
motile, and facultative anaerobic bacteria belonging to the phylum 
Actinobacteria. While Rothia is typically present in the normal flora 
of human, it can also be pathogenic, resulting in infections in im-
munosuppressed patients, including peritonitis, tonsillitis, and pros-
thetic device infections (Fatahi- Bafghi, 2021; Kämpfer et al., 2016). 
Previous studies indicated that R. dentocariosa was associated with 

F I G U R E  4  LEfSe analysis and cladogram of phylogenetic distribution of oral microbiota from BMS patients and healthy controls (LDA>2; 
p- value < 0.05). The saliva samples (a and b) and the dorsum of the tongue samples (c and d). BMS, burning mouth syndrome; LDA, linear 
discriminant analysis.
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infected root canals and dental caries in children (Ferraz et al., 1998). 
Furthermore, Amer et al. (2020)reported that acetylcholine levels 
produced by R. mucilaginosa isolated from oral leukoplakia patients 
could induce oxidative stress in oral keratinocytes. Considering the 
common symptoms of BMS patients, including mucosal burning/hot 
sensation and numbness, it is possible that the oxidative stress re-
sponse triggered by R. mucilaginosa is associated with the underlying 
pathological mechanism and deserves further investigation.

The tongue microbiota is one of the important components of 
the oral microbiota (Verma et al., 2018). Alterations in the compo-
sition of the tongue dorsum microbiota have been observed in as-
sociation with some chronic disorders in human, including chronic 
insomnia, rheumatoid arthritis, Sjogren's syndrome, etc. (de Paiva 
et al., 2016; Kroese et al., 2021; Liu et al., 2020). In this study, as 
the main affected site of BMS, tongue microbiota was investigated 
and it was found relatively higher abundance of Selenomonas in BMS 
patients compare to healthy controls according to the LEfSe.

Selenomonas is a group of Gram- negative, anaerobic bacteria that 
predominantly inhabit the oral and gastrointestinal of humans known 
for their metabolic versatility, particularly in carbohydrate fermenta-
tion (Maiden et al., 1992; Tanner et al., 1989). Cho et al. (2023) ob-
served that co- culturing S. sputigena and Streptococcus mutans led 
to the highest rate of acid production and quickest pH drop com-
pared to monoculture of S. sputigena. Additionally, prior research 
has shown that S. sputigena stimulated the secretion of cytokines 
and chemokines (such as IL- 6, IL- 8, TNF- α, etc.) related to chronic in-
flammation and leukocyte recruitment (Hawkes et al., 2023; Kumada 
et al., 1997). Coincidentally, some BMS patients may experience 
taste alterations, including sourness, bitterness, and metallic tastes 
in addition to burning pain of the oral mucosa. We postulated that 
this could be associated with localized micro- inflammation or bac-
terial metabolic dysregulation, and exploring the interplay between 
Selenomonas and oral epithelium cells, as well as the indigenous met-
abolic capability of Selenomonas could be provide evidence for eluci-
dating the etiology of BMS.

This study was a cross- sectional study to investigate the charac-
teristics of the oral microbiome in saliva and dorsum of the tongue 
among patients with BMS in the Chinese population. However, 
there are several limitations. First, due to the cross- sectional nature 
of our study, a direct causal relationship cannot be unequivocally 
established. Second, although this study controlled for consistency 
in participants' oral examination findings, there may still be some 
unknown factors and multiple confounders, such as the influence 
of oral hygiene habits and dietary patterns on the oral microbiome. 
Third, the rigorous inclusion and exclusion criteria in this single- 
center exploratory study constrained the generalizability and appli-
cability of the findings. Therefore, further explorations are required 
to a develop better understanding of the role of the microbiome in 
the pathogenesis of BMS.

In conclusion, the oral microbiota composition of saliva and 
dorsum of the tongue in BMS patients was different from healthy 
controls. Significantly, the Rothia genus exhibited a high level of 
abundance in oral saliva at the taxonomic level, and the Selenomonas 

genus showed a relatively evaluated abundance in the dorsum of the 
tongue in BMS patients compared to healthy controls. More studies 
are required to achieve a more precise understanding of the role of 
oral microbiome in the pathogenesis of BMS.

AUTHOR CONTRIBUTIONS
Zhimin Yan: Funding acquisition; project administration; supervision; 
writing – review and editing. Shuangshuang Wu: Conceptualization; 
formal analysis; writing – original draft. Linman Li: Data curation; 
methodology; investigation. Xu Wang: Data curation; validation.

ACKNOWLEDG EMENTS
This work was supported by the National Natural Science Foundation 
of China (82170967).

FUNDING INFORMATION
This work was supported by the National Natural Science Foundation 
of China (82170967) and the National Program for Multidisciplinary 
Cooperative Treatment on Major Diseases (PKUSSNMP- 201907).

CONFLIC T OF INTERE S T S TATEMENT
The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influ-
ence the work reported in this study.

DATA AVAIL ABILIT Y S TATEMENT
The original contributions presented in the study are included in the 
article. Further inquiries can be directed to the authors.

ORCID
Zhimin Yan  https://orcid.org/0000-0002-0751-7374 

R E FE R E N C E S
Amer, A., Whelan, A., Al- Hebshi, N. N., Healy, C. M., & Moran, G. P. (2020). 

Acetaldehyde production by Rothia mucilaginosa isolates from 
patients with oral leukoplakia. Journal of Oral Microbiology, 12(1), 
1743066. https:// doi. org/ 10. 1080/ 20002 297. 2020. 1743066

Arzani, M., Jahromi, S. R., Ghorbani, Z., Vahabizad, F., Martelletti, P., 
Ghaemi, A., Sacco, S., Togha, M., & School of Advanced Studies of 
the European Headache Federation (EHF- SAS). (2020). Gut- brain 
Axis and migraine headache: A comprehensive review. The Journal 
of Headache and Pain, 21(1), 15. https:// doi. org/ 10. 1186/ s1019 
4-  020-  1078-  9

Bender, S. D. (2018). Burning mouth syndrome. Dental Clinics of North 
America, 62(4), 585–596. https:// doi. org/ 10. 1016/j. cden. 2018. 05. 
006

Bokulich, N. A., Kaehler, B. D., Rideout, J. R., Dillon, M., Bolyen, E., 
Knight, R., Huttley, G. A., & Gregory Caporaso, J. (2018). Optimizing 
taxonomic classification of marker- gene amplicon sequences with 
QIIME 2's q2- feature- classifier plugin. Microbiome, 6(1), 90. https:// 
doi. org/ 10. 1186/ s4016 8-  018-  0470-  z

Bolyen, E., Rideout, J. R., Dillon, M. R., Bokulich, N. A., Abnet, C. C., Al- 
Ghalith, G. A., Alexander, H., Alm, E. J., Arumugam, M., Asnicar, 
F., Bai, Y., Bisanz, J. E., Bittinger, K., Brejnrod, A., Brislawn, C. J., 
Brown, C. T., Callahan, B. J., Caraballo- Rodríguez, A. M., Chase, 
J., … Caporaso, J. G. (2019). Reproducible, interactive, scalable 
and extensible microbiome data science using QIIME 2. Nature 

 16010825, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/odi.14934 by Icgeb, W

iley O
nline L

ibrary on [01/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-0751-7374
https://orcid.org/0000-0002-0751-7374
https://doi.org/10.1080/20002297.2020.1743066
https://doi.org/10.1186/s10194-020-1078-9
https://doi.org/10.1186/s10194-020-1078-9
https://doi.org/10.1016/j.cden.2018.05.006
https://doi.org/10.1016/j.cden.2018.05.006
https://doi.org/10.1186/s40168-018-0470-z
https://doi.org/10.1186/s40168-018-0470-z


8  |    WU et al.

Biotechnology, 37(8), 852–857. https:// doi. org/ 10. 1038/ s4158 
7-  019-  0209-  9

Bray, J. R., & Curtis, J. T. (1957). An ordination of the upland Forest com-
munities of southern Wisconsin. Ecological Monographs, 27, 325–
349. https:// doi. org/ 10. 2307/ 1942268

Callahan, B. J., McMurdie, P. J., Rosen, M. J., Han, A. W., Johnson, A. 
J., & Holmes, S. P. (2016). DADA2: High- resolution sample infer-
ence from Illumina amplicon data. Nature Methods, 13(7), 581–583. 
https:// doi. org/ 10. 1038/ nmeth. 3869

Cho, H., Ren, Z., Divaris, K., Roach, J., Lin, B. M., Liu, C., Azcarate- Peril, M. A., 
Simancas- Pallares, M. A., Shrestha, P., Orlenko, A., Ginnis, J., North, K. E., 
Zandona, A. G. F., Ribeiro, A. A., Wu, D., & Koo, H. (2023). Selenomonas 
sputigena acts as a pathobiont mediating spatial structure and biofilm 
virulence in early childhood caries. Nature Communications, 14(1), 2919. 
https:// doi. org/ 10. 1038/ s4146 7-  023-  38346 -  3

de Paiva, C. S., Jones, D. B., Stern, M. E., Bian, F., Moore, Q. L., Corbiere, 
S., Streckfus, C. F., Hutchinson, D. S., Ajami, N. J., Petrosino, J. F., & 
Pflugfelder, S. C. (2016). Altered mucosal microbiome diversity and 
disease severity in Sjögren syndrome. Scientific Reports, 6, 23561. 
https:// doi. org/ 10. 1038/ srep2 3561

Fatahi- Bafghi, M. (2021). Characterization of the Rothia spp. and their 
role in human clinical infections. Infection, Genetics and Evolution: 
Journal of Molecular Epidemiology and Evolutionary Genetics in 
Infectious Diseases, 93, 104877. https:// doi. org/ 10. 1016/j. meegid. 
2021. 104877

Ferraz, V., McCarthy, K., Smith, D., & Koornhof, H. J. (1998). Rothia 
dentocariosa endocarditis and aortic root abscess. The Journal of 
Infection, 37(3), 292–295. https:// doi. org/ 10. 1016/ s0163 -  4453(98) 
92231 -  9

Greene, J. C., & Vermillion, J. R. (1964). The SIMPLIFIED oral hygiene 
index. Journal of the American Dental Association, 68, 7–13. https:// 
doi. org/ 10. 14219/  jada. archi ve. 1964. 00341 

Hagelberg, N., Forssell, H., Rinne, J. O., Scheinin, H., Taiminen, T., 
Aalto, S., Luutonen, S., Någren, K., & Jääskeläinen, S. (2003). 
Striatal dopamine D1 and D2 receptors in burning mouth syn-
drome. Pain, 101(1–2), 149–154. https:// doi. org/ 10. 1016/ s0304 
-  3959(02) 00323 -  8

Hawkes, C. G., Hinson, A. N., Vashishta, A., Read, C. B., Carlyon, J. A., 
Lamont, R. J., Uriarte, S. M., & Miller, D. P. (2023). Selenomonas 
sputigena interactions with gingival epithelial cells that promote 
inflammation. Infection and Immunity, 91(2), e0031922. https:// doi. 
org/ 10. 1128/ iai. 00319 -  22

IASP. (2016). IASP orofacial pain fact sheet. Burning mouth syndrome.
International Classification of Orofacial Pain. (2020). 1st edition (ICOP). 

Cephalalgia: An International Journal of Headache, 40(2), 129–221.
Jääskeläinen, S. K., Lindholm, P., Valmunen, T., Pesonen, U., Taiminen, T., 

Virtanen, A., Lamusuo, S., Forssell, H., Hagelberg, N., Hietala, J., & 
Pertovaara, A. (2014). Variation in the dopamine D2 receptor gene 
plays a key role in human pain and its modulation by transcranial 
magnetic stimulation. Pain, 155(10), 2180–2187. https:// doi. org/ 10. 
1016/j. pain. 2014. 08. 029

Jaccard, P. (1908). Nouvelles recherches sur la distribution florale. 
Bulletin de la Societe Vaudoise Des Sciences Naturelles, 44, 223–270. 
https:// doi. org/ 10. 5169/ seals -  268384

Kämpfer, P., Kleinhagauer, T., Busse, H. J., Klug, K., Jäckel, U., & Glaeser, S. 
P. (2016). Rothia aerolata sp. nov., isolated from exhaust air of a pig 
barn. International Journal of Systematic and Evolutionary Microbiology, 
66(8), 3102–3107. https:// doi. org/ 10. 1099/ ijsem.0. 001153

Katoh, K., Misawa, K., Kuma, K., & Miyata, T. (2002). MAFFT: A novel 
method for rapid multiple sequence alignment based on fast Fourier 
transform. Nucleic Acids Research, 30(14), 3059–3066. https:// doi. 
org/ 10. 1093/ nar/ gkf436

Khawaja, S. N., Alaswaiti, O. F., & Scrivani, S. J. (2023). Burning mouth 
syndrome. Dental Clinics of North America, 67(1), 49–60. https:// doi. 
org/ 10. 1016/j. cden. 2022. 07. 004

Kõljalg, U., Nilsson, R. H., Abarenkov, K., Tedersoo, L., Taylor, A. F., Bahram, 
M., Bates, S. T., Bruns, T. D., Bengtsson- Palme, J., Callaghan, T. M., 
Douglas, B., Drenkhan, T., Eberhardt, U., Dueñas, M., Grebenc, T., 
Griffith, G. W., Hartmann, M., Kirk, P. M., Kohout, P., … Larsson, K. 
H. (2013). Towards a unified paradigm for sequence- based identi-
fication of fungi. Molecular Ecology, 22(21), 5271–5277. https:// doi. 
org/ 10. 1111/ mec. 12481 

König, R. S., Albrich, W. C., Kahlert, C. R., Bahr, L. S., Löber, U., Vernazza, 
P., Scheibenbogen, C., & Forslund, S. K. (2022). The gut microbiome 
in Myalgic encephalomyelitis (ME)/chronic fatigue syndrome (CFS). 
Frontiers in Immunology, 12, 628741. https:// doi. org/ 10. 3389/ 
fimmu. 2021. 628741

Kroese, J. M., Brandt, B. W., Buijs, M. J., Crielaard, W., Lobbezoo, F., 
Loos, B. G., van Boheemen, L., van Schaardenburg, D., Zaura, E., 
& Volgenant, C. M. C. (2021). Differences in the Oral microbiome 
in patients with early rheumatoid arthritis and individuals at risk 
of rheumatoid arthritis compared to healthy individuals. Arthritis & 
Rheumatology (Hoboken, N.J.), 73(11), 1986–1993. https:// doi. org/ 
10. 1002/ art. 41780 

Kumada, H., Watanabe, K., Nakamu, A., Haishima, Y., Kondo, S., 
Hisatsune, K., & Umemoto, T. (1997). Chemical and biological prop-
erties of lipopolysaccharide from Selenomonas sputigena ATCC 
33150. Oral Microbiology and Immunology, 12(3), 162–167. https:// 
doi. org/ 10. 1111/j. 1399-  302x. 1997. tb003 73. x

Lauria, G. (2005). Small fibre neuropathies. Current Opinion in Neurology, 
18(5), 591–597. https:// doi. org/ 10. 1097/ 01. wco. 00001 77330. 
35147. 70

Lee, B. M., Park, J. W., Jo, J. H., Oh, B., & Chung, G. (2022). Comparative 
analysis of the oral microbiome of burning mouth syndrome pa-
tients. Journal of Oral Microbiology, 14(1), 2052632. https:// doi. org/ 
10. 1080/ 20002 297. 2022. 2052632

Liu, M., Wang, X., Wu, F., Dai, N., Chen, M., Yu, J., Guan, J., & Li, F. (2020). 
Variations of Oral microbiome in chronic insomnia patients with 
different tongue features. The American Journal of Chinese Medicine, 
48(4), 923–944. https:// doi. org/ 10. 1142/ S0192 415X2 0500445

Lozupone, C., & Knight, R. (2005). UniFrac: A new phylogenetic method 
for comparing microbial communities. Applied and Environmental 
Microbiology, 71(12), 8228–8235. https:// doi. org/ 10. 1128/ AEM. 71. 
12. 8228-  8235. 2005

Lozupone, C. A., Hamady, M., Kelley, S. T., & Knight, R. (2007). 
Quantitative and qualitative beta diversity measures lead to dif-
ferent insights into factors that structure microbial communities. 
Applied and Environmental Microbiology, 73(5), 1576–1585. https:// 
doi. org/ 10. 1128/ AEM. 01996 -  06

Lu, H., Zou, P., Zhang, Y., Zhang, Q., Chen, Z., & Chen, F. (2022). The 
sampling strategy of Oral microbiome. iMeta, 1, e23. https:// doi. 
org/ 10. 1002/ imt2. 23

Maiden, M. F., Tanner, A., & Moore, W. E. (1992). Identification of 
Selenomonas species by whole- genomic DNA probes, sodium do-
decyl sulfate- polyacrylamide gel electrophoresis, biochemical tests 
and cellular fatty acid analysis. Oral Microbiology and Immunology, 
7(1), 7–13. https:// doi. org/ 10. 1111/j. 1399-  302x. 1992. tb000 12. x

Minerbi, A., Gonzalez, E., Brereton, N. J. B., Anjarkouchian, A., Dewar, 
K., Fitzcharles, M. A., Chevalier, S., & Shir, Y. (2019). Altered micro-
biome composition in individuals with fibromyalgia. Pain, 160(11), 
2589–2602. https:// doi. org/ 10. 1097/j. pain. 00000 00000 001640

Navazesh, M. (1993). Methods for collecting saliva. Annals of the New 
York Academy of Sciences, 694, 72–77. https:// doi. org/ 10. 1111/j. 
1749-  6632. 1993. tb183 43. x

Price, M. N., Dehal, P. S., & Arkin, A. P. (2009). FastTree: Computing large 
minimum evolution trees with profiles instead of a distance matrix. 
Molecular Biology and Evolution, 26(7), 1641–1650. https:// doi. org/ 
10. 1093/ molbev/ msp077

Segata, N., Izard, J., Waldron, L., Gevers, D., Miropolsky, L., Garrett, W. 
S., & Huttenhower, C. (2011). Metagenomic biomarker discovery 

 16010825, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/odi.14934 by Icgeb, W

iley O
nline L

ibrary on [01/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.1038/s41587-019-0209-9
https://doi.org/10.2307/1942268
https://doi.org/10.1038/nmeth.3869
https://doi.org/10.1038/s41467-023-38346-3
https://doi.org/10.1038/srep23561
https://doi.org/10.1016/j.meegid.2021.104877
https://doi.org/10.1016/j.meegid.2021.104877
https://doi.org/10.1016/s0163-4453(98)92231-9
https://doi.org/10.1016/s0163-4453(98)92231-9
https://doi.org/10.14219/jada.archive.1964.00341
https://doi.org/10.14219/jada.archive.1964.00341
https://doi.org/10.1016/s0304-3959(02)00323-8
https://doi.org/10.1016/s0304-3959(02)00323-8
https://doi.org/10.1128/iai.00319-22
https://doi.org/10.1128/iai.00319-22
https://doi.org/10.1016/j.pain.2014.08.029
https://doi.org/10.1016/j.pain.2014.08.029
https://doi.org/10.5169/seals-268384
https://doi.org/10.1099/ijsem.0.001153
https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1093/nar/gkf436
https://doi.org/10.1016/j.cden.2022.07.004
https://doi.org/10.1016/j.cden.2022.07.004
https://doi.org/10.1111/mec.12481
https://doi.org/10.1111/mec.12481
https://doi.org/10.3389/fimmu.2021.628741
https://doi.org/10.3389/fimmu.2021.628741
https://doi.org/10.1002/art.41780
https://doi.org/10.1002/art.41780
https://doi.org/10.1111/j.1399-302x.1997.tb00373.x
https://doi.org/10.1111/j.1399-302x.1997.tb00373.x
https://doi.org/10.1097/01.wco.0000177330.35147.70
https://doi.org/10.1097/01.wco.0000177330.35147.70
https://doi.org/10.1080/20002297.2022.2052632
https://doi.org/10.1080/20002297.2022.2052632
https://doi.org/10.1142/S0192415X20500445
https://doi.org/10.1128/AEM.71.12.8228-8235.2005
https://doi.org/10.1128/AEM.71.12.8228-8235.2005
https://doi.org/10.1128/AEM.01996-06
https://doi.org/10.1128/AEM.01996-06
https://doi.org/10.1002/imt2.23
https://doi.org/10.1002/imt2.23
https://doi.org/10.1111/j.1399-302x.1992.tb00012.x
https://doi.org/10.1097/j.pain.0000000000001640
https://doi.org/10.1111/j.1749-6632.1993.tb18343.x
https://doi.org/10.1111/j.1749-6632.1993.tb18343.x
https://doi.org/10.1093/molbev/msp077
https://doi.org/10.1093/molbev/msp077


    |  9WU et al.

and explanation. Genome Biology, 12(6), R60. https:// doi. org/ 10. 
1186/ gb-  2011-  12-  6-  r60

Staurengo- Ferrari, L., Deng, L., & Chiu, I. M. (2022). Interactions between noci-
ceptor sensory neurons and microbial pathogens in pain. Pain, 163(Suppl 
1), S57–S68. https:// doi. org/ 10. 1097/j. pain. 00000 00000 002721

Tanner, A., Bouldin, H. D., & Maiden, M. F. (1989). Newly delineated peri-
odontal pathogens with special reference to selenomonas species. 
Infection, 17(3), 182–187. https:// doi. org/ 10. 1007/ BF016 44027 

Teruel, A., & Patel, S. (2019). Burning mouth syndrome: A review of eti-
ology, diagnosis, and management. General Dentistry, 67(2), 24–29.

Verma, D., Garg, P. K., & Dubey, A. K. (2018). Insights into the human oral 
microbiome. Archives of Microbiology, 200(4), 525–540. https:// doi. 
org/ 10. 1007/ s0020 3-  018-  1505-  3

West, C., & McVey Neufeld, K. A. (2021). Animal models of visceral pain 
and the role of the microbiome. Neurobiology of Pain (Cambridge, 
Mass.), 10, 100064. https:// doi. org/ 10. 1016/j. ynpai. 2021. 100064

Yilmaz, Z., Renton, T., Yiangou, Y., Zakrzewska, J., Chessell, I. P., Bountra, 
C., & Anand, P. (2007). Burning mouth syndrome as a trigeminal 
small fibre neuropathy: Increased heat and capsaicin receptor 

TRPV1 in nerve fibres correlates with pain score. Journal of Clinical 
Neuroscience: Official Journal of the Neurosurgical Society of 
Australasia, 14(9), 864–871. https:// doi. org/ 10. 1016/j. jocn. 2006. 
09. 002

SUPPORTING INFORMATION
Additional supporting information can be found online in the 
Supporting Information section at the end of this article.

How to cite this article: Wu, S., Li, L., Wang, X., & Yan, Z. 
(2024). Saliva and tongue microbiota in burning mouth 
syndrome: An exploratory study of potential roles. Oral 
Diseases, 00, 1–9. https://doi.org/10.1111/odi.14934

 16010825, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/odi.14934 by Icgeb, W

iley O
nline L

ibrary on [01/07/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.1186/gb-2011-12-6-r60
https://doi.org/10.1097/j.pain.0000000000002721
https://doi.org/10.1007/BF01644027
https://doi.org/10.1007/s00203-018-1505-3
https://doi.org/10.1007/s00203-018-1505-3
https://doi.org/10.1016/j.ynpai.2021.100064
https://doi.org/10.1016/j.jocn.2006.09.002
https://doi.org/10.1016/j.jocn.2006.09.002
https://doi.org/10.1111/odi.14934

	Saliva and tongue microbiota in burning mouth syndrome: An exploratory study of potential roles
	Abstract
	1|INTRODUCTION
	2|MATERIALS AND METHODS
	2.1|Study design and ethics approval
	2.2|Study populations
	2.3|Sampling and storage of saliva and tongue samples
	2.4|DNA extraction from samples and 16S rRNA gene amplicon sequencing
	2.5|Statistical analysis

	3|RESULTS
	3.1|Demographic characteristics and review of symptoms
	3.2|Overall sequencing results
	3.3|Abundance of oral microbial taxa from saliva and tongue samples between BMS patients and healthy controls
	3.4|Alpha diversity of oral microbiota in BMS patients
	3.5|Beta diversity of oral microbiota in BMS patients
	3.6|Phylogenetic characteristics of Oral microbiota in BMS patients

	4|DISCUSSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	REFERENCES


