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Abstract
AIM
To elucidate tongue coating microbiota and metabolic 
differences in chronic hepatitis B (CHB) patients with 
yellow or white tongue coatings.

METHODS
Tongue coating samples were collected from 53 CHB 
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patients (28 CHB yellow tongue coating patients and 
25 CHB white tongue coating patients) and 22 healthy 
controls. Microbial DNA was extracted from the tongue 
samples, and the bacterial 16S ribosomal RNA gene V3 
region was amplified from all samples and sequenced with 
the Ion Torrent PGM™ sequencing platform according 
to the standard protocols. The metabolites in the tongue 
coatings were evaluated using a liquid chromatography-
mass spectrometry (LC-MS) platform. Statistical analyses 
were then performed.

RESULTS
The relative compositions of the tongue coating micro-
biotas and metabolites in the CHB patients were sig-
nificantly different from those of the healthy controls, but 
the tongue coating microbiota abundances and diversity 
levels were not significantly different. Compared with 
the CHB white tongue coating patients, the CHB yellow 
tongue coating patients had higher hepatitis B viral DNA 
(HBV-DNA) titers (median 21210 vs  500, respectively, P 
= 0.03) and a significantly lower level of Bacteroidetes 
(20.14% vs 27.93%, respectively, P = 0.013) and higher 
level of Proteobacteria (25.99% vs 18.17%, respectively, 
P  = 0.045) in the microbial compositions at the phylum 
level. The inferred metagenomic pathways enriched in the 
CHB yellow tongue coating patients were mainly those 
involved in amino acid metabolism, which was consistent 
with the metabolic disorder. The abundances of bacteria 
from Bacteroidales at the order level were higher in the 
CHB white tongue coating patients (19.2% vs  27.22%, 
respectively, P  = 0.011), whereas Neisseriales were en-
riched in the yellow tongue coating patients (21.85% vs 
13.83%, respectively, P = 0.029). At the family level, the 
abundance of Neisseriaceae in the yellow tongue patients 
was positively correlated with the HBV-DNA level but 
negatively correlated with the S-adenosyl-L-methionine 
level. 

CONCLUSION
This research illustrates specific clinical features and 
bacterial structures in CHB patients with different tongue 
coatings, which facilitates understanding of the traditional 
tongue diagnosis.

Key words: 16S rRNA gene sequencing; Metabolomics; 
Chronic hepatitis B; Tongue diagnosis; Microbiota

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Tongue diagnosis has important guiding signif-
icance for clinical syndrome differentiation and drug use 
in traditional Chinese medicine (TCM), but lacks scientific 
explanations. This study illustrates the existence of spe-
cific clinical features and bacterial structure in chronic 
hepatitis B (CHB) patients with different tongue coatings. 
Compared with the CHB white tongue coating patients, 
the yellow tongue coating patients had higher viral titers 
and a significantly lower level of Bacteroidetes and higher 
level of Proteobacteria in their microbial compositions at 
the phylum level. This study explores the micro-features 

between different tongue coatings, which will promote our 
understanding of the TCM tongue diagnosis and facilitate 
therapeutic strategies for individualized treatment.

Zhao Y, Mao YF, Tang YS, Ni MZ, Liu QH, Wang Y, Feng Q, 
Peng JH, Hu YY. altered oral microbiota in chronic hepatitis B 
patients with different tongue coatings. World J Gastroenterol 
2018; 24(30): 3448-3461  available from: URL: http://www.
wjgnet.com/1007-9327/full/v24/i30/3448.htm  DOI: http://dx.doi.
org/10.3748/wjg.v24.i30.3448

INTRODUCTION
Tongue diagnosis is a characteristic diagnostic method of 
traditional Chinese medicine (TCM) with a long history. 
TCM believes that the tongue is an important window 
for changes in the body, which are closely related to 
the zang and fu (internal organs), meridians, qi and 
xue (blood) and body fluids. Therefore, changes of the 
tongue can help doctors distinguish syndromes and 
guide diagnoses, which has great significance for clinical 
treatment via TCM. Different tongue coating colors 
in TCM have different treatment principles. Tongue 
diagnosis has the advantages of convenience and in
tuitiveness and represents firsthand information for 
TCM doctors that should not neglected. However, the 
physiological and pathological changes that contribute 
to the TCM tongue diagnosis have not been elucidated. 
According to TCM theory, the formation of tongue coating 
is closely related to wei-qi (spleen and stomach). Reports 
have noted that microecological changes in the local 
flora are important manifestations of pathological tongue 
images[1]. As part of the human microbiome, the oral 
microbiota can interfere with the gut microbiota and 
is associated with multiple diseases[2]. The microbiota 
can produce metabolites and active ingredients that 
participate in the regulation of host metabolism and 
immunity and is closely related to the pathological pro
cesses of many diseases. Some reports have found 
abnormalities in the microbiota or metabolites in patho
logical tongue coatings[3,4]. However, integrated analyses 
of the pathological tongue coating microbiotas and 
metabolites have rarely been reported. As an important 
diagnostic factor, elucidating the “intension” of the ma
terial basis of tongue coatings and providing the scientific 
basis for individualized treatment and clinical syndrome 
differentiation have great significance in TCM.

Chronic hepatitis B (CHB) is a major infectious di
sease that may lead to liver cirrhosis and hepatocellular 
carcinoma (HCC). In China, CHB is a huge health bur
den, and 60% and 80% of China’s liver cirrhosis and 
HCC patients, respectively, are infected with hepatitis 
B virus (HBV)[5]. Intestinal bacteria are widely involved 
in the pathogenesis of chronic liver diseases, which can 
affect liver homeostasis based on energy absorption 
and storage, interfere with bile metabolism, participate 
in immune regulation and affect other processes[6]. 
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Some studies have shown that dysbiosis of the oral 
microbiota may be involved in the development of 
HBVinduced chronic liver disease. Moreover, key oral
derived phylotypes may invade the gut as opportunistic 
pathogens and alter the composition of the gut micro
biota, and cirrhotic patients have a more limited sali
vary defenses and worse inflammation than healthy 
patients[7]. In China, many patients with chronic liver 
disease are treated with TCM, which has been reported 
to decrease the incidence of liver cancer in a recent 
15year followup study of 21020 newly diagnosed CHB 
patients[8]. Changes in the tongue are important for TCM 
diagnoses[9,10], and CHB patients have different tongue 
coating phenotypes, which most commonly manifested 
as a yellow or a white tongue coating. These tongue 
coatings lead to different treatment strategies in TCM. 
Therefore, we speculate that microbiota differences 
may exist between CHB patients with different tongue 
coatings.

In this study, we characterize the microbiota and 
metabolic compositions of CHB patients with yellow or 
white tongue coatings and investigate the association 
between the tongue coating microbiotas, metabolites 
and host physiological indices to elucidate the differences 
between CHB patients with yellow and white tongue 
coatings. These results will contribute to our under
standing of the relationship between the tongue coating 
appearance and the microbiota and metabolic micro
features differences.

MATERIALS AND METHODS
Patients
All samples from this study were collected at the 
Shanghai University of TCM-affiliated Shuguang Hospital 
in Shanghai, the Nanjing Second Hospital and the Huai’
an Fourth People’s Hospital in Jiangsu province, People’s 
Republic of China, from 2013 to 2014. The criteria used 
for the diagnosis of CHB were from the “The Guidelines 
for the Prevention and Treatment of Chronic Hepatitis B 
(2010 version)” issued by the Chinese Society of Liver 
Diseases and the Chinese Society of Infectious Diseases. 
Healthy age and gendermatched control subjects were 
recruited from the Shanghai University of TCM-affiliated 
Shuguang Hospital Medical Center. We excluded patients 
who had been on absorbable antibiotics within the past 
3 mo; were undergoing periodontal disease treatment; 
had other viral liver hepatitises, liver cirrhosis, or HCC; 
were pregnant or lactating women; or had other severe 
primary diseases. Informed written consent was obtained 
before the participants’ enrollment. This project was 
approved by the IRB of Shuguang Hospital, which was 
affiliated with the Shanghai University of TCM (Permit 
Number: 20122062201) and conformed to the ethical 
guidelines of the Declaration of Helsinki (2008).

Sample collection
Each subject underwent serum and tongue coating 

collection on the same day in the morning before break
fast. For tongue coating collection, all participants were 
required to rinse their mouth with physiological saline 
and then were photographed with the tongue diagnostic 
information acquisition system in a stable light source 
(Daosh Co., Shanghai, China). Sterile spoons scraped the 
fixed parts of the tongue surface twice to collect tongue 
coating samples, which were dissolved in sanitized 
Eppendorf tubes filled with 2 mL of physiological saline[4]. 
Spare samples were stored in a 80 ℃ freezer. Blood 
samples were taken for clinical analyses after an over
night fast of at least 10 h. 

Biochemical measurements
Clinical and biochemical indices were determined for 
each patient, including the following: (1) liver and kidney 
function, including serum alanine aminotransferase (ALT), 
aspartate aminotransferase (AST), alkaline phosphatase 
(ALP), γglutamyl transpeptidase (GGT), total bilirubin 
(TBIL), direct bilirubin (DBIL), albumin (ALB), globulin 
(GLB), creatinine (Cr), blood urea nitrogen (BUN) and 
uric acid (UA); (2) lipid profiles, including triglycerides 
(TG), total cholesterol (TC), highdensity lipoprotein 
(HDL) and lowdensity lipoprotein (LDL); (3) clotting 
function, including the prothrombin time (PT); and (4) 
virological indicators, including hepatitis B surface antigen 
(HBsAg), hepatitis B surface antibody (HBsAb), hepatitis 
Be antigen (HBeAg), hepatitis Be antibody (HBeAb), 
hepatitis B core antibody (HBcAb) and the HBVDNA 
titers were determined for each patient.

Tongue coating microbial diversity analysis
DNA extraction and PCR amplification: Microbial 
DNA was extracted from the tongue samples using a 
QIAGEN QIAamp DNA Stool Mini Kit (50) according 
to manufacturer’s protocols. The V3 region of the bac
terial 16S ribosomal RNA (rRNA) gene was amplified 
by PCR (95 ℃ for 2 min, followed by 25 cycles at 
95 ℃ for 30 s, 55 ℃ for 30 s and 72 ℃ for 30 s and a 
final extension at 72 ℃ for 5 min) using the primers 
341F (5’CCTACGGGAGGCAGCAG3’) and 518R 
(5’ATTACCGCGGCTGCTGG3’), which included a barcode 
that was an eightbase sequence unique to each sample. 
The PCR reactions were performed in triplicate with a 
20 μL mixture containing 4 μL of 5 × FastPfu buffer, 2 μL 
of 2.5 mmol/L dNTPs, 0.8 μL of each primer (5 μmol/L), 
0.4 μL of KAPA HiFi Polymerase, and 10 ng of template 
DNA.

Ion Torrent PGM™ sequencing: Amplicons were ex
tracted from 2% agarose gels, purified using the AxyPrep 
DNA Gel Extraction Kit (Axygen Biosciences, Union 
City, CA, United States) according to the manufacturer’
s instructions and then quantified using the Qubit 
2.0 Fluorometer (Invitrogen, United States). Purified 
amplicons were pooled at equimolar concentrations and 
sequenced on an Ion Torrent PGM™ platform according 
to standard protocols. The raw reads were deposited 
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format and then analyzed by the XCMS program in the 
R statistical language (v3.1.1) for peak identification, 
filtering and alignment. For the subsequent multivariate 
linear regression analysis, the XCMS results were 
ultimately converted into twodimensional data matrices 
that consisted of retention time (Rt)m/z pairs and their 
peak area. The data were normalized by their sum peak 
areas, and 1043 positive ion mode variables and 540 
negative ion mode variables were finally obtained for the 
subsequent analysis. 

Metabolites driving the differences among the 3 
groups were filtered with a variable importance (VIP) > 1, 
a correlation P(corr) > 0.4, and a threshold of 1 using the 
7fold crossvalidated partial least squaresdiscriminant 
analysis (PLSDA) model. By using retention timem/z 
pairs as the identifiers for each ion, we examined and 
optimized the parameters individually. The possible 
identities of the metabolites were first confirmed based 
on their exact molecular weights (molecular weight error 
< 15 ppm), followed by the comparison of their exact 
molecular weight and MS/MS fragmentation patterns 
to entries in the Human Metabolome Database (HMDB) 
(http://www.hmdb.ca) and the METLIN (https://metlin.
scripps.edu), MassBank (http://www.massbank.jp) and 
mzCloud (https://www.mzcloud.org) databases.

Statistical analysis
We compared the clinical difference among the 3 groups 
using the KruskalWallis test and the Nemenyi test was 
used for postpairwise comparisons. The HBVDNA 
titers between the CHB yellow and white tongue coating 
patients and the metabolites differences between the 
CHB and the healthy controls were compared using 
the standard nonparametric MannWhitney U test. 
Unsupervised principal component analysis (PCA) and 
supervised PLSDA analysis were performed using 
the SimcaP software (version 13.0, Umetrics, Umea, 
Sweden). The microbiota results were analyzed using 
Metastats analysis, the KruskalWallis test and the linear 
discriminant analysis (LDA) effect size (LEfSe) method 
was implemented in LEfSe v1.0[12]. The functionality 
of the microbiota was assessed using PiCRUST[13] and 
compared among the groups. The metabolomics enrich
ment analysis was performed using MetaboAnalyst 
3.0[14] (http://www.metaboanalyst.ca). We correlated 
the microbiota with clinical index and metabolites and 
visualized the results with a Spearman’s correlation co
efficient> 0.3 and p < 0.05 in Cytoscape (version 3.6.0). 

RESULTS
Physiological characteristics
A total of 75 subjects, including 22 healthy subjects and 
53 CHB patients, were enrolled in this study. Twenty
eight of the 53 CHB patients exhibited a yellow tongue 
coating, and 25 CHB patients exhibited a white tongue 
coating; their physiological characteristics are shown in 
Table 1. The ages, genders and body mass indices (BMIs) 
did not significantly differ among the groups. The CHB 
group had a significantly higher level of liver function, 

into the NCBI Sequence Read Archive (SRA) database 
(Accession Number: SRP127002).

Processing of sequencing data: Raw FASTQ files were 
demultiplexed and quality-filtered using the fastx_Toolkit 
(version 0.0.13.2) with the following criteria. The 200 bp 
reads were truncated at any site receiving an average 
quality score < 20, and truncated reads that were shorter 
than 50 bp were discarded. Operational taxonomic 
units (OTUs) were clustered with 97% similarity cutoff 
using UCHIME (version 7.1 http://drive5.com/uparse/), 
with also identified and removed chimeric sequences. 
The taxonomy of each 16S rRNA gene sequence was 
analyzed using the RDP Classifier (http://rdp.cme.msu.
edu/) against the SILVA (SSU123)16S rRNA database 
with a confidence threshold of 70%[11]. 

Metabolomic profiling of human tongue coating samples
Sample preparations: The tongue coating samples 
were thawed on ice, and quality control (QC) samples 
were made by mixing and blending equal volumes 
(20 μL) of each sample. A 100 μL aliquot of the samples 
was added to 500 μL of 100% methanol, which was 
vibrated for 30 s and centrifuged at 15000 g for 10 min. 
The supernatant was dried in a vacuum centrifuge at 
30 ℃. The dried samples were dissolved in 300 μL of 
water/methanol (1:1, 4 ℃) and filtered through a 0.22 
μm membrane. A 3 μL aliquot of tongue coating was 
injected for LCMS analysis, and another 100 μL was 
sampled for subsequent MS/MS identification.

LC-MS experiments: A Waters ACQUITY UPLC system 
analysis was performed on an ACQUITY UPLC® HSS T3 
column (150 mm × 2.1 mm, 1.8 μm particle size; Waters 
Corporation, Milford, MA, United States) for separation 
of samples using a binary gradient mode. The sample 
was eluted with a gradient mobile phase composed of 
0.1% (v/v) formic acid/water (A) and 0.1% (v/v) formic 
acid/acetonitrile (B) as follows: 01 min, 2% B; 111 
min, linear increase from 2 to 50% B; 1117 min, linear 
increase from 50 to 98% B; 1718 min, 98% B; 1819 
min, linear decrease from 98 to 2% B and 1920 min, 2% 
B. The flow rate was set to 0.3 mL/min. The column and 
sampletray temperatures were maintained at 35 and 
8 ℃, respectively.

A Thermo Scientific™ LTQ XL™ mass spectrometer 
(Thermo Scientific, San Jose, CA, United States) was 
combined with electrospray ionization (ESI) operating in 
both the negative and positive ion modes. The positive 
ionization mode was operated using a spray voltage 
of 4.8 kV, and the negative ionization mode used a 
spray voltage of 4.50 kV. The capillary temperature 
was 325 ℃, and the sheath gas and auxiliary gas were 
set at flow rates of 45 and 10 L/min, respectively. The 
mass scanning range was set at 891000 m/z in positive 
ionization mode and 871000 m/z in negative ionization 
mode.

Data processing and metabolite identification: The 
raw LCMS data files were converted into the mzXML 
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including ALT, AST and GGT activity. The CHB yellow 
tongue coating patients had a trend toward higher TBIL, 
DBIL, ALT, AST, ALP, GGT and PT levels. Additionally, the 
HBV viral titer was significantly higher in yellow tongue 
coating patients than in the white coating patients (p = 
0.03), whereas the ALB level was lower in the yellow 
tongue coating patients (p = 0.003).

Overview of tongue coating microbial differences 
among the patients
In this study, the qualified sequences were rarefied to 
9300 sequences per sample for downstream analysis. 
A summary is shown in Supplementary Table 1, Good’s 
coverage values were high in the three groups, indicating 
that the sequencing depth was sufficient for investigation. 
As shown in Figure 1A show, the oral microbiota abun
dance and diversity level did not significantly differ 
between the CHB patients and the healthy controls. A 
PCA plot based on the OTU distributions showed that the 
overall compositions of the tongue coating microbiota 
were not significantly shifted by age, gender, BMI and 
antiviral treatment (Supplementary Figure 1). However, 
the PLSDA plot showed a clear separation between 
the CHB patients and the healthy groups, and the 
CHB yellow tongue coating and white tongue coating 
patients were also well separated (Figure 1B). A Venn 
diagram showed that 1569 OTUs were common in all 
samples and that 705 and 741 OTUs were unique to the 

CHB yellow tongue coating and white tongue coating 
patients, respectively (Figure 1C). Most of the tongue 
coating microbiota were assigned to the Firmicutes, 
Bacteroidetes, Proteobacteria, Actinobacteria and 
Fusobacteria phyla (relative abundance > 1% of the total 
DNA sequences, Figure 2A). In total, 112 genera were 
classified, and most of the genera were present in low 
abundance in the oral microbiota samples. 

A Metastats analysis was used to detect differentially 
abundant features at different taxon levels. Compared 
with the white tongue patients, the relative abundance 
of Bacteroidetes was decreased in the CHB yellow 
tongue coating patients, whereas the abundance of 
Proteobacteria and Gracilibacteria were increased (Figure 
2B). At the family level, Neisseriaceae and Gracilibact
eria_bacterium_oral_taxon_873 were dominant in the 
CHB yellow tongue coating and had prevalent differences 
compared with the abundances in the healthy controls 
and CHB white tongue coating patients, whereas SR1_b
acterium_canine_oral_taxon_380 was decreased. At the 
genus level, Neisseria and Gracilibacteria_bacterium_or
al_taxon_873 were enriched in the CHB yellow tongue 
coating samples compared with the healthy controls 
and the CHB white tongue coating patients. The relative 
abundance of Actinomyces, Porphyromonas, Bergeyella, 
Centipeda, Alysiella, Bulleidia, Candidatus_Saccharibacter
ia_bacterium_UB2523 and Pseudoramibacter in the CHB 
white tongue coating samples were significantly different 

Healthy CHB patients P  value

White tongue coating Yellow tongue coating
Age 34.09 ± 7.16 34.46 ± 9.92 38.08 ± 9.89 0.255
Gender, male/female 13/9 21/7 17/8 0.488
BMI (kg/m2) 21.22 (16.61-25.56) 23.44 (18.42-31.64) 23.30 (18.37-45.67) 0.077
Antiviral drugs (%) / 78.60% 64% 0.24
Chinese herbs (%) / 17.90% 28% 0.378
TBIL (μmol/L) 14.87 (8.29-31.62) 12.85 (7.9-27.7) 17.27 (6.4-45.6) 0.27
DBIL (μmol/L) 3.065 (1.7-6.76) 3.9 (1.64-9.2) 4.8 (2.05-34.7)b 0.006
IDBIL (μmol/L) 11.6 (6.3-25.7) 8.95 (5-18.7) 10.2 (4.2-19.6) 0.282
ALT (IU/L) 15 (10-34) 28.75 (8.5-170)b 47 (11.1-533)c < 0.001
AST (IU/L) 17.5 (11-31) 27 (12-133)b 38 (14.8-543)c < 0.001
ALP(IU/L) 15.28 (9-52) 25.8 (10.01-98) 38 (8.6-274)c < 0.001
GGT (IU/L) 70.5 (35-119) 72.7 (37.1-131) 76.3 (41.7-202) 0.62
ALB (g/L) 44.97 (40.89-50.77) 48.7 (43.1-56.3)ad 46 (36.6-50.1) 0.003
PT (s) 12.55 (11.3-13.9) 12.7 (11.1-16.4) 13.3 (11.3-16) 0.032
HBV-DNA (IU/mL) / 500 (500-44830000)d 21210 (500-324100000) 0.03
BUN (mmol/L) 4.39 (2.97-6.39) 4.96 (2.96-8.9) 4.2 (2.4-7.28) 0.074
Gr (μmol/L) 72.355 (45.1-106.67) 70 (27.4-96.7) 69 (35.9-83) 0.449
UN (μmol/L) 305.5 (201-406) 325 (207-550) 294 (154-429) 0.204
FPG (mmol/L) 5.2 (3.96-5.63) 5.2 (4.29-7.09) 5.215 (4.07-15.54) 0.532
TC (mmol/L) 4.04 (0.37-6.34) 4.55 (3.15-6.52) 4.36 (3.1-6.74) 0.102
TG (mmol/L) 0.84 (0.37-1.91) 1.17 (0.58-3.31)a 1.11 (0.68-2.62)a 0.008
HDL (mmol/L) 1.14 (0.74-1.76) 1.145 (0.72-1.86) 1.07 (0.58-2.02) 0.779
LDL (mmol/L) 2.205 (1.38-5.04) 2.27 (1.47-3.8) 2.44 (1.12-3.73) 0.647
APOA-A (g/L) 1.175 (0.85-1.62) 1.08 (0.76-1.91)c 1.02 (0.71-1.42)c 0.013

Table 1  Physiological characteristics of the subjects

Quantitative results are expressed as median with minimum and maximum into brackets. The P values indicate the significance of difference among 
groups, and the Kruskal-Wallis test for 3 groups and Nemenyi test were used for post pairwise comparisons. The HBV-DNA titers between the chronic 
hepatitis B (CHB) yellow and white tongue coating patients were compared using the standard non-parametric Mann-Whitney U test. The antiviral drugs 
usage and the Chinese herbs usage were compared between CHB yellow and white tongue coating patients using the Chi-square test. aP < 0.05 vs healthy 
controls, bP < 0.01 vs healthy controls, cP < 0.001 vs healthy controls, dP < 0.05 vs CHB yellow tongue coating patients.
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from those of the healthy controls, but no differences 
were found compared to the abundances of the CHB 
yellow tongue coating patients (Figure 3A). We used 
LEfSe to identify the specific OTUs associated with each 
group. A cladogram representative of the structure of 
the tongue coating microbiotas in the CHB yellow tongue 
coating and CHB white tongue coating patients and the 
healthy controls is shown in Figure 3B. According to the 
LDA values (log10

LDA score > 4), the tongue coating bacteria 
with advantages in the CHB yellow tongue coating 

were Betaproteobacteria, Neisseriales, Neisseriaceae, 
Proteobacteria and Neisseria, the CHB white tongue 
coating samples were dominated by Bacteroidia and 
Bacteroidales, and the healthy controls were dominated 
by Actinomycetaceae, Actinomycetales and Actinomyces 
(Figure 3C). 

Predicted microbial function
The gene functions in the tongue coating microbiotas 
were predicted by PICRUSt, and the results were com
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Figure 1  Overview of the tongue coating microbiota among groups. A: Detailed characteristics of alpha diversity; B: PLS-DA discriminant analysis plot; C: Venn 
diagram based on OTUs. PLS-DA: Partial least squares-discriminant analysis; OTUs: Operational taxonomic units.
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pared between groups (Figure 4). Microbes with greater 
relative abundances in the healthy controls had functions 
that were most related to carbohydrate metabolism (fruc
tose and mannose metabolism). The microbiotas in the 
white tongue coatings were more likely than those in 
the yellow tongue coatings and healthy controls to have 
functionality related to renetic information processing, 
including the level2 functionality of replication and repair 
(DNA replication proteins, homologous recombination 
and mismatch repair) and transcription (transcription ma
chinery, ribosome and translation factors). In contrast, 
the microbiotas in the yellow tongue coatings were 
probably related to amino acid metabolism (alanine 
aspartate and glutamate metabolism, arginine and 
proline metabolism, cysteine and methionine meta
bolism, lysine biosynthesis, phenylalanine tyrosine and 
tryptophan biosynthesis, phenylalanine metabolism, 
tyrosine metabolism and valine leucine and isoleucine 
biosynthesis), membrane transport (bacterial secretion 
system and secretion system) and cell motility (bacterial 
motility proteins). 

Metabolites in the tongue coatings 
The typical total ion chromatograms (TICs) of the 
samples run in positive ion modes are shown in supple
mentary Figure 2A. Because the PCA did not distinguish 

the groups well, the supervised PLSDA model was used 
for further analysis and resulted in good separation 
of the CHB patients and healthy volunteers, however, 
the CHB yellow tongue coating and the white tongue 
coating patients were not completely distinguished 
(Supplementary Figure 2B). A total of 21 endogenous 
compounds were obtained with a VIP > 1 and p(corr) 
> 0.4 in the PLS-DA model (Table 2). The presence of 
6 compounds differed between the CHB patients and 
healthy subjects (p < 0.05), and these compounds 
were mainly involved in histidine metabolism and me
thylhistidine metabolism (p < 0.05, Supplementary 
Figure 3). The metabolites were not significantly different 
between the CHB yellow and white tongue coating 
patients, but the number of amino acid metabolites was 
greater in the CHB yellow tongue coating patients than in 
the white tongue coating patients.

Associations of the tongue coating microbiotas with 
metabolites and clinical indices 
To better understand the relationships among the tongue 
coating microbiota, metabolites and clinical indicators, 
we performed a correlation analysis of the differential 
microbiota at the family level with the metabolites and 
clinical indicators and constructed the related network 
(|correlation r| > 0.3, p < 0.05). The abundance of 
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Figure 4  Linear discriminant analysis scores of the enriched microbial functions in the healthy-controls (Red), chronic hepatitis B white tongue coating 
patients (Green) and chronic hepatitis B yellow tongue coating patients (Blue). LDA: Linear discriminant analysis.
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CHB patients with low ChildPugh scores[27]. Evidence 
is accumulating that the intestinal microbiome has 
good clinical prospects as a target for the treatment 
of chronic liver disease. Chinese scholars transplanted 
the intestinal flora of healthy volunteers into HBeAg
positive CHB patients with longterm antiviral treatment, 
and this approach showed a good effect on HBeAg 
seroclearance[28]. However, few studies have been 
performed on the oral microbiotas in CHB patients. In one 
of the limited reports, Ling et al[29] noted the decreased 
diversity of the oral microbiotas in supragingival plaque 
samples from patients with HBVinduced chronic liver 
disease. However, in this study, the richness and diversity 
of the tongue coating did not differ between the CHB 
patients and healthy controls. Ren et al[30] used 16S rRNA 
gene pyrosequencing and metagenomic sequencing to 
examine oral microbial compositions and their functional 
variations in children with halitosis. They found that the 
tongue coatings of the subjects with halitosis had greater 
bacterial richness than those of the healthy subjects, but 
the number of OTUs and the Chao levels were slightly 
lower in the saliva samples from the subjects with 
halitosis than in the healthy subjects. The microbiotas 
among individuals and habitats are highly personalized in 
the oral cavity[31]. Therefore, we concluded that the data 
differences in data might be due to the use of different 
sampling sites. 

Taxonomic and predicted function differences were 
found between the CHB yellow and white tongue coating 
patients in the LEfSe analysis. The CHB yellow tongue 
coating patients had specific clinical and microbiota cha-
racteristics that were distinct from those of the white 
coating patients. First, the CHB patients with yellow 
tongue coatings had significantly higher viral titers but 
lower ALB levels than the white coating patients (p < 

0.05). The remaining indicators of liver function, including 
TBIL, DBIL, ALT, AST, ALP, GGT and PT, exhibited 
elevated trend in the CHB yellow tongue coating patients. 
Because a yellow tongue is an important indicator for the 
diagnosis of CHB damp heat syndrome, the results are 
consistent with studies showing that the CHB damp-heat 
syndrome patients have higher ALT and AST levels[32], 
which indicats that these patients have greater liver 
damage. The correlation analysis between bacteria and 
metabolites also confirmed this outcome. The relatively 
dominant bacterial families in the CHB yellow tongue 
coating (Neisseriaceae and Gracilibacteria_bacterium
_oral_taxon_873) were negatively correlated with the 
SadenosylLmethionine level. SadenosylLmethionine, 
which is also known as SAM or AdoMet, is a donor in 
the methylation reactions of all mammalian cells but is 
found most abundantly in the liver. Patients with chronic 
liver disease have reduced AdoMet levels, and reduced 
hepatic AdoMet levels can contribute to the development 
of oxidative stress, steatohepatitis, and hepatocellular 
carcinoma (HCC)[33]. In addition, according to TCM, a 
yellow tongue coating is a manifestation of TCM hot 
Syndrome, which has been reported to be involved in 
inflammation or an immune regulation imbalance in 
the host[34,35]. Jiang et al[3] compared the yellow and 
white tongue coating microbiomes with those of gastritis 
patients and found that yellow dense tongue coating 
bacteria were associated with TCM hot syndrome
related inflammation such as halitosis, tonsil infection 
and periodontal inflammation. Therefore, we therefore 
hypothesized that the patients with CHB yellow tongue 
coatings might have had more inflammation, although 
this speculation requires further confirmation. Second, 
the yellow tongue coating subjects showed similarities 
at the phylum level with a gut disorder in patients 

HBV-DNA

f  Porphyromonadaceae

TC

ALB
BUN

Guanosine

f  Gracilibacteria bacterium oral taxon 873

S-adenosyl-L-methionine

f  Neisseriaceae

L-cystathionine

L-Phenylalanine
L-Tryptophan

L-Proline

L-Isoleucine

L-valine

L-Tyrosine

L-Leucine

Methionine
Citrulline

Glutamate

Xanthine

Glycyl-Valine

benzophenone

Urocanic acid

Hypoxanthine

f  Campylobacteraceae

f  Mycoplasmataceae

N-Acetyl-D-glucosamine

Figure 5  Associations of the tongue coating microbiotas with metabolites and clinical indices. Correlations were detected, and the indices with Spearman’s 
correlation coefficients > 0.3 were visualized in Cytoscape. Triangles represent clinical indicators, arrows represent metabolites and dots represent oral microbial 
families. If the correlations are negative, the connecting line is blue; if the correlation is positive, the connecting line is red. The line thickness represents the size of the 
correlation coefficient.
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with cirrhosis, which was manifested as a reduced 
abundance of Bacteroidetes and increased Proteobac
teria content[18,26,36]. The LEfSe analysis suggested 
that Neisseriaceae was enriched in the yellow tongue 
coating patients and was positively correlated with the 
serum HBVDNA level. Ling’s research reported that 
members of Neisseriaceae were significantly more 
abundant in the oral microbiota of liver cirrhosis patients 
than in those of CHB patients[29]. Lv et al[37] found that 
Neisseriaceae, which are opportunistic pathogens, were 
enriched in primary biliary cirrhosis (PBC) patients. Third, 
according to the LDA score, the inferred metagenomic 
pathways that were enriched in the CHB yellow tongue 
coating patients were mainly those involved in amino 
acid metabolism, and the detected metabolites were 
mainly essential amino acids, including Lproline, 
Lvaline, Lisoleucine, Lleucine, Llysine, glutamate 
and Ltryptophan, and were generally present in larger 
amounts trend in the yellow tongue coatings. The re
lationship between amino acid metabolism and the CHB 
patients with yellow tongue coatings is unclear, and 
relevant literature reports are limited. However, one report 
noted that people with the TCM damp-heat syndrome 
people with HBVrelated chronic liver diseases, whom 
mainly manifested yellow greasy tongue coatings, had 
increased leucine, phenylalanine and valine expression 
in urinary metabolomic studies[38], which indirectly ex
plained the severe disordered amino acid metabolism in 
CHB patients with the yellow coating. Finally, this study 
found that membrane transport (secretion system) and 
cell motility (bacterial motility proteins) were enriched in 
the yellow coatings, which indicated that the CHB yellow 
coating patients might be more susceptible to bacterial 
colonization. The functional analysis of tongue coating 
flora and metabolites in CHB white tongue coating 
patients lacked correspondence, the underlying reason 
might be the microbiotas functionality in the CHB white 
tongue coating patients were most likely related to 
genetic information processing, which association with 
metabolites is relatively little. 

Tongue diagnosis is a simple, noninvasive and valu
able procedure that has been repeatedly verified by 
TCM clinical practitioners. We found that the yellow and 
white tongue coatings of CHB patients had microbiota 
compositional and functional differences in this study, 
but the sample sizes were small. In the future, we will 
expand the sample size to verify the results of this study. 
In addition, we will focus on the relationship between 
changes in the oral and intestinal microbiota in dif
ferent tongue coating patients and explore the effects 
of oral microbiota variance on immunity and metabolic 
alterations in the body to further explain the modern 
theoretical mechanism of TCM tongue diagnosis. These 
studies will facilitate the development of therapeutic 
strategies for individualized treatment.

ARTICLE HIGHLIGHTS
Research background
Chronic hepatitis B is a major infectious disease in China and Chinese medicine 

has a wide range of applications in the treatment of CHB. Tongue diagnosis 
has important guiding significance for clinical syndrome differentiation and 
drug use in TCM, but lacks scientific explanations. Some reports have found 
abnormalities in the microbiota or metabolites in pathological tongue coatings. 
However, integrated analyses of the pathological tongue coating microbiotas 
and metabolites have rarely been reported. Elucidating the tongue coatings 
micro-features differences will promote our understanding of the TCM tongue 
diagnosis and facilitate therapeutic strategies for individualized treatment.

Research motivation
The motivation of this study was to explore the microfeatures of different tongue 
coatings, which could promote our understanding of the TCM tongue diagnosis 
from a modern perspective. 

Research objectives
The objective of this research was to elucidate tongue coating microbiota and 
metabolic differences in CHB patients with yellow or white tongue coatings.

Research methods
We collected tongue coating samples from 28 CHB yellow tongue coating 
patients and 25 CHB white tongue coating patients, and an additional 22 
samples were collected from healthy controls. The tongue coating bacterial 
16S ribosomal RNA gene V3 region was amplified and sequenced with the Ion 
Torrent PGM™ sequencing platform. The metabolites in the tongue coatings 
were examined using a LC-MS platform. The microbiota results were analyzed 
using Metastats analysis, the Kruskal-Wallis test and LEfSe analysis. The 
functionality of the microbiota was assessed using PiCRUST and compared 
among groups. The metabolomics enrichment analysis was performed with 
MetaboAnalyst 3.0 (http://www.metaboanalyst.ca). We correlated the microbiota 
with the clinical indices and metabolites and visualized the results with 
Spearman’s correlation coefficients > 0.3 and P < 0.05 in Cytoscape. 

Research results
This study found taxonomic and predicted function differences between the 
CHB yellow and white tongue coating patients. Distinct from those of the white 
coating patients, the CHB yellow tongue coating patients had specific clinical 
and microbiota characteristics. The microbiota of the CHB patients with yellow 
tongue coatings had similarities with a gut disorder in patients with cirrhosis at 
the phylum level, which manifested as a reduced abundance of Bacteroidetes 
and increased Proteobacteria content. Neisseriaceae, which is a dominant 
bacterial family enriched in yellow tongue coating patients, was positively 
correlated with the serum HBV-DNA level. The inferred metagenomic pathways 
enriched in the CHB yellow tongue coating patients were mainly those involved 
in amino acid metabolism, whereas the detected metabolites were mainly 
essential amino acids and generally were present in larger amounts than in the 
white tongue coatings.

Research conclusions
We found that the yellow and white tongue coatings of CHB patients had 
microbiota compositional and functional differences in this study.

Research perspectives
The sample size in this study was small. In the future, we will expand the 
sample size to further verify the results and focus on the relationship between 
changes in the oral and intestinal microbiotas to explore the effects of oral 
microbiota variance on immunity and metabolic alterations in the body. These 
studies will further explain the modern theoretical mechanism of TCM tongue 
diagnosis.
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