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Abstract
Background: This study aimed at investigating the characteristics and correlation between oral (tongue
coating) and fecal microbiota in patients with diarrheal irritable bowel syndrome (IBS-D).

Methods: Fifty-two IBS-D patients were chosen, with ten healthy volunteers serving as the normal control
group. Tongue coating samples and fecal samples of subjects were sequenced for the 16S rRNA gene
(V4-V5). Bioinformatics analysis was done on the test data to investigate oral and fecal microbiota
composition characteristics in IBS-D patients.

Results: The microbial richness of tongue coating in IBS-D group was lower than that in the normal
control group (P < 0.05). The beta diversity of tongue coating microbiota and fecal microbiota was
signi�cantly different in the IBS-D group compared to the normal control group (P < 0.05).
Pseudomonadales (Pseudomonadaceae and Pseudomonas), Moraxellaceae, Parvimonas,
Peptostreptococcus, and Alloprevotella were considerably high in number the tongue coating samples of
the IBS-D group in comparison to the normal control group. Similarly, the fecal samples from the IBS-D
group were signi�cantly enriched in Alphaproteobacteria, Pseudomonadales (Pseudomonadaceae and
Pseudomonas), Acidaminococcaceae, Phascolarctobacterium, Alloprevotella, and Escherichia compared
to the normal control group.

Conclusions: The oral and fecal microbiotas of IBS-D patients differ considerably from those of the
control group; hence studying IBS-D from the perspective of the oral-gut microbiome axis is an interesting
research avenue.

Introduction
Irritable bowel syndrome (IBS) is a functional gastrointestinal disorder characterized by persistent or
intermittent abdominal pain and changes in stool form and frequency, but without morphological and
biochemical abnormalities that could explain the symptoms. According to epidemiological data [1], the
global prevalence of IBS is around 10%. Still, there are signi�cant differences between regions and
populations, with about 7% in Southeast Asia and the Middle East, 11.8–14.0% in North America and
Northern Europe, and 15.0–21.0% in southern Europe and South America. In China, the prevalence of IBS
in adults ranges from 1.4–15.8%, with students accounting for 33.3% [2]. IBS can be classi�ed into four
types, i.e., diarrhea-dominant type (IBS-D), constipation-dominant type (IBS-C), mixed type, and
unclassi�ed type, with IBS-D being the predominant subtype in China

IBS pathogenesis is not yet completely understood. However, in recent years, extensive research on IBS
pathophysiology has revealed some IBS etiology [3], such as bile acid metabolism disorders, abnormal
serotonin metabolism, brain-gut axis dysfunction, and altered intestinal permeability caused by
immunological activation, have been closely related to gut microbiota. The role of gut microbiota
dysbiosis in IBS-D pathogenesis receives increasing attention. De Palma G et al. [4] reported that germ-
free mice with fecal microbiota of IBS-D patients displayed changes in innate immune activation, quicker
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gastrointestinal transit, intestinal hypersensitivity, and intestinal barrier failure. Most research in recent
years has indicated that the gut microbiota of IBS-D patients differs signi�cantly from that of the general
population. The gut microbiota has the potential as a biomarker for IBS-D, although there is no
conclusion on the characteristics of IBS-D gut microbiota [1, 5].

In addition to the gut microbiota, oral microbiota has been found to be closely related to gastrointestinal
diseases in recent years. Although oral microbiota has been linked to the pathogenesis of colorectal
cancer [6], gastric cancer [7], and in�ammatory bowel disease [8], there have been few investigations on
the correlation between IBS-D and oral microbiota. Therefore, 16S rRNA gene sequencing technology was
used to detect the oral and fecal microbiota of IBS-D patients and normal people in this study to explore
the characteristics and correlation of oral and fecal microbiota IBS-D.

Methods
Participants

In this study, 52 patients who met the Roman IV diagnostic criteria for IBS-D were recruited between July
and October 2018 from the outpatients and inpatients department of gastroenterology at Hubei
Provincial Hospital of Traditional Chinese Medicine, while a group of ten healthy volunteers served
normal control group. All those patients were excluded from the study who had used antibiotics or
microbiotics within the past four weeks, were aged below 20 and above 60, and had other digestive
system disorders, such as peptic ulcers and in�ammatory bowel disease, as well as circulatory,
respiratory, urinary, endocrine, blood, and neuropsychiatric system problems; women who are pregnant,
menstruating, or breastfeeding; incomplete clinical data or failure to give tongue coating and fecal
samples. The study was approved by the Hubei provincial hospital of TCM, and all participants signed
informed consent forms. Table 1 shows the main features of IBS-D and normal control groups.  

Table 1

The general characteristics of the IBS-D group and normal control group.

  N Age (years) Gender (male/female)

IBS-D group 52 36.46 ±10.95 30/22

Normal control group 10 35.90 ± 9.42 6/4

P-value - 0.88 0.89

 

Sample Collection

Fresh fecal samples (1-3g) were collected by the subjects themselves in sterile medical stool collection
containers, returned within 60 min, and stored at -80 °C. If conditions do not allow it, the fecal sample can
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be stored at -20 °C and returned within 48 h. Tongue coating samples were collected as a source of
microbiota by scraping from the tongue coating surface of participants from back to front with sterile
cotton swabs on site. Cotton swabs with tongue coating samples were placed in a special sterile
collection tube and immediately stored at -80 °C. 

Library preparation

The genomic DNA was extracted from fecal and tongue coating samples using QIAamp DNA Stool Mini
Kit and the protease K lysis technique, and the V4-V5 region of the 16S rRNA gene was ampli�ed
(forward, 515F:5'-GTGCCAGCMGCCG

CGGTAA-3'; reverse, 926R:5'-CCGTCAATTCMTTTGAGTTT-3'). PCR products were electrophorized on a 2%
agarose gel, puri�ed using AxyPrep DNA Gel recovery kit (AXYGEN), and quanti�ed using the FTC-
3000TM real-time PCR. After preparing the DNA library, quantitative insights into microbial ecology
(QIIME) were utilized for high-throughput sequencing. 

Bioinformatics processing and statistical analysis

Effective sequence quality control, splicing, and sequence optimization were carried out for the original
sequence data. The processed data were clustered at 97% similarity using USEARCH software to obtain
the representative sequence of operational taxonomic units (OTUs). Then, using mothur software, OTUs
representative sequence was compared to the Silva128 database for species notes, with the con�dence
coe�cient set to 0.6. The rarefaction curve was used to assess the sequencing depth of samples. The �at
curve indicated that the sequencing data was adequate. The adequacy of the sample size was evaluated
by the cumulative species curve. If the curve tended to be �at with the increase of the sample size, it
indicated that the sample was su�cient and data analysis could be carried out. 

Chao index, ACE index, Shannon index, and Simpson index were used to evaluate the Alpha diversity of
data. Beta diversity was assessed using Bray-Curtis and unweighted UniFrac to calculate the distances
between samples and visualized by principal coordinate analysis (PCoA). Community structure and
community heat map were analyzed at phylum, class, order, family, and genus levels. Independent
sample T-test was used for measuring data comparison between the two groups, Chi-square test was
used for counting data comparison, Wilcoxon rank sum test was used for Alpha diversity comparison
between the two groups, and LEfSe analysis was used for comparison of community differences. P<0.05
was considered to demonstrate statistically signi�cant differences.,

Results
Sequencing quality analysis

A total of 62 tongue coating and fecal samples were sequenced. Tongue coating samples yielded
3147661 effective sequences and 2729527 optimized sequences. The average length of optimized
sequences was 371bp, while a total of 3185812 effective sequences and 2732592 optimized sequences
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were obtained for fecal samples, where the optimized sequences had an average length of 371bp. As
shown in Figure 1, both the rarefaction curve and the species accumulation curve indicated that the
sequencing had reached a plateau, indicating that the sampling and sequencing depth was su�cient for
subsequent analysis.

OTU-based diversity analysis 

A total of 371 OTUs were obtained from tongue coating samples, 46 of which were unique to the IBS-D
group and 28 to the normal control group. Similarly, 525 OTUs were obtained from fecal samples, 194 of
which were unique to the IBS-D group and 15 unique to the normal control group. The alpha diversity
re�ected bacterial abundance and diversity, and the observed index (P = 0.0013), Chao index (P = 0.0245),
and ACE index (P = 0.0172) of tongue coating microbiota in IBS-D group were signi�cantly lower than
those in the normal control group. As shown in Figure 2 and Table 2, the Shannon and Simpson indexes
revealed no signi�cant difference between the two groups (P > 0.05). Table 2 shows that PD whole tree
index of fecal microbiota was signi�cantly higher in IBS-D group than in the normal control group (P =
0.00033). However, there were no signi�cant differences in Chao index, ACE index, or Shannon index
between the two groups (P > 0.05).

Table 2

 Alpha diversity analysis of IBS-D and normal control groups. 

The differences in bacterial community structure are re�ected in beta diversity. PCoA plots based on the
bray-Curtis method and the unweighted UniFrac method were performed on tongue coating and fecal
samples to assess differences between the two groups. As shown in Figure 3, the closer the distance, the
more similar the bacterial structure of the two samples. The Anosim test revealed that the beta diversity
of tongue coating microbiota was signi�cantly different in IBS-D group compared to the normal control
group (Bray-Curtis: R = 0.170, P = 0.013; UniFrac: R = 0.170, P = 0.013). The beta diversity of fecal
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microbiota differed from the control group (Bray Curtis: R = 0.0008, P = 0.477; UniFrac: R = 0.529, P =
0.001).

Analysis of species composition 

The microbiota can be annotated using 16S rRNA sequencing at six different species classi�cation levels
(phylum, class, order, family, genus, and species). This paper primarily explained microbiota species
composition of phylum and genus classi�cation levels. At the phylum level, the top four tongue coating
microbiota of richness in the IBS-D group compared with normal control group were Bacteroidetes (33.8%
vs. 30.8%), Firmicutes (30.7% vs. 34.3%), Proteobacteria (21.0% vs. 17.8%), and Fusobacteria (9.9% vs.
9.0%), while the fecal microbiota were Bacteroidetes (65.3% vs 66.1%), Firmicutes (24.1% vs. 28.2%),
Proteobacteria (7.5% vs. 4.3%) and Fusobacteria (2.8% vs. 1.3%). Figures 4A and 4B show the
composition of tongue coating and fecal microbiota in two groups at the phylum level. At the genus level,
the top four tongue coating microbiota of richness in the IBS-D group compared with normal control
group were Prevotella (19.0% vs 20.7%), Neisseria (14.4% vs 10.2%), Streptococcus (11.3% vs. 12.7%),
and Veillonella (11.3% vs. 12.7%) (9.7% vs. 11.1%).  The fecal microbiota of IBS-D group was dominated
by Bacteroides (39.5%) and Prevotella (18.8%), while Bacteroides (58.2%) dominated the normal control
group. Figures 4C and 4D show the genus-level composition of tongue coating and fecal microbiota. 

Analysis of differential microbiota

LEfSe analysis results revealed signi�cant differences in tongue coating and fecal microbiota between
control and IBS-D groups, As shown in Figure 5. Pseudomonadales, Pseudomonadaceae, Pseudomonas,
Moraxellaceae, Peptostreptococcus, Parvimonas, and Alloprevotella were relatively enriched in the IBS-D
group, while Alphaproteobacteria, Sphingobacteria, Micrococcales, and Lentimicrobiaceae in the normal
control group. Similarly, the fecal samples of IBS-D group were relatively enriched in Pseudomonadales,
Pseudomonadaceae, Pseudomonas, Alphaproteobacteria, Acidaminococcaceae, Phascolarctobacterium,
Alloprevotella, and Escherichia, while in Chloro�exi, Thermomicrobia, Rickettsiales, and
Phyllobacteriaceae in the normal control group.

Discussion
Many studies have proved that gut microbiota disorder is closely related to IBS-D [9]. The gut microbiota
may be involved in IBS-D occurrence and progression in various ways, including neural, immune, and
endocrine [10]. There is no uni�ed conclusion on the characteristics of IBS-D gut microbiota. Some
research results are inconsistent, but most studies con�rm that the fecal microbiota of IBS-D patients is
signi�cantly different from that of the normal population, primarily manifested as a decrease in
probiotics, an increase in opportunistic pathogens, and a decrease in Firmicutes/Bacteroides ratio [9, 11].

Furthermore, most current studies are based on fecal and mucosal-associated microbiota, with only a few
studies on oral (tongue coating) microbiota. The oral cavity and intestinal tract are two important organs
of the human digestive system, and their microbiota is closely related. Studies have shown that some
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resident bacteria and pathogenic immune cells in the oral cavity can migrate to the lower digestive tract,
causing gut microbiota imbalance and in�ammation [12]. The relationship between oral (tongue coating)
microbiota and gastrointestinal diseases is relatively a new research dimension.

Chao and ACE indexes of tongue coating microbiota were signi�cantly lower in IBS-D patients than in the
normal population in this study. In contrast, Shannon and Simpson indexes revealed no signi�cant
difference, indicating that the richness of IBS-D oral (tongue coating) microbiota was reduced, while the
diversity of oral microbiota was not changed signi�cantly. The richness and diversity of fecal microbiota
did not decrease signi�cantly in IBS-D patients. Previous research on the alteration of Alpha diversity in
IBS-D fecal microbiota is still debatable. Some studies have indicated that the richness or diversity of gut
microbiota in IBS-D patients is lower than in the normal population [13, 14]. However, several studies have
also reported no signi�cant difference in the Alpha diversity of gut microbiota between IBS-D patients and
the normal population [15, 16]. Pittayanon et al. [9] conducted a meta-analysis and discovered that the
decrease in microbial richness in IBS-D patients was not common, which is consistent with the �ndings
of our study. The decrease in Alpha diversity cannot be considered a characteristic manifestation of IBS-
D patients. However, this study demonstrated that a decrease in oral (tongue coating) microbial richness
might be more directly connected to IBS-D. The relationship between oral microbial richness and IBS-D
urges additional investigation.

The gut microbiota composition in IBS-D patients differed signi�cantly from that in the normal
population [17], which was also veri�ed in this work. The two most important gut microbiota
communities are Bacteroidetes and Firmicutes. This study also discovered that Bacteroidetes and
Firmicutes accounted for more than 85% of the gut microbiota in both IBS-D patients and the normal
population. Bacteroidetes and Firmicutes are associated with carbohydrate breakdown, which can help
the body absorb and store energy. An imbalance between the two may cause obesity and in�ammatory
bowel disease [18]. It has been reported that IBS-D patients have a lower Firmicutes/Bacteroidetes ratio
than the normal population [19]. Although this phenomenon was not observed in the fecal samples
collected for this study, Firmicutes/Bacteroidetes < 1 were found in tongue samples, which differed from
the normal population. The �ndings suggest that, compared to fecal microbiota, the imbalance of
Firmicutes/Bacteroidetes ratio in oral microbiota of IBS-D patients is more worthy of our concern.

This study discovered that Pseudomonadales, Pseudomonadaceae, Pseudomonas, and Alloprevotella
were enriched in the tongue coating and fecal microbiota of IBS-D patients using species difference
analysis. Concurrently, Rickettsiales, Oceanospirillales, Bacteroidaceae, Bacteroides, Phyllobacteriaceae,
Halomonadaceae, and Halomonas were scarce. Many opportunistic pathogens, such as Pseudomonas
aeruginosa, are found in Pseudomonas [20], which might result in a microecological imbalance in the
intestine. Alloprevotella can produce diarrhea by promoting the formation of short-chain fatty acids and
in�ammation [21, 22], whereas prolonged low-grade in�ammation and excessive short-chain fatty acids
can cause diarrhea. The typical microbiota of IBS-D may contain Pseudomonas and Alloprevotella.
Rickettsiales also have many opportunistic pathogens [23], and its association with IBS-D is still
unknown. According to a previous report [24], the decrease in Oceanospirillales may be associated with
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an in�ammatory reaction. The reduction of Oceanospirillales could be one of the mechanisms
encouraging an intestinal low-grade in�ammatory response in IBS-D patients. Bacteroides are involved in
many intestinal metabolic processes such as glucose metabolism, nitrogenous material utilization, and
bile acid biotransformation. However, the different effects of Bacteroides richness on the body are still
controversial [25, 26]. Brown et al. [27] hypothesized that Bacteroides-derived sphingolipids play an
important role in maintaining intestinal homeostasis and symbiosis. Decreased abundance of
Bacteroides may lead to IBS-D by altering intestinal metabolic function and compromising homeostasis.
Phyllobacteriaceae participates in the nitrate metabolic pathway [28], and nitrate metabolites are
associated with intestinal mucosal integrity and in�ammation [29, 30]. Halomonadaceae and Halomonas
are associated with glutamate metabolism [31], and glutamate is an excitatory neurotransmitter in the
Microbiota-Gut-Brain axis [32], which plays a vital role in the pathogenesis of IBS-D.

This study also discovered that the abundance of Escherichia and Escherichia coli in fecal samples from
IBS-D patients was greater than in the normal population. Our work is in line with past research. A meta-
analysis by Wang et al. [33] discovered that the richness of Escherichia coli in the fecal microbiota of IBS
patients tended to rise. Therefore, the increase of opportunistic pathogens represented by Escherichia coli
is one of the fecal microbiota characteristics of IBS-D. It has been reported [34] that the richness of
Lactobacillus and Bi�dobacterium decreased in IBS-D patients; however, this result was not in line with
the current study, where the results indicated that the decrease of probiotics such as Lactobacillus and
Bi�dobacterium in IBS-D patients was not common. Ford et al. [35] also considered that the degree of
evidence for probiotic treatment of IBS-D is low and that its effectiveness has to be con�rmed further. The
abundance of Phascolarctobacterium in fecal samples from IBS-D patients was elevated in this study.
Phascolarctobacterium is a Gram-negative anaerobic bacterium with a high colonization rate in China
that can increase the formation of short-chain fatty acids like acetate and propionate [36]. However, it has
been observed [37, 38] that Phascolarctobacterium can prevent Clostridium di�cile infection and lower
intestine succinic levels in treating in�ammatory bowel disease. The connection between
Phascolarctobacterium and IBS-D is currently unknown. Prevotella is the most common genus of oral
(tongue coating) bacteria. There was no signi�cant difference in Prevotella abundance between patients
with IBS-D and the normal population in this study; however, the richness of Parvimonas and
Peptostreptococcus increased in the oral microbiota of IBS-D patients. Some study has found that oral
Parvimonas and Peptostreptococcus are correlated with gastrointestinal diseases in recent years [39], but
their relationship with IBS-D has not been established.

Furthermore, this study discovered some similarities between the oral microbiota and fecal microbiome
of IBS-D patients. There may be crosstalk between oral and gut microbiota (Oral-Gut Microbiota Axis)
which can synergistically participate in the pathogenesis of gastrointestinal diseases [40]. It is a
worthwhile research direction to investigate the pathogenesis of IBS-D from the standpoint of the Oral-
Gut Microbiota axis.

Conclusions
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Our results showed that the oral and fecal microbiota composition in IBS-D patients differed signi�cantly
from that in the normal population. Pseudomonadales, Pseudomonadaceae, Pseudomonas, and
Alloprevotella were enriched in the tongue coating and fecal microbiota of IBS-D patients. Compared to
fecal microbiota, the imbalance of Firmicutes/Bacteroidetes ratio in oral microbiota of IBS-D patients is
more worthy of our concern. In addition, a decrease in oral microbial richness also might be more directly
connected to IBS-D. Hence studying IBS-D from the perspective of the oral-gut microbiome axis is an
interesting research avenue.
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Figure 1

Rarefaction curves and species accumulation curves of tongue coating samples and fecal samples. (A)
Rarefaction curves of tongue coating samples; (B) rarefaction curves of fecal samples; (C) species
accumulation curve of tongue coating samples; (D) species accumulation curve of faecal samples. Con,
normal control group.
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Figure 2

Comparison of alpha diversity of tongue coating microbiota in IBS-D and normal control groups. ZS,
tongue coating samples from normal control group; IS, tongue coating samples from IBS-D group. 
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Figure 3

Comparison of beta diversity of tongue coating microbiota and fecal microbiota in IBS-D and normal
control groups. (A) Bray-Curtis analysis of tongue coating microbiota; (B) Unweighted UniFrac analysis of
tongue coating microbiota; (C) Bray-Curtis analysis of fecal microbiota; (D) Unweighted UniFrac analysis
of fecal microbiota. The horizontal and vertical coordinates respectively represented a principal
component, and the percentage represented the contribution of the principal component to sample
differences. Each dot in the �gure represented a sample, and samples from the same group were
represented in the same color.
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Figure 4

The composition of tongue coating and fecal microbiota in two groups at phylum and genus level. (A)
Species distribution and heatmap of tongue coating microbiota at phylum level; (B) species distribution
and heatmap of fecal microbiota at phylum level; (C) species distribution and heatmap of tongue coating
microbiota at genus level; (D) species distribution and heatmap of fecal microbiota at genus level. The
shades of color in the heatmap indicate the richness of microbiota, and the colors from blue to red
indicate the richness from low to high. ZS, tongue coating samples of normal control group; IS, tongue
coating samples of IBS-D group; ZF, fecal samples of normal control group; IF, Fecal samples of IBS-D
group.



Page 17/17

Figure 5

Cladogram generated by LEfSe analysis of IBS-D and normal control groups. (A) Tongue coating
microbiota of IBS-D and normal control groups; (B) Fecal microbiota of IBS-D and normal control groups.
The circles radiating from the inside out represent the classi�cation levels of phylum, class, order, family,
genus, and species. Each small circle on a different circle layer represents a classi�cation at that level,
and the diameter of the small circle is proportional to richness. Color principle: red is the dominant
species of IBS-D group, green is the dominant species of normal control group, yellow is the species with
no signi�cant difference between the two groups. ZS, tongue coating samples of normal control group;
IS, tongue coating samples of IBS-D group; ZF, fecal samples of normal control group; IF, fecal samples of
IBS-D group.


