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Abstract
Background Gut microbiome dysbiosis has been reported in patients with in�ammatory bowel disease
(IBD). However, gut microbiome of healthy Japanese individuals differs from that of other populations
and gut microbiome of Japanese IBD patients has not been well characterized. We conducted a cross-
sectional study to characterize the gut microbiome of Japanese patients with Crohn’s disease (CD) and
ulcerative colitis (UC). Methods Two-hundred and eighty-four IBD patients (39 CD patients and 245 UC
patients) and 31 healthy participants were enrolled. Gut microbiome was analyzed by 16S rRNA amplicon
sequencing using Illumina Miseq. Results Signi�cant differences were observed among the gut
microbiome of CD patients, UC patients and healthy individuals. Species richness and evenness were
signi�cantly lower in patients with active IBD than in healthy individuals. At the genus level,
Bi�dobacterium was most abundant genera in all three groups. Pathogenic obligate anaerobes such as
Prevotella and Veillonella were increased and commensal bacteria such as Ruminococcus was
decreased in IBD patients compared with healthy individuals. Conclusions CD patients and UC patients
showed unique patterns of gut microbiome dysbiosis. Patients with active IBD had severe dysbiotic
changes. However, characteristic features of the gut microbiome of Japanese individuals, such as high
abundance of the genus Bi�dobacterium, were maintained in IBD patients.

Background
In�ammatory bowel disease (IBD) is a group of chronic relapsing in�ammatory disorders of the
gastrointestinal tract, including both ulcerative colitis (UC) and Crohn’s disease (CD) [1-3]. A number of
risk factors for IBD have been identi�ed, including ethnicity, genetics, diet and antibiotics usage, but the
pathogenesis of IBD remains poorly understood [4, 1, 5, 2]. Recently, the role of gut microbiota and host-
microbiome interactions in IBD pathogenesis have been the subject of much research [6-8].

Several previous studies have reported impairment of the gut microbiota (termed dysbiosis) in IBD
patients. In IBD patients, the diversity of intestinal microbiota, as re�ected by species richness and
evenness, appeared to decline [7, 9, 8]. The gut bacterial composition of the IBD patients also differed
from that of healthy controls. At the phylum level, Proteobacteria was increased and Firmicutes was
decreased in IBD patients [10, 11, 8]. Genus- and species-level analyses showed that pathogenic bacteria,
including the genus Veillonella and Escherichia coli, were elevated in IBD patients [12, 13]. The genera
Butyricicoccus and Roseburia are thought to play a protective role against IBD by producing butyric acid,
and their abundance is decreased in IBD patients [9, 6]. These dysbiotic change may in�uence the
development, prevention, progression and prognosis of IBD [1, 2, 14]. However, most IBD microbiome
studies have been conducted in Western countries and the microbiome of Japanese IBD patients has not
been well characterized.

A previous study showed that the gut microbiome of healthy Japanese individuals differed from that of
other populations [15]. The gut microbiome of Japanese individuals is characterized by increased
abundance of the phylum Actinobacteria, particularly the genus Bi�dobacterium [15, 16]. Functional
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analyses revealed that bacteria involved in carbohydrate metabolism were overrepresented in the
intestinal tracts of Japanese individuals [15]. The prevalence of IBD is lower in Japanese than in Western
populations [17], potentially due to differences in diet, genetic factors, and gut microbiome. Because the
healthy gut microbiome of Japanese individuals is unique, microbiome changes that occur during IBD
may differ in Japanese patients compared with individuals from other countries. Here, we conducted a
cross-sectional study to characterize the gut microbiome of Japanese IBD patients.

Methods
Ethics

This cross-sectional study protocol was approved by the Ethics Committee of Toho University Omori
Medical Center (Approval number: M16251). All participants provided written informed consent in
accordance with the principles laid out in the Declaration of Helsinki. This study was registered at the
University Hospital Medical Information Network Center (UMIN000033704).

Participants and sample collection

Patients with CD and UC were recruited from the Ohmori Toshihide Gastro-Intestinal Clinic, Saitama,
Japan. Eligible patients were Japanese individuals aged 16–90 years with a well-established diagnosis
of CD or UC based on clinical, endoscopic and histopathological criteria [18, 19]. Exclusion criteria
included infectious gastroenteritis, signi�cant acute or chronic coexisting illness, antibiotic use within the
last 4 weeks, and a history of colectomy. IBD patients were classi�ed into two sub-groups (remission or
active disease) according to the following criteria: (i) CD remission when CD activity index (CDAI) was <
150; (ii) active CD when CDAI was ≥ 150; (iii) UC remission when clinical activity index (CAI) was < 4; and
(iv) active UC when CAI was ≥ 4 [20, 21]. Healthy Japanese volunteers were recruited from Toho
University Omori Medical Center, Tokyo, Japan. Healthy participants showed no evidence of acute
gastroenteritis, gastrointestinal in�ammatory diseases or functional gastrointestinal disorders. In total,
284 IBD patients (39 CD patients and 245 UC patients) and 31 healthy participants were enrolled. We
obtained clinical and demographic data through standardized subject interviews and review of medical
records (Table 1). Study participants were instructed to collect a fecal sample within 8 h of their clinic
visit. Collected samples were stored at -20 °C in the clinic, then transported to the research laboratory and
stored at -80 °C until DNA extraction was performed.

DNA extraction and sequencing

 Genomic DNA (gDNA) was extracted using a Quick-DNA Fecal/Soil Microbe Miniprep Kit (Zymo
Research, Irvine, CA, USA), according to the manufacturer’s protocol with minor modi�cations [22]. Brie�y,
samples were heat-lysed at 70 °C for 10 min before the beating step. The mechanical bead beating step
was performed using FastPrep FP120 (Thermo Savant, Carlsbad, CA, USA) for 90 s at speed 5.5 to
enhance chemical, heat, and mechanical lysis. A blank sample was included as a control in the gDNA
extraction step to assess potential contamination.
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 Sequencing libraries were prepared for Illumina MiSeq sequencing (Illumina, San Diego, CA, USA). For
bacterial analysis, the primer set consisting of 341F (5′-CCTACGGGNGGCWGCAG-3′) and 806R (5′-
GACTACHVGGGTATCTAATCC-3′) was used to amplify the 16S rRNA V3 and V4 regions [23]. A 16S rRNA
library for the Illumina MiSeq platform was prepared as the manufacturer’s protocol [24]. The library was
sequenced with 2 × 300-bp paired-end reads on a MiSeq system using MiSeq v3 reagent kits (Illumina,
San Diego, CA, USA).

Sequence and statistical analyses

 MiSeq sequencing produced a total of 38,136,800 reads with a mean output of 121,069 ± 43,748 reads
per sample. Sequence data were submitted to DDBJ under the accession number DRA007220.

 Sequencing data were processed using CLC Genomics Workbench 11.0.1 and CLC Microbial Genomics
Module 3.5 (Qiagen, Redwood City, CA, USA) [25]. Overlapping paired-end reads were merged and
trimmed, and chimeric reads were �ltered using default parameters. The remaining reads were clustered
into operational taxonomy units (OTUs) with 97% identity using the Greengenes database (version 13_5)
as the reference [26]. OTUs with less than 300 reads were removed from the analysis, leaving a total of
1,107 bacterial OTUs.

 Samples were rare�ed to 6333 reads/sample, based on rarefaction analysis. Alpha diversity was
calculated as the number of observed OTUs and Shannon entropy by CLC Genomics Workbench [27].
Beta diversity was measured as unweighted and weighted UniFrac distance based on the OTU table by
CLC Genomics Workbench [28]. We used the Kruskal-Wallis test to compare alpha diversity and relative
abundance values between the groups using R and EZR [29, 30]. Permutational multivariate analysis of
variance (PERMANOVA) was performed to compare beta diversity using CLC Genomics Workbench.
Linear discriminant effect size analysis (LEfSe), which is an algorithm for identifying genomic taxa
whose relative abundances differ signi�cantly between groups [31], was used in the microbiome analysis
with default parameters. P values were corrected for multiple comparisons using the Bonferroni method
[32]. P values < 0.05 were considered statistically signi�cant.

Results
Japanese IBD patients had altered gut microbiome

 We �rst assessed the alpha diversity (as re�ected by the number of observed OTUs and Shannon
entropy) of gut microbiome. CD patients had signi�cantly lower species richness and evenness than UC
patients and healthy participants (Fig. 1). There was no statistical difference in alpha diversity between
UC patients and healthy participants (Fig. 1). Analysis of beta diversity, determined by principal
coordinates analysis using unweighted and weighted UniFrac distance metrics, showed that the bacterial
communities of the three clinical groups (CD, UC and healthy) were distinct from one another (P < 0.001
and P < 0.001, PERMANOVA) (Fig. 2 and Fig. S1).
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To determine which taxa differed between the three groups, we compared the relative abundances at
different taxonomic levels. Phylum-level analysis revealed that four phyla (Firmicutes, Actinobacteria,
Bacteroidetes, Proteobacteria) predominated in all three groups; the most abundant phyla were
Firmicutes followed by Actinobacteria (Fig. S2). The abundance of Actinobacteria, which was shown to
be predominant in the gut microbiome of Japanese individuals [15, 16], did not differ signi�cantly
between IBD patients and healthy participants.

 A total of 48 families were detected in all three groups. The median number of observed families was
lower in CD patients (23, interquartile range (IQR) 19.5–24.5) and UC patients (25, IQR 22–27) compared
with healthy participants (28, IQR 24–30) (Fig. S3). At the family level, we identi�ed the core microbiome
of each group, de�ned as the families present in all samples [33]. The core gut microbiome consisted of 9
families in healthy participants, four families in UC patients and three families in CD patients (Fig. 3).
Loss of the healthy core microbiome were observed in IBD patients; however, three families
(Bi�dobacteriaceae, Streptococcaceae and Veillonellaceae) were common to all three groups. Comparing
the relative abundance of members of the core microbiome (Fig. 4), we identi�ed a common perturbation
in IBD patients: a signi�cant increase of Veillonellaceae. CD patients had a signi�cant lower abundance
of Ruminococcaceae, Coriobacteriaceae and Erysipelotrichaceae than UC patients and healthy
participants. UC patients had a signi�cant lower abundance of Lachnospiraceae than healthy
participants.

 To identify major genus-level differences, we used LEfSe with default parameters [31]. LEfSe analysis
revealed that Ruminococcus were enriched in healthy participants, Veillonella and Enterococcus were
enriched in CD patients, and Megamonas, Faecalibacterium, Prevotella and Collinsella were enriched in
UC patients (Fig. 5).

 

Patients with active IBD showed severe dysbiotic changes

We next compared the gut microbiome of patients with active disease to those of patients in remission.
Among CD patients and healthy individuals, patients with active CD had the lowest alpha diversity (Fig.
S4). Beta diversity also differed signi�cantly between patients with active CD and healthy individuals (P <
0.001 and P < 0.05, PERMANOVA) as well as between CD patients in remission and healthy individuals (P
< 0.001 and P < 0.05, PERMANOVA) (Fig. S5). However, no signi�cant differences in alpha diversity (Fig.
S4) or beta diversity (P = 1 and P =1, PERMANOVA) (Fig. S5) were identi�ed between patients with active
CD and CD patients in remission.

Among UC patients and healthy individuals, patients with active UC had the lowest alpha diversity both in
terms of the number of observed OTUs and the Shannon index (Fig. S6). There was no signi�cant
difference of alpha diversity observed between UC patients in remission and healthy individuals (Fig. S6).
Beta diversity also differed signi�cantly between patients with active UC and healthy individuals (P <
0.001 and P < 0.01, PERMANOVA) as well as between UC patients in remission and healthy individuals (P
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< 0.001 and P < 0.001, PERMANOVA) (Fig. S7). However, there was no signi�cant difference in beta
diversity between the patients with active UC and UC patients in remission (P = 0.20 and P = 1,
PERMANOVA) (Fig. S7).

Discussion
Our study identi�ed the core gut microbiome of Japanese individuals and showed that IBD patients had
dysbiotic changes compared with healthy individuals.

 In agreement with previous studies analyzing the gut microbiome [15, 16], we observed that Japanese
individulals showed high abundance of the phylum Actinobacteria, particularly the genus
Bi�dobacterium. Interestingly, this feature was maintained in both CD and UC patients, despite their gut
microbiome dysbiosis. Bi�dobacterium has been shown to have bene�cial effects for human health, such
as improving mucosal barrier function and reducing in�ammation by producing short-chain fatty acids
and vitamins, and is used in probiotics as one treatment option for IBD [34-37]. A previous Western study
analyzing the treatment-naïve CD microbiome showed that Bi�dobacterium abundance decreased in CD
patients [7]. The high abundance of Bi�dobacterium in the gut microbiome of Japanese individuals was
considered as a potential factor explaining the low IBD prevalence in Japanese populations; however, in
our study, this unique feature was detected not only in healthy individuals but also in IBD patients.
Members of the genus Bi�dobacterium can have species-dependent effects [34, 36, 37], and thus further
species-level research is needed to understand the role of Bi�dobacterium in the pathogenesis of IBD.

Our study showed that number of observed families signi�cantly decreased in IBD patients with
concomitant loss of the core microbiome. At the genus level, pathogenic obligate anaerobes such as
Prevotella and Veillonella increased and commensal bacteria such as Ruminococcus decreased in the
IBD patients, in agreement with previous reports [12, 14, 38]. Prevotella and Veillonella have been shown
to promote chronic in�ammation and may have an important role in chronic diseases [39, 40]. Alterations
in microbiome and their metabolites are known to be involved not only in IBD pathogenesis but also in
different phases of disease progression, including development of complications and extraintestinal
disorders [41, 42].

The gut microbiome of patients with active UC, but not UC patients in remission, showed signi�cantly
decreased species richness and evenness compared with healthy individuals. Moreover, CD patients
showed more severe dysbiotic changes than UC patients in terms of decreased alpha diversity. This
change was more pronounced in patients with active CD compared with CD patients in remission. The
microbial diversity of patients with active IBD might be more in�uenced by various factors such as
increased anti-microbial proteins due to bleeding and the wash-away effect of frequent diarrhea [8]. By
contrast, there was no signi�cant difference in beta diversity between patients with active IBD and IBD
patients in remission. However, the principal coordinates analysis showed that the bacterial communities
of CD patients, UC patients and healthy individuals were distinct from one another. In case of di�cult
diagnoses, analysis of gut microbiome may contribute useful information in the future.
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This study had several limitations. First, it focused only on bacterial communities, but other organisms,
such as fungi, viruses, archaea and protozoa, may also play important roles in IBD [12]. Another limitation
was that we only included a few treatment-naïve IBD patients. Analyses of additional treatment-naïve IBD
patients and collection of samples before and after disease onset will be needed to understand the
in�uence of the gut microbiome on IBD.

Conclusions
We conducted a cross-sectional study to describe the gut microbiome of Japanese IBD patients and
found that CD patients and UC patients each showed unique patterns of gut microbiome dysbiosis.
However, the characteristic features of the gut microbiome of Japanese individuals, including high
Bi�dobacterium abundance, were maintained in IBD patients. Disease activity affected the gut
microbiome of Japanese IBD patients.
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Table 1. Characteristics of study participants     

 CD

N = 39

UC 

N = 245

Healthy

N = 31

 

Age, mean (SD), years 39 (11) 48 (14) 45 (14)  

Gender (male), n (%) 31 (79) 139 (57) 31 (45)  

Years since diagnosis, mean (SD), years 13.2 (6.8) 10.6 (7.8) NA  

WBC, mean (SD), count/dL 6100 (1903) 5866 (1670) NA  

Activity (active), n (%) 7 (18) 98 (40) NA  

Type of disease, n        

 Ileitis/ileocolitis/colitis 9/17/13 NA NA  

 Proctitis/left-sided colitis/pancolitis NA 68/95/82 NA  

Medications, n (%)        

 5-ASA compounds 35 (90) 228 (93) NA  

 Steroids 26 (67) 13 (5) NA  

 Immunosuppressant 4 (10) 5 (2) NA  

 Biologics 28 (72) 8 (3) NA  

               

Age, years since diagnosis and WBC counts were summarized by means.

Figures
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Figure 1

Alpha diversity indices of gut microbiome of CD patients, UC patients and healthy individuals. *p < 0.001,
the Kruskal-Wallis test.
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Figure 2

Principal coordinates analysis plots of beta diversity using unweighted UniFrac distance. CD patients, UC
patients and healthy individuals are colored red, blue and green respectively; p < 0.001, the PERMANOVA.
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Figure 3

Core gut microbiome of CD patients, UC patients and healthy individuals.
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Figure 4

Relative abundances (%) of core gut bacterial genera in CD patients, UC patients and healthy individuals.
*p < 0.05, the Kruskal-Wallis test.

Figure 5

LEfSe represented as a bar plot. Bars represent linear discriminant analysis scores.
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