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 Background: Bifidobacterium is a potentially effective and safe treatment for patients with inflammatory bowel disease (IBD), 
including ulcerative colitis and Crohn’s disease. However, information on the influence of B. bifidum on gut mi-
crobial diversity of treated and pretreated IBD patients is limited.

 Material/Methods: Our study investigated therapeutic and preventive effects of B. bifidum ATCC 29521 on C57BL/6 mice with dex-
tran sulfate sodium (DSS)-induced acute colitis via 16S ribosomal ribonucleic acid (rRNA) gene sequencing.

 Results: Treatment and pretreatment of mice with B. bifidum ATCC 29521 significantly alleviated the severity of acute 
colitis on the basis of clinical and pathologic indicators. 16S rRNA gene sequencing showed that administration 
of B. bifidum shifted composition of the gut microbiome in mice with DSS-induced colitis in both treated and 
pretreated groups. Mice pretreated with B. bifidum ATCC 29521 for 21 days exhibited a significant increase in 
diversity of the gut microbiome. Principal coordinate analysis showed that gut microbiota structure was shaped 
by different treatments and time points. On the basis of linear discriminant analysis of effect size, the abun-
dance of the genus Escherichia-Shigella, belonging to the family Enterobacteriaceae, was reduced in the B. bif-
idum-treated group, indicating that pathogens were inhibited by the B. bifidum treatment. Furthermore, the 
genera Intestinimonas and Bacteroides were significantly associated with the B. bifidum-pretreated group.

 Conclusions: 16S rRNA gene sequencing showed that pretreatment with B. bifidum ATCC 29521 reduced intestinal inflam-
mation and altered the gut microbiota to favor the genera Intestinimonas and Bacteroides.
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Background

Inflammatory bowel disease (IBD) describes a group of chronic 
and recurrent intestinal inflammatory diseases, including ulcer-
ative colitis (UC) and Crohn’s disease (CD). Although the etiol-
ogy remains largely unknown, a reasonable hypothesis is that 
the intestinal microbiota or gut microbiome activates abnor-
mal and hyperactive immune responses in a genetically sus-
ceptible host, resulting in chronic inflammation [1,2]. Gut mi-
crobiota, consisting of many microbial species and bacteria, 
makes up a protective system for the gastrointestinal tract [3]. 
The gut microbiome, as a microbial community, mainly includes 
viruses, bacteria, and fungi [4]. Current treatment paradigms 
for IBD are based on the use of 5-aminosalicylic acid, cortico-
steroids, thiopurines, and infliximab, among other agents, but 
these standard protocols are not satisfactory; that is, a drug 
treatment with a nonrelapsing cure rate is not available for 
IBD. Therefore, nontoxic treatment choices have been increas-
ingly used to improve IBD-associated intestinal inflammation.

Probiotics are defined as live microorganisms that provide 
health benefits to the host when administered in adequate 
amounts (Food and Agriculture Organization/World Health 
Organization, 2002). Different probiotic strains have been used 
as selective medications to alleviate the symptoms of IBD [5-8]. 
The mechanisms involved in the host-beneficial effects are nu-
merous, including inhibiting the growth of pathogenic micro-
organisms, competing with pathogens for nutrients and nich-
es to prevent colonization of the host by pathogens, rectifying 
intestinal microbial imbalance, regulating the immune system, 
and producing substances that contribute to cell proliferation 
and maturation [9-11]. Increasing the number of probiotics in 
the gut, such as mucosa-associated Bifidobacterium spp and 
Lactobacillus spp, can alleviate dysbiosis by inducing a decrease 
in the levels of pathogens such as Escherichia coli in patients 
with IBD [12-14]. Because IBD has multiple correlations with 
the gut microbiota, preventive strategies that target abnormal-
ities in the composition of the gut microbiota may inspire new 
possibilities for effective treatments that may support the use 
of specific probiotics in patients with IBD [15].

Bifidobacterium species have been widely used as probiotics 
to prevent or treat gastrointestinal diseases. Dextran sulfate 
sodium (DSS)-induced colitis is the most widely used chemical 
model of intestinal inflammation, with DSS causing the death 
of epithelial cells, which in turn compromises barrier functions 
and leads to subsequent inflammation [16]. The DSS model of 
acute colitis is beneficial for studying epithelial healing and the 
development of regulatory immune responses, which are part 
of the spontaneous recovery after termination of DSS treat-
ment [17]. Reportedly, the enteric microbiota is involved in 
the suppression of acute colitis in DSS models [17]. The ben-
eficial effects of Bifidobacterium breve administration in IBD 

have been shown in both acute and chronic DSS-induced coli-
tis [18,19]. Bifidobacterium bifidum 231 can also facilitate the 
recovery of damaged tissue in rats with trinitrobenzenesulfon-
ic acid-induced UC, resulting in beneficial effects on cell ad-
hesion and immunomodulatory properties [6]. Bifidobacterium 
bifidum ATCC 29521, a representative strain of Bifidobacterium 
spp., has been reported to modulate the composition of the 
microbiota or microbiome in the intestinal tract by increasing 
the number of beneficial bacteria and reducing harmful bac-
terial populations in healthy BALB/c mice on the basis of poly-
merase chain reaction-denaturing gradient gel electrophoresis 
data [20]. Acknowledgment of the 16S ribosomal ribonucleic 
acid (rRNA) gene as a critical standard for identifying bacteria 
has been widely applied for determining the gene sequence 
of bacterial species [21].

Therefore, this study aimed to use 16S rRNA gene sequenc-
ing to investigate effects of pretreatment for 21 days with B. 
bifidum ATCC 29521 in a C57BL/6 mouse model of acute coli-
tis induced by DSS.

Material and Methods

Animals

Eighty female specific-pathogen-free C57BL/6 mice (9-10 weeks 
old, 20±2 g) were purchased from Beijing Vital River Laboratory 
Animal Technology Co., Ltd. (Beijing, China). The mice were 
maintained under the same conditions, with a constant tem-
perature (20-25°C) and humidity (40-70%). Food (chow; Teklad 
7964 rodent diet, Harlan, Madison, WI), water, bedding, and 
cages were autoclaved.

All experiments were approved by the Guangdong Medical 
University Animal Experimental Ethics Committee.

Bacterial	Strains	and	Culture	Conditions

Bifidobacterium bifidum ATCC 29521 was purchased from the 
American Type Culture Collection (Manassas, VA). Before the 
experiments, the microorganisms were revived through 2 suc-
cessive transfers in de Man-Rogosa-Sharpe medium (Oxoid, 
Hampshire, UK) supplemented with 0.05% l-cysteine hydro-
chloride at 37°C for 48 h in an anaerobic incubator.

Induction	of	Experimental	Colitis	and	Bacterial	
Colonization in Mice

DSS (36-50 kDa; MP Biomedicals, Aurora, OH) was dissolved 
in distilled water at a concentration of 3% (w/v) and was ad-
ministered to the mice for 7 days to induce acute colitis. 
Bifidobacterium bifidum ATCC 29521 pellets were collected by 
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centrifugation, after which the cells were washed and resus-
pended in saline. As shown in Figure 1, the 80 mice were ran-
domly divided into 2 groups, a treated group and a pretreat-
ed group, with each group then being randomly divided into 
2 subgroups of 20 mice each; these subgroups were treated 
with saline or B. bifidum ATCC 29521. The subgroups treated 
with saline or B. bifidum were named the treatment-with-saline 
(treated SL) group and treatment-with-B. bifidum ATCC 29521 
(treated BB) group, respectively, whereas in the pretreated 
group, the respective groups were named the pretreatment-
with-saline (pretreated SL) group and pretreatment-with-B. bif-
idum ATCC 29521 (pretreated BB) group. The mice in the treat-
ed BB group were treated with B. bifidum for 2 weeks, starting 
at the time of DSS administration (which lasted for 7 days), 
with the pretreated BB group receiving treatment for 3 weeks 
before DSS administration; the respective number of days of 
treatment thus amounted to 14 and 35 days. The mice in the 
test groups were also colonized with B. bifidum ATCC 29521 at 
a dose of 1×109 colony-forming units resuspended in 0.5 mL 
of saline, administered once daily by oral gavage. The mice in 
the control groups were given 0.5 mL of saline by oral gavage.

The feces of the mice in the pretreated group were collect-
ed at days 0, 21, and 35 (before B. bifidum colonization [preB 
BB] and before the saline group [preB SL]) after 3 weeks of 
B. bifidum colonization (preA BB) and saline (preA SL) and on 

the day of sacrifice (preT BB, preT SL). However, the feces of 
the mice in the treated group were only collected at day 14, 
the day of sacrifice. The mice were anesthetized with diethyl 
ether via intraperitoneal injection (3 mL/kg) and were euth-
anized at day 14 or 35 in the treated and pretreated groups, 
respectively (Figure 1).

Weight and Clinical Score Assessment

The mice were weighed every day, and their clinical scores were 
evaluated accordingly. Weight data are shown as the percent-
age of the initial weight. The clinical activity score (CAS) [22] 
was determined on the basis of body weight, stool consisten-
cy, and occult blood. Weight loss was scored as 0, no weight 
loss; 1, 1-5%; 2, 5-10%; 3, 10-15%; or 4, >15%. Stool consis-
tency was scored as 0, well-formed pellets; 2, pasty and semi-
formed stools that did not stick to the anus; or 4, watery diar-
rhea that did stick to the anus. Intestinal bleeding was scored 
as 0, hemoccult negative; 2, hemoccult positive; or 4, gross 
bleeding. The individual scores were added and divided by 3, 
resulting in a CAS that ranged from 0 to 4.

Histopathology

Mouse colons were fixed with 10% paraformaldehyde, embed-
ded in paraffin using a standard protocol, cut into 4-μm sections, 
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Figure 1.  Experimental design for this study. (A) Mice were treated with saline or Bifidobacterium bifidum ATCC 29521 from days 0 to 
14 (2 weeks) and received dextran sulfate sodium (DSS) from days 0 to 7 in the treated groups. (B) Mice were treated with 
saline or B. bifidum ATCC 29521 from days 21 to 35 (5 weeks) and received DSS from days 0 to 7 in the pretreated groups.
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stained with hematoxylin and eosin, and assessed under a light 
microscope. Histopathologic changes were scored as follows: 
depth of the ulcer: 0, no ulcer; 1, mucosal involvement; 2, mu-
cosal-submucosal involvement; 3, penetration of the muscula-
ris propria; or 4, full-thickness involvement. Extent of the ulcer: 
0, no ulcer; 1, punctate; 2, minimal; 3, moderate; or 4, wide-
spread. Presence of inflammation: 0, none; 1, minimal; 2, mild; 
3, moderate; or 4, severe. Extent of inflammation: 0, none; 1, 
mucosal; 2, mucosal-submucosal involvement; 3, mucosal-sub-
mucosal muscle penetration; or 4, full-thickness involvement. 
Location of fibrosis: 0, none; 1, mucosa only; 2, mucosa and 
submucosa; 3, including the muscle layer; or 4, full-thickness 
fibrosis. For each mouse, the scores from the 5 parts were add-
ed to obtain histologic scores that ranged from 0 to 20 [23].

Deoxyribonucleic Acid (DNA) Extraction and 16S rRNA 
Gene Sequencing

Total DNA was isolated from the feces using a stool DNA ex-
traction kit (Qiagen, Hilden, Germany) according to the man-
ufacturer’s instructions. The 16S rRNA gene sequencing was 
carried out as described by a previous study [24], with a few 
modifications. The 16S rRNA gene was sequenced in a region 
that targeted the V4 variable region, and the bacterial ge-
nome was sequenced on an Illumina HiSeq instrument with 
the barcoded primers 515F (GTGCCAGCMGCCGCGGTAA) and 
806R (GGACTACHVGGGTWTCTA AT) according to protocols pro-
vided by Novogene Bioinformatics Technology (Beijing, China). 
Paired-end reads, 250 base pairs in length in each direction, 
were generated, and the overlapping reads were assembled.

Statistical Analysis

Weight data are shown as the percentage of the initial weight. 
Differences in weight loss and histologic scores obtained from 
the groups were examined using an independent-sample t test. 
Single-factor repeated measures and analysis of variance were 
performed to evaluate CAS. After low-quality sequences were 
filtered out, the high-quality sequences were analyzed. The 
assembled reads were clustered into operational taxonomic 
units (OTUs) using scripts from UPARSE software (v7.0.1090), 
defined at a 97% similarity level. The Shannon, Chao 1, and 
ACE indexes were used to evaluate the a diversity, and the b 
diversity was assessed by principal coordinate analysis (PCoA). 
A comparison of the relative abundances between groups 
was performed by the nonparametric Mann-Whitney U test. 
Microbial diversity and statistical analyses were implement-
ed in Quantitative Insights into Microbial Ecology (QIIME) and 
SPSS 19.0 version. P<0.05 was considered statistically signif-
icant. Differentially abundant features were determined us-
ing linear discriminate analysis effect size (LEfSe). LEfSe is an 
algorithm for high-dimensional biomarker discovery and ex-
planation that identifies genomic features by characterizing 

the differences between 2 or more biological conditions. The 
threshold on the logarithmic local-density approximation score 
for discriminative features was 4.0.

Results

Fecal	Condition	and	Body	Weight

All mice survived throughout the whole process of the exper-
iment. All mice showed weight loss and hematochezia, and 
several had diarrhea after the DSS treatment. According to 
the weight curve, DSS treatment led to a peak decrease in 
body weight on days 10 and 11, followed by a gradual return 
to baseline levels. After 2 weeks of B. bifidum administration, 
no significant difference was observed between control and 
B. bifidum-treated mice in the treated group. In the pretreat-
ed group, from days 31 to 34, the DSS-induced decrease in 
body weight was significantly less in mice treated with B. bifi-
dum compared with the control groups (Figure 2A, 2B). Clinical 
symptoms were also assessed using CAS. Compared with the 
control groups, the mice treated with B. bifidum showed better-
formed stools with less evident blood in both the treated and 
the pretreated groups. After exposure to DSS, the CAS curve 
notably increased on day 4 and then gradually decreased on 
day 9 after reaching its peak. After treatment with B. bifidum, 
the CASs for mice in both the treated and the pretreated groups 
were significantly decreased compared with the values for the 
control mice with colitis (P<0.05). Particularly, mice pretreated 
with B. bifidum exhibited a more significant decrease in CAS 
compared with the control group (P=0.000) (Figure 2C, 2D).

Effect of B. bifidum ATCC 29521 on Histologic 
Inflammation

Mice with DSS-induced colitis displayed a shorter intestinal 
length due to intestinal inflammation. Intestinal shortening was 
curtailed in mice treated or pretreated with B. bifidum when 
compared with that in the control groups, although significant 
differences were not observed (treated SL group [6.9±0.6 cm] 
vs treated BB group [7.1±0.4 cm] and pretreated SL group 
[7.0±0.3 cm] vs pretreated BB group [7.3±0.5 cm]) (Figure 3A).

Pathologic inflammation was assessed using histologic colonic 
severity scores that combined the extent and depth of inflam-
mation and ulceration. In both the treated and the pretreated 
groups, the histologic colonic severity scores were higher in 
mice that received saline than in those that received B. bifidum 
(treated SL group [9.3±2.4] vs treated BB group [7.4±2.9] and 
pretreated SL group [9.5±1.9] vs pretreated BB group [5.9±2.1]) 
(Figure 3B). In addition, the histologic scores were significant-
ly lower in mice pretreated with B. bifidum than those in con-
trol mice (P<0.05).
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Histologic inflammation in mice with DSS-induced colitis in-
cluded erosion, crypt shortening or disappearance, edema, and 
neutrophilic infiltrates in the mucosa and lamina propria. Mice 
in the control groups showed increased infiltration of inflam-
matory cells within the epithelium (primarily neutrophils), dis-
appearance of glandular epithelium, moderate to severe ero-
sion of lamina propria mucosa, and even ulcerative damage. 
Mice treated with B. bifidum tended to show less severe ef-
fects as evidenced by lower inflammatory cell infiltration and 
inconsecutive erosion of epithelium (Figure 3C-3F).

Overview of Sequencing Analysis

Stool samples were collected from each mouse at different time 
points and then pooled for the mice from the same group and 
same time points before DNA extraction. In total, 32 DNA sam-
ples were sequenced using a MiSeq instrument. After control-
ling for the quality of the raw sequences, we obtained 534 506 
and 1 493 777 high-quality 16S rRNA gene sequences for the 
treated and the pretreated groups, respectively, with respective 

averages of 66 813 and 62 241 sequences per sample. Using 
a 97% identity threshold, the sequences were clustered into 
3685 and 6176 OTUs, respectively, with respective averages 
of 461 and 527 OTUs per sample.

The treated and pretreated groups shared 8 predominant bacterial 
phyla: Bacteroidetes, Firmicutes, Proteobacteria, Deferribacteres, 
Tenericutes, Cyanobacteria, Verrucomicrobia, and Actinobacteria. 
Additional predominant bacterial phyla in the treated group 
included Saccharibacteria and Deinococcus-Thermus, and in 
the pretreated group were Chloroflexi and Synergistetes. The 
dominant bacterial phyla in both groups were Bacteroidetes, 
Firmicutes, and Proteobacteria, which accounted for over 90% 
of the observed phyla (Figures 4A, 5A). At the genus level, the 
2 groups shared 6 predominant bacterial genera: Bacteroides, 
Mucispirillum, Lachnospiraceae_NK4A136_group, Helicobacter, 
Escherichia-Shigella, Lactobacillus, and Alistipes. Additional bacteri-
al genera that characterized the treated group were Mycoplasma, 
Ruminiclostridium, and Oscillibacter, and in the pretreated group 
were Alloprevotella, Desulfovibrio, and Parabacteroides.
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Figure 2.  Weight loss and clinical activity score (CAS) of mice in the treated and pretreated groups. (A) No significant difference in 
weight loss was observed between the treated SL and treated BB groups. (B) Significantly less weight loss was observed 
in the pretreated BB group from days 31 to 34. (C) CASs of the treated BB group were remarkably reduced compared with 
those of the treated TL group (P=0.001). (D) CASs of the pretreated BB group were significantly decreased compared with 
those of the pretreated TL group (P=0.000). * P<0.05.
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Distinctive Fecal Microbial Communities Associated with 
the B. bifidum	ATCC	29521-treated	Group

In the treated group, mice with acute DSS-induced colitis re-
ceived B. bifidum supplements for only 2 weeks. Although no 
significant difference was observed in the diversity of the gut 
microbiota, the number of unique OTUs and the Chao 1 and 
Shannon indexes of mice treated with B. bifidum were higher 
than those observed in the control group (Figure 4B).

Of the top 10 most predominant phyla, the relative abundance 
of Firmicutes was more enriched in the B. bifidum-treated 
group than that in the control group, whereas Proteobacteria, 
Deferribacteres, and Tenericutes were less enriched. The abun-
dances of Actinobacteria and Bifidobacteriaceae were also sig-
nificantly higher in the B. bifidum-treated group than those 
in the control group, with the abundance of Actinobacteria 
increasing from 0.067% to 0.29% and the abundance of 
Bifidobacteriaceae increasing from 0.042% to 0.28%, respec-
tively. At the genus level, the abundance of Bifidobacterium 
was too low to identify any differences. We performed LEfSe 
to determine the differential abundances of the microbial 
communities between the 2 groups. Mice that received sa-
line exhibited an increased enrichment of Enterobacteriales, 

Enterobacteriaceae, and Escherichia-Shigella. This showed 
that abundances of these pathogens, which belong to phy-
lum Proteobacteria, were significantly inhibited in mice that 
received B. bifidum supplements (Figure 4C, 4D).

Effects on Gut Microbiota in Mice of B. bifidum ATCC 
29521-pretreated	Group

Mice in the pretreated group received B. bifidum ATCC 29521 
for 5 weeks to evaluate its preventative and treatment ef-
fects. The gut microbial community is considered a key indi-
cator of the overall health of the host and is influenced by the 
health of the host [25]. In a comparison of 3 time points in 
the B. bifidum-pretreated group, 472 OTUs were observed to 
be shared. The most unique OTUs were identified at the time 
point at which the mice had been administered B. bifidum for 
3 weeks, before the DSS treatment (preA BB, day 21), followed 
by the time point at which the mice were sacrificed (preT BB, 
day 35) and the baseline, at which time mice were untreat-
ed (preB BB, day 0). In a horizontal comparison, more unique 
OTUs were identified in the B. bifidum group than those in the 
saline group at the time the mice were sacrificed. In a longi-
tudinal comparison, the gut microbiota was more diverse in 
mice after 3 weeks of treatment with B. bifidum than in mice 
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Figure 4.  Changes in the microbial communities in the treated group. (A) The top 10 most frequently observed bacterial phyla in the 
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index of the Bifidobacterium bifidum-treated group was greater than that of the control group. (C) Different features in 
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at the time of sacrifice. The observed species matrix, which 
was simplified to the number of unique OTUs, showed an obvi-
ous increase in the preA BB group. The a diversity in the com-
munity was estimated using the Chao 1 and Shannon index-
es, which were all significantly higher in mice that received B. 
bifidum supplements for 3 weeks than those in mice assessed 
on day of sacrifice (Figure 5B).

According to PCoA, the gut microbial community shifted be-
tween the B. bifidum-pretreated and saline-pretreated groups 
and varied among the different time points (Figure 5C). When 
the mice were sacrificed, mice that received the B. bifidum 
treatment were separated from mice that received the saline 
treatments. In particular, the preA BB group was distinctly sep-
arated from mice that received B. bifidum treatment at oth-
er time points. Meanwhile, the microbial communities of the 
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Figure 5.  Changes in the microbial communities in the pretreated group. (A) The top 10 most frequently observed bacterial phyla in 
the communities. (B) The Shannon diversity index was higher in mice that received Bifidobacterium bifidum supplements 
for 3 weeks than in mice assessed on the day of sacrifice. The principal coordinate analysis (C) and unweighted pair group 
method with arithmetic mean tree (D) showed that the microbiota was initially clustered by different time points and 
treatments. Different features in the control and B. bifidum-pretreated groups on the day of sacrifice were identified using 
linear discriminate analysis effect size, with a local-density approximation value of 4.0 (E, F).
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untreated mice and the mice treated with 3 weeks of saline 
supplementation were clustered together. A structural com-
parison of the gut microbiota among different groups was 
also assessed on the basis of samples that clustered in a pair-
wise similarity matrix with hierarchical clustering according to 
their OTUs. Notably, groups initially clustered by different time 
points and the distance between the preA BB and the preT BB 
groups was shorter than distance between preA SL and preT 
SL groups (Figure 5D). Therefore, the structure of the gut mi-
crobiota was shaped by different treatments and time points.

We also observed longitudinal changes in the B. bifidum-pre-
treated group. Compared with baseline conditions, mice pre-
treated with B. bifidum ATCC 29521 supplements for 3 weeks 
exhibited an enrichment of Cyanobacteria and Fusobacteria. 
On the day of sacrifice, the relative abundances of Firmicutes, 
Actinobacteria, Saccharibacteria, and Fusobacteria were signif-
icantly decreased, whereas the abundances of Bacteroidetes 
and Verrucomicrobia were increased.

Furthermore, we used LEfSe to identify differentially abundant 
features in B. bifidum-pretreated and saline-pretreated groups 
at time of sacrifice. Mucispirillum, which belongs to the fam-
ily Deferribacteraceae, was enriched in the saline-pretreat-
ed group at the time of sacrifice, whereas Intestinimonas and 
Bacteroides were enriched in the B. bifidum-pretreated group. 
When we compared the B. bifidum-pretreated group with the 
saline-pretreated group after 3 weeks of B. bifidum supple-
mentation, the former group was enriched for Cyanobacteria, 
Actinobacteria, and Fusobacteria, and the latter group was en-
riched for Deferribacteres. Regardless of whether the mice re-
ceived 3 weeks or 5 weeks of B. bifidum supplementation be-
fore or after DSS treatment, the abundance of Bifidobacterium 
was not significantly different between the B. bifidum-pretreat-
ed and saline-pretreated groups (Figure 5E, 5F).

Discussion

The present study determined that treatment with B. bifi-
dum ATCC 29521 could alleviate the severity of acute colitis. 
Treatment with B. bifidum ATCC 29521 shifted composition of 
the gut microbiome in a DSS-induced acute colitis model. Mice 
pretreated with B. bifidum for 21 days exhibited an increase 
in a diversity of the gut microbiome. The structure of the gut 
microbiota was shaped by different treatments of B. bifidum. 
The LEfSe illustrated that abundance of the genus Escherichia-
Shigella was reduced in the B. bifidum-treated group, suggest-
ing that pathogens were inhibited by B. bifidum treatment. The 
genera Intestinimonas and Bacteroides were associated with 
the B. bifidum-pretreated group.

Whether there is a sufficiently preventive and therapeutic ap-
proach for IBD that does not allow recurrence is currently under 
investigation. Conventional therapies, including 5-aminosali-
cylic acid, corticosteroids, and thiopurines [26], and new ther-
apies, such as infliximab and adalimumab, have been shown 
to reduce inflammation and relieve symptoms, but many pa-
tients become refractory to the treatments during the course 
of their disease and are unable to bear the economic burden. 
Commensal enteric bacteria in patients with IBD are char-
acterized by increased numbers of opportunistic pathogens, 
such as E. coli, and decreased numbers of beneficial bacte-
ria, such as Lactobacillus and Bifidobacteria, in the colon [27]. 
Probiotics may inhibit inflammation or activate innate immu-
nity and represent treatment strategies that may be used to 
restore the host gut microbiota [28,29]. Moreover, the admin-
istration of probiotics has been shown to restore the microbi-
ota composition and improve the symptoms of patients with 
IBD [30]. In particular, the clinical efficacy of the administra-
tion of VSL#3 has been shown in adult and pediatric patients 
with active UC [31-33]. The abundances of potentially benefi-
cial Bifidobacterium species are reduced in adult and pediat-
ric patients with IBD [12,34,35].

In the present study, we evaluated the anti-inflammatory activ-
ity of B. bifidum ATCC 29521 in the prevention and treatment 
of clinical symptoms in a mouse model of DSS-induced coli-
tis. We observed that daily administration of B. bifidum ATCC 
29521 significantly reduced the severity of DSS-induced acute 
colitis. The evaluation of colonic specimens from colitic mice 
treated with B. bifidum revealed significant decreases in body 
weight loss and CAS when compared with the colitic control 
group, indicating that B. bifidum protected the barrier integri-
ty of the colon. The beneficial effect was also observed in as-
sessments of macroscopic and histologic inflammation, as a 
significant reduction in inflammatory cell infiltration and ep-
ithelial damage was observed, particularly in the B. bifidum-
pretreated group.

Most current probiotics are sold as food or nutritional supple-
ments to improve individuals’ health. The development of pro-
biotics is rarely based on the goal of preventing or treating a 
specific disease. Because of their limited purity and viability, 
the curative efficacy of commercial probiotics is difficult to de-
termine [36]. Compared with other probiotics, Bifidobacterium 
might be developed as a “second-generation probiotic,” which 
are selected for studies of their mechanistic advantages based 
on established mechanisms of prevention or treatment of a 
specific disease [37,38]. In our study, colonization with B. bifi-
dum ATCC 29521 did not cause any clinical adverse reactions, 
such as body weight loss, diarrhea, or hemafecia, indicating 
the safety of B. bifidum ATCC 29521 administration in mice. Of 
note, Bifidobacterium can also be integrated as part of a com-
plex diet, depending on its ability to be carried by the food 
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matrix. Such a complex diet might be used in susceptible in-
dividuals to reduce the risk of IBD development.

Bifidobacterium bifidum has been shown to increase the abun-
dance of total anaerobic bacteria and the level of Bifidobacteria 
and possesses antagonistic activity against enteropathogens by 
producing antimicrobial substances [39-41]. In another study, 
B. bifidum ATCC 29521 was shown to be useful in enhancing 
the microbial diversity of the healthy mouse intestine espe-
cially by increasing the populations of Lactobacillus intestina-
lis and Lactobacillus crispatus and inhibiting colonization by 
pathogenic bacteria [20]. Decreased diversity of bacterial spe-
cies has been observed in both fecal and mucosal samples from 
human patients with UC and CD as well as in fecal samples 
from rats and mice with DSS-induced colitis [42,43]. Our study 
showed that the number of unique OTUs and the Shannon in-
dex in mice treated with B. bifidum were higher than the values 
for the control-treated group. Similarly, the most unique OTUs 
were identified after 3 weeks of B. bifidum administration, and 
significant differences in bacterial diversity were observed in 
the preA BB group. However, no significant differences in di-
versity were observed between the saline-treated and B. bif-
idum-treated groups at the same time point, further demon-
strating that colonization by B. bifidum ATCC 29521 modifies 
bacterial diversity to different extents. Compared with healthy 
mice, it was harder for B. bifidum ATCC 29521 to significantly 
rebuild the microbial diversity in mice with DSS-induced colitis 
because of the disturbed microecological balance.

Celiberto et al [44] observed an effect of probiotic beverage con-
sumption (Enterococcus faecium CRL 183 and Bifidobacterium 
longum ATCC 15707) in rats with daily oral gavage for 30 days 
and observed that no significant changes occurred in the pop-
ulation of Bifidobacterium spp or in potentially pathogenic bac-
teria such as Enterobacteria. In addition, Ekmekciu et al [45] 
observed that the abundance of Bifidobacterium spp was un-
changed after VSL#3 treatment by conventional colonization. 
Our results are consistent with these reports, showing that 
even though the relative abundance of Actinobacteria and 
Bifidobacteriaceae increased in the treated BB group, the rel-
ative abundance of B. bifidum did not significantly increase in 
the test groups. These findings further confirmed the role of 
commensal bacterial colonization of the host and physiological 
colonization resistance in the prevention of stable pathogenic 
colonization. Bedani et al [46] and Cavallini et al [47] report-
ed that when rats consumed a fermented soy product with-
out the addition of B. longum, an increase in the population 
of Bifidobacterium spp was observed, indicating that probiot-
ic microorganisms have an advantage in regulating the fecal 
microbiota. We further observed that B. bifidum changed the 
composition of the gut microbiota. Specifically, compared with 
mice in the B. bifidum-treated group, mice in the saline-treated 
group exhibited a significant enrichment of Escherichia-Shigella, 

which belongs to the family Enterobacteriaceae. Most IBD stud-
ies have revealed that the levels of Proteobacteria species, par-
ticularly Enterobacteriaceae species, are increased in both fecal 
and mucosal samples [35,48-50]. Enterobacteriaceae, particu-
larly E. coli, has been reported to induce or aggravate the chron-
ic inflammation observed in patients with IBD. In human and 
mouse cells, E. coli has also been shown to enhance epitheli-
al adherence and invasion and to increase the survival rates 
of macrophages by inhibiting NF-kB signaling [51,52]. This 
bacterium can also modulate the levels of microRNAs (miR-
NAs) in intestinal epithelial cells to reduce autophagy [53]. As 
shown in our study, B. bifidum effectively suppresses coloni-
zation of Enterobacteriaceae in mice with DSS-induced colitis. 
This result is consistent with previous studies showing that 
Bifidobacterium elicited a beneficial effect on antagonistic an-
tioxidant activity and exerted a barrier effect against patho-
gens by producing antimicrobial substances [20,39,41]. In the 
present study, in the pretreated group, control mice exhibited 
an enrichment of Mucispirillum and Deferribacteraceae, which 
belong to the family Deferribacteres. In other studies, an in-
crease in the levels of Deferribacteres was observed in piglets 
with carrageenan gum-induced colitis and in signal-transduc-
ing activator of transcription (STAT1) and wild-type mice with 
DSS-induced colitis [54,55]. Certain strains of Mucispirillum 
have also been observed to be physically associated with the 
secreted mucus layer [56]. In the current study, mice treat-
ed with B. bifidum supplements exhibited an enrichment of 
Bacteroides, the levels of which were decreased in studies 
that focused on more accurate measures of the mucosal mi-
crobiota in a different population of patients with IBD [35,37]. 
Certain Bacteroidetes species, particularly Bacteroides fragilis, 
exert protective functions in IBD models. These species alle-
viate intestinal inflammation by regulating regulatory T cells, 
balancing helper T1 and helper T2 immunoreactions, main-
taining the mucosal barrier, and promoting bacteriologic func-
tions that mediate mucosal homeostasis [58-60]. However, a 
previous study [61] also determined that Bifidobacterium bif-
idum ATCC 29521 demonstrated a probiotic role via an anti-
inflammatory function and through regulating miRNA-associ-
ated TJP and NF-kB modulation, which is not consistent with 
the mechanism involved in this study. Our findings mainly fo-
cused on effects of B. bifidum ATCC 29521 on gut microbiota 
of mice with DSS-induced colitis.

A few limitations should be stated to improve further investi-
gations. First, the association between severity of acute coli-
tis and the gut microbiome has not been analyzed. Second, 
the mechanism for B. bifidum ATCC 29521 inhibition of acute 
inflammation of the DSS-induced colitis model has not been 
fully clarified (such as the targeting molecules or associated 
signaling pathways). Third, the balance of gut microbiomes 
in a DSS-induced colitis animal model treated with B. bifidum 
ATCC 29521 has not been examined.
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Conclusions

In the present mouse model of acute colitis, 16S rRNA gene 
sequencing showed that pretreatment with B. bifidum ATCC 
29521 reduced intestinal inflammation and altered the gut mi-
crobiota to favor the genera Intestinimonas and Bacteroides. 
Bifidobacterium bifidum ATCC 29521 might be a promising 
therapeutic probiotic that suppresses colonization of patho-
gens clinically; however, clinical experiments need to be con-
ducted in future studies.
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