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Abstract
Purpose Irritable bowel syndrome (IBS) is a functional bowel disorder. This study aimed to assess the effect of a probiotic 
product (containing Lactobacillus casei Zhang, Lactobacillus plantarum P-8, and Bifdobacterium animalis subsp. lactis 
V9) as an adjunct to a routine regimen in IBS management.
Methods Forty-five patients with IBS were randomized into the probiotic (n = 24) and control (n = 21) groups, receiving the 
routine regimen with or without probiotics for 28 days, respectively. Serum and fecal samples were collected and analyzed.
Results The IBS-symptom severity score (P < 0.01), serum levels of IL-6 (P < 0.01) and TNF-α (P < 0.001) were signifi-
cantly lower in the probiotic group than the control group at day 28. The probiotic adjunctive treatment resulted in significant 
decreases in some bacterial genera that worsen IBS, such as Bacteroides (P < 0.01), Escherichia (P < 0.05), and Citrobacter 
(P < 0.05), significant decreases were also observed in some beneficial genera in the control group, including Bifidobacterium 
(P < 0.05), Eubacterium (P < 0.05), Dorea (P < 0.01), and Butyricicoccus (P < 0.05). Furthermore, significant correlations 
were found between some monitored parameters and compositional changes in the fecal microbiota, suggesting that the 
clinical improvement of IBS was likely associated with gut microbiota modulation. The enterotype analysis revealed that 
the initial fecal microbiota composition could influence clinical outcomes.
Conclusions The adjunctive use of probiotics with a routine regimen showed additional clinical effectiveness compared to the 
routine regimen alone in managing IBS. A pretreatment gut microbiome analysis might help tailor a personalized probiotic 
regimen to optimize treatment effects.
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SSS  Symptom severity score
QoL  Quality of life score

Introduction

Irritable bowel syndrome (IBS) is a functional bowel disor-
der that affects 10–25% of the world’s population [1]. The 
disorder imposes a huge economic burden on healthcare sys-
tems and severely compromises patients’ quality of life [2].

The etiology of IBS is not completely understood; how-
ever, some recent clinical evidence has revealed a link 
between IBS and gut dysbiosis [3]. The gut microbiomes in 
patients with IBS differ from those in healthy individuals. 
Although there have been conflicting data on the gut micro-
bial composition of IBS patients [4], a significantly higher 
Firmicutes to Bacteroidetes ratio has been consistently 
reported in patients with IBS [5]. Small intestinal bacteria 
overgrowth (SIBO) is a potential underlying cause of IBS, as 
its reversion ameliorates IBS-related symptoms [6]. Another 
study found that the severity of IBS was negatively associ-
ated with microbial richness, an abundance of methanogens, 
and enterotypes enriched with Clostridiales or Prevotella 
species [7]. Moreover, some commonly employed IBS man-
agement strategies, such as rifaximin, medical food serum-
derived bovine immunoglobulins, prebiotics, probiotics, and 
administration of low fermentable oligosaccharides, disac-
charides, monosaccharides, and polyols (FODMAP) diet, 
would induce variable changes in patients’ gut microbiota, 
intestinal epithelial integrity, and/or colonic environment 
[8]. Thus, gut microbiota modulation has been proposed as 
a strategy for IBS management [9].

Probiotics are increasingly used as food ingredients, 
dietary supplements, and dairy starter cultures. Probiotic 
administration has been reported to be beneficial for patients 
with IBS [10, 11]. Additionally, the low cost, potential high 
efficacy, and low risk of probiotic intake make it a practi-
cal and attractive approach for IBS management. However, 
contrasting effects have been reported, which may relate to 
the specificity of probiotic strain and variation in host factors 
[12]. Since both the prevalence and clinical presentation of 
IBS vary greatly between race and ethnicity, differences in 
gut microbiota between individuals might also play a role 
in IBS [13]. Although gut dysbiosis is a possible mecha-
nism that drives IBS development, many previous works 
have only focused on studying the clinical outcome but not 
treatment-specific gut microbiota modulation. Thus, exten-
sive clinical research is still required to clarify the role of gut 
microbiota in IBS development and to design personalized 
treatment for patients.

This study aimed to assess the effect of adjunctive use 
of Probio-Fit® with the routine regimen in treating Chinese 
patients suffering from IBS. Probio-Fit® is a multi-strain 

probiotic formulation composed of Lactobacillus (L.) 
casei Zhang, L. plantarum P-8, and Bifidobacterium (B.) 
animalis subsp. lactis V9, which is an excellent probi-
otic product supported by previous studies [14, 15]. The 
primary outcomes were measured by changes in the IBS-
symptom severity score (IBS-SSS), IBS-quality of life 
(IBS-QoL) score, and five selected serum inflammatory 
markers. Since this study hypothesized that gut micro-
biota modulation was related to the improvement of IBS 
symptoms, the single-molecule real-time (SMRT) technol-
ogy was used to sequence full-length 16S rRNA genes to 
describe changes in patients’ fecal microbiota at the spe-
cies level as the secondary outcome.

Materials and methods

Ethics statement

This study was approved by the Ethical Committee of the 
Affiliated Hospital of Inner Mongolia Medical University. 
All participants provided written informed consents before 
the trial started. The Ethics Committee of Inner Mongolia 
Agricultural University and the Navy General Hospital of 
PLA approved the procedures and protocols. The trial was 
registered in the Chinese Clinical Trial Registry (Identifier 
number: ChiCTR2000035339).

Subjects

The current clinical trial was a sub-study under a clinical 
trial organized by the Affiliated Hospital of Inner Mongo-
lia Medical University, and it was performed at the Navy 
General Hospital of PLA, Beijing. All recruited patients 
(aged = 37.0 ± 15.1 years; weight = 64.93 ± 11.93 kg; male: 
female = 10:14 in the probiotic group, male: female = 13:11 
in the control group, Supplementary Table 1) fulfilled the 
Rome III diagnostic standard for IBS (entailing chronic 
abdominal pain or discomfort at least 3 days/month), and 
they were randomly assigned to probiotic (n = 24) and con-
trol (n = 24) groups, respectively. All patients were assessed 
for hematuria, liver and kidney dysfunction. Routine abdom-
inal ultrasound, chest radiographs, and colonoscopy were 
also performed. Patients suffering from other gastrointestinal 
diseases, obesity (BMI ≥ 30), autoimmune diseases, cardiac 
and renal insufficiency, malignant tumors, diabetes mellitus, 
or having previous abdominal surgery history were excluded. 
Moreover, pregnant/lactating women and participants who 
had taken medications (e.g., antibiotics, traditional Chinese 
medicine, or treatments that could affect the interpretation 
of results) within 4 weeks prior to this trial were excluded.
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Trial design

All patients kept their normal diet and living habits during 
the intervention period, but they were requested to avoid 
from taking foods that could cause allergic reactions and 
gas-production, including spicy, greasy, and irritating diets. 
All patients received standard therapy at the beginning of 
the trial regardless of their symptoms. The control group 
received routine regimen including lactulose oral solution 
(3 × 15 ml/day) and antidiarrheal drug (3 × 3 g of montmoril-
lonite powder/day). Three daily oral doses (0.1 g each time) 
of trimebutine maleate were given to patients with abdomi-
nal pain and discomfort, while the sedative drug flupentixol 
(3 × 0.1 g/day) was prescribed to patients with anxiety and 
insomnia when required. The probiotic group received both 
the regular regimen and two grams of probiotic powder. 
The probiotic powder used in this study was Probio-Fit®, 
which was packed in individually sealed sachets (Beijing 
Scitop Bio-tech Co., Ltd., Beijing, China), consisting of 
three different bacterial strains (namely L. casei Zhang 
3 × 109 CFU/g; B. animalis subsp. lactis V9, 4 × 109 CFU/g; 
and L. plantarum P-8, 3 × 109 CFU/g). Patients took one 
sachet per day after a meal; the content of the sachet was 
dissolved in warm water or milk before consumption. The 
treatments continued for 28 days. The primary outcome was 
a clinical improvement, and the secondary outcome was 
the changes in fecal microbiota structure and composition. 
Serum samples (days 0 and 28) were collected at the hospi-
tal. Fecal samples were collected at home by the participants 
(days 0, 7, and 28); collected fecal samples were temporar-
ily stored in a domestic freezer and were transported to the 
laboratory in an ice box at 4 °C within 24 h. All samples 
were stored at − 80 °C until analysis.

Genomic DNA extraction, polymerase chain reaction 
(PCR), SMRT sequencing

Fecal DNA was extracted with the QIAGEN DNA Stool 
Mini-Kit (QIAGEN, Hilden, Germany) following the manu-
facturers’ instructions. The quality of the extracted DNA was 
assured by agarose gel electrophoresis and spectrophotom-
etry (final DNA concentration > 100 ng/μL; 260 nm/280 nm 
ratio between 1.8 and 2.0).

The full-length 16S rRNA genes were amplified from 
the extracted genomic DNA by PCR using the forward 27F 
(5′-AGA GTT TGATCMTGG CTC AG-3′) and reverse 1492R 
(5′-ACC TTG TTA CGA CTT-3′) primers, incorporating with 
a set of 16-base barcodes for each DNA sample [16]. The 
PCR program: 95 °C for 4 min; 30 cycles of 95 °C for 30 s, 
58 °C for 30 s, and 72 °C for 30 s with a final extension at 
72 °C for 5 min [17].

For SMRT sequencing, DNA libraries were constructed 
with the barcoded-amplicons using the Pacific Biosciences 

SMRT bell™ template prep kit 1.0 [16]. The sequencing 
reaction was achieved with P6-C4 chemistry on a PacBio 
RS II instrument following the manufacturers’ guide-
lines (Pacific BioSciences of California, Inc., USA). Raw 
sequences were deposited to the MG-RAST database (pro-
ject number mgp92156).

Gut microbiota bioinformatics analysis

The protocol RS_ReadsOfinsert.1 of the SMRT Portal (ver-
sion 2.3) was used for sequence extraction from the raw data. 
Raw sequences were restrictively filtered with four criteria: 
(i) minimum full passes of up to 5; (ii) minimum predicted 
accuracy of 90; (iii) minimum insert read length of 1400; 
and (iv) maximum insert read length of 1800. The filtered 
sequences were then barcode-sorted into different samples, 
followed by trimming of barcode and primer sequences.

The remaining high-quality sequences were then analyzed 
by the Quantitative Insights Into Microbial Ecology (QIIME) 
package (version 1.7) [18]. Briefly, the most abundant 
sequence from each cluster was chosen as the representative 
sequence to be aligned by PyNAST [19] and UCLUST [20] 
under 100% clustering of sequence identity. The representa-
tive and unique sequences were classified into operational 
taxonomic units (OTUs) under the threshold of 97% identity 
by UCLUST. Chimeric sequences were removed with Chi-
meraSlayer [21]. The remaining OTUs were assigned to the 
lowest taxonomic level using the Ribosomal Database Pro-
ject II (Release 11.5) and the Greengenes database (version 
13.8) [22, 23] at a minimum bootstrap threshold of 80% [24]. 
The de novo taxonomic tree constructed by the representa-
tive chimera-checked OTU set using FastTree [25] was used 
to assess the alpha- and beta-diversity.

To compare the alpha-diversity between samples, the 
sampling depth was normalized by the multiple_rarefactions.
py program in the QIIME pipeline. The alpha-diversity and 
sequencing depth were evaluated with the Shannon–Wiener 
index and Chao 1 index. The beta-diversity and microbiota 
community structure were assessed by principle coordinate 
analysis (PCoA) of the weighted UniFrac distances derived 
from the phylogenetic tree [26]. Permutational multivariate 
analysis (PERMANOVA) was used to evaluate differences 
between groups.

Measurement of serum levels of cytokines, d‑lactate, 
and lipopolysaccharides (LPS)

The serum interleukin (IL)-6, IL-8, tumor necrosis factor 
(TNF)-α, d-lactate, and LPS levels were determined at days 
0 and 28 by enzyme-linked immunosorbent assays (Beijing 
Yiming Renaissance Technology Co., Ltd., China) with rep-
licate measurements.
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Assessment of clinical outcomes

The clinical outcomes were assessed by IBS-SSS [27] and 
IBS-QoL score [28]. The overall IBS-SSS ranged from 0 
to 500, with a higher score representing worse conditions. 
Scoring < 175, 175–300, and > 300 represented mild, moder-
ate, and severe IBS, respectively [27]. The IBS-QoL scale 
ranged from 0 to 100, and a higher score represented a better 
quality of life [28].

Statistical analysis

The statistical power analysis was calculated with PASS11, 
a routine regimen effect was estimated at 55–65%, and the 
probiotics as adjunctive routine regimen effect was esti-
mated to be 90–95%. The sample size was estimated to be 
approximately 20–24 participants per group with a power 
of 0.80 and an alpha error of 0.05. Statistical analyses were 
performed using R packages (http://www.r-proje ct.org/). 
Mann–Whitney tests were performed to evaluate intragroup 
differences in the levels of serum components, IBS-QoL 
score, and IBS-SSS between day 0 and day 28, as well as 
intergroup differences in these parameters at day 0 and day 
28, respectively. Mann–Whitney tests were also applied to 
evaluate intragroup differences in the relative abundances 
of different taxa between the two-time points, as well as the 
intergroup differences at the same time point. P values < 0.05 
were considered statistically significant [29]. Correlations 
between gut mucosal bacteria and the monitored parameters 

were calculated using the Spearman’s rank correlation coef-
ficient in R package. The principal component analysis for 
enterotypes was determined based on similarities of 16S 
rRNA-based phylogenetic profiles [17].

Results

Changes in serum and clinical parameters

A total of forty-eight patients with IBS met the inclusion 
criteria (age = 37.0 ± 15.1 years; weight = 64.93 ± 11.93 kg; 
BMI < 30), and they were randomly assigned to the probi-
otic (n = 24) and the control (n = 24) groups, respectively. 
However, as three patients from the control group failed to 
provide the last stool samples, only 21 control subjects fin-
ished the trial. No obvious organic, pathological changes and 
adverse reactions were identified in all participated patients 
during the trial. Changes in clinical and serum parameters 
are shown in Fig. 1. At day 28, the IBS-QoL score increased 
while the IBS-SSS decreased for both groups. However, 
the changes in IBS-QoL score and IBS-SSS of the probi-
otic group was greater than the control group over time; 
and at day 28, the IBS-SSS was significantly lower in the 
probiotic group than the control group (P < 0.01). Signifi-
cant decreases were also observed in the serum levels of 
IL-8, TNF-α, and LPS for both groups from day 0 to day 28 
(P < 0.0001). On the other hand, significant decreases in the 
levels of IL-6 (P < 0.0001) and d-lactate (P < 0.0001) were 

Fig. 1  Effects of treatments on clinical and serum parameters. Serum 
levels of a interleukin-8, b interleukin-6, c tumor necrosis factor-α, 
d d-lactate, e lipopolysacchride, f IBS-Quality of Life score, and g 
IBS-Symptom Severity Score. The horizontal line of the boxplot rep-

resents the mean value, while the whisker represents standard error. 
Error bars in the line charts represent standard error. **P < 0.01, 
***P < 0.001, and ****P < 0.0001; Mann–Whitney test

http://www.r-project.org/
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only seen in the probiotic group but not the control group. 
Moreover, the serum levels of IL-6 (P < 0.01) and TNF-α 
(P < 0.001) of the probiotic group were significantly lower 
than the control group on day 28.

Changes in alpha‑diversity and structure of fecal 
microbiota during treatment

The diversity and richness of the gut microbiota of the 
patients were evaluated by the Shannon index and Chao1 
index, respectively (Fig. 2a, b). Although no significant 
difference (P > 0.05) was observed in the Shannon index 
between the control and probiotic groups at the end of the 
trial, the Shannon index significantly decreased in the con-
trol group from the day 0 to day 7 (P < 0.05), contrasting to 
an uptrend observed in the probiotic group during the same 
period. At day 7, the Shannon index of the probiotic group 
was non-significantly higher than that of the control group 

(P = 0.06), suggesting that the intake of the routine drug 
might reduce the gut microbiota diversity and administering 
probiotics together with the routine drug could help lower 
such effect in some subjects (Fig. 2a). Moreover, the gut 
microbial richness continuously increased in the probiotic 
group over time, but such an increase only lasted until day 7 
in the control group, followed by a slight decline afterwards 
(Fig. 2b). These results might represent the specific effect 
of using probiotics as an adjunctive treatment on the gut 
microbial diversity and richness.

To visualize the effect of the adjunctive probiotic treat-
ment on the structure of patients’ fecal microbiota, a PCoA 
was performed based on the weighted UniFrac distances 
at different time points (Fig. 2c–e). No obvious cluster-
ing pattern was observed on the PCoA score plot between 
the two groups at the baseline level (Fig. 2c), but obvi-
ous clustering pattern was seen on the PCoA score plots 
at day 7 (P = 0.004, F = 4.094; PERMANOVA) and day 28 

Fig. 2  Effects of treatments on alpha- and beta-diversity of irrita-
ble bowel syndrome (IBS) gut microbiota. Changes in a Shannon 
index; b Chao1 index. Error bars represent standard error. *P < 0.05; 
Mann–Whitney test. Principal coordinates analysis (PCoA; weighted 
UniFrac distance) of the gut microbiota of the two groups of patients 

with IBS at c day 0; d day 7; and e day 28. F-value and P-value on 
the PCoA score plots represent the difference between groups cal-
culated by permutational multivariate analysis of variance (PER-
MANOVA)
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(P = 0.079, F = 1.857; PERMANOVA) (Fig. 2d, e), suggest-
ing that the probiotic application caused obvious changes in 
the gut microbiota community. Interestingly, the microbiota 
structure exhibited a higher divergence between the control 
and the probiotic groups at day 7 compared to day 28, which 
was consistent with the changes observed in alpha-diversity.

Probiotic‑directed modulation of patients’ fecal 
microbiota

To investigate probiotic-directed changes in the gut micro-
biota composition in patients with IBS, the fecal microbial 

taxonomic profiles at different time points (days 0, 7, 28) 
were analyzed. A more dramatic shift was observed in the 
gut microbiota in the control group after 7 day of routine 
drug treatment. At the genus level (Fig. 3a, b), the relative 
abundance of Prevotella first decreased and then increased 
in the probiotic group over time, whereas the control group 
showed an opposite trend. The relative abundance of Bac-
teroides of the control group increased significantly at day 
7 (P < 0.0001), followed by a decline at day 28; and sig-
nificantly more Bacteroides was found in the control group 
compared with the probiotic group at day 7 (P < 0.01). Sig-
nificantly less Bifidobacterium (P < 0.05) and Eubacterium 

Fig. 3  Effects of treatments on irritable bowel syndrome (IBS) gut 
microbiota composition. a Changes in the relative abundance of 
dominant genera; b Changes in the relative abundance of signifi-
cant differential abundant genera identified between the two groups; 

c Spearman’s correlation heatmap of clinical and serum parameters 
and differential abundant genera. Error bars represent standard error. 
*P < 0.05, **P < 0.01, and ***P < 0.001; Mann–Whitney test
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(P < 0.05) were observed in the control group at day 7 
compared with the baseline level (Fig. 3b). Significantly 
less Dorea (P < 0.01) and Butyricicoccus (P < 0.05) were 
observed in the control group after the 28-day intervention, 
whereas only mild fluctuations were shown in these taxa for 
the probiotic group over time. Meanwhile, significantly less 
Citrobacter (P < 0.05), Clostridium (P < 0.05), and Escheri-
chia (P < 0.05) were detected in the probiotic group after 
the 28-day treatment compared with day 0, whereas most 
participants in the control group showed only small varia-
tion in these taxa over time (Fig. 3b). It is interesting to note 
that among the few species that showed significant changes 
in their relative abundances during the intervention, some 
of them exhibited an opposite trend of changes between the 
two groups, suggesting a differential modulation effect of the 
adjunctive probiotic treatment towards the gut microbiota.

At day 28, interesting correlations were observed between 
some of the modulated genera and the monitored clinical 
and serum parameters (Fig. 3c). The IBS-SSS correlated 
significantly and negatively with most of the significantly 
diminished bacterial genera of the control group, such as 
Bifidobacterium (P < 0.05), Butyricicoccus (P < 0.05), 
Eubacterium (P < 0.01), and Prevotella (P < 0.05), while 
correlated positively with Escherichia (P < 0.05). Moreo-
ver, significantly less Escherichia was found in the probiotic 
group after 28-day treatment (P < 0.05). The IBS-QoL score 
showed a negative correlation with Clostridium (P < 0.05). 
The cytokine TNF-α showed a negative correlation with 
Bifidobacterium (P < 0.05) and Butyricicoccus (P < 0.05), 
but correlated positively with Citrobacter (P < 0.05). The 
serum IL-6 level correlated positively with Bacteroides 
(P < 0.05) and Escherichia (P < 0.05). The serum IL-8 level 
correlated positively with Escherichia (P < 0.05) and Citro-
bacter (P < 0.05), but associated negatively with Butyricico-
ccus (P < 0.05), Eubacterium (P < 0.05), and Prevotella 
(P < 0.01). These results suggested that the relief of IBS-
associated symptoms might be associated with changes in 
the gut microbiota composition.

Treatment‑induced changes in enterotype

To evaluate changes in the global microbial community, the 
gut microbiota enterotype of all samples were determined 
based on the similarity of 16S rRNA-based phylogenetic 
profile. Three distinct enterotypes could be identified at day 
0. Five subjects of the control group and two subjects of the 
probiotic group belonged to enterotype 1, characterized by 
a high proportion of Eubacterium (28.61%) and Bacteroides 
(27.03%); seven subjects of the control group and 12 sub-
jects of the probiotic group belonged to enterotype 2, which 
had a high proportion of Bacteroides (22.73%), Ruminococ-
cus (22.73%), and Eubacterium (4.18%); seven subjects of 
the control group and ten subjects of the probiotic group 

belonged to enterotype 3, which was rich in Bacteroides 
(46.70%) (Fig. 4a–c).

At day 28, a drastic shift in enterotype was observed. 
All subjects were reclassified into two new enterotypes. 
Five subjects of the probiotic group belonged to enterotype 
5 (enriched in Prevotella; 39.92%), while most subjects 
shifted to enterotype 6 (enriched in Bacteroides; 43.54%) 
(Fig. 4d–f). In contrast, all control subjects shifted to ente-
rotype 5 on day 28. The fact that only the probiotic group but 
not the control group comprised two different enterotypes at 
day 28 suggested that the gut microbiota of the participants 
who received the adjunctive probiotic therapy responded 
divergently.

To further explore the divergent response within the pro-
biotic group, differences in the initial microbial composition 
of subjects belonging to enterotypes 5 and 6 was compared. 
At day 0, enterotype 5 comprised significantly more Akker-
mansia muciniphila, Alistipes putredinis, Prevotella copri, 
and Ruminococcus bromii sequences, and significantly less 
Megamonas rupellensis, Clostridium saccharogumia, and 
Bacteroides uniformis than enterotype 6. Additionally, the 
number of differential abundant species increased at day 7 
and then decreased at day 28. However, some of these dif-
ferential abundant species (including Prevotella copri, Rumi-
nococcus bromii, Alistipes putredinis) showed significant 
differences in their relative abundances persistently until day 
28 (Fig. 4g). These results support that the species-level gut 
microbiota of the subjects of the probiotic group responded 
divergently toward the probiotic treatment and that the diver-
gent response could be dependent on the initial gut micro-
biota composition of the individuals.

Initial gut microbiota composition influenced 
the level of inflammation towards probiotic 
treatment

The decrease in the magnitude of the serum LPS was sig-
nificantly greater in subjects belonging to enterotype 5 
than those belonging to enterotype 6 (P = 0.036), although 
such enterotype-specific difference was not as obvious for 
the decrease in the magnitude of serum TNF-α (P = 0.076) 
(Fig. 5a). Such results suggested that the host response 
towards the probiotic treatment was enterotype-specific.

A correlation network was then constructed to identify 
associations between changes in the relative abundances of 
differential abundant microbes and clinical improvement 
(Fig. 5b). The data showed that the treatment outcomes were 
linked with the initial gut microbiota composition of the 
patients. For example, IBS-SSS correlated negatively with 
Ruminococcus gnavus, Prevotella copri, Alistipes indistinc-
tus, and Alistipes indistinctus (most species were enriched 
in enterotype 5 at day 0); IBS-QoL correlated positively 
with Akkermansia muciniphila, but associated negatively 
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Fig. 4  Changes in the enterotype of subjects and microbial composi-
tion. a Principal component analysis (PCA) score plot showing ente-
rotype clusters at day 0. b Boxplots showing the distribution of three 
most representative genera (Eubacterium, Bacteroides, and Prevo-
tella) of enterotypes 1–3 at day 0. c Distribution of subjects’ entero-
type at day 0. d PCA score plot showing enterotype clusters at day 28. 
e Boxplots showing the distribution of Eubacterium, Bacteroides, and 

Prevotella of enterotypes 5 and 6 at day 28. f Distribution of subjects’ 
enterotype at day 28. g Distribution of identified differential abundant 
species in enterotype 5 (ET5) and enterotype 6 (ET6) at different time 
points; the mean relative abundance is represented in log scale. Error 
bars in the line charts represent standard error. *P < 0.05, **P < 0.01, 
and ***P < 0.001; Mann–Whitney test
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with Megamonas rupellensis (both species were enriched 
in enterotype 6 at day 0). Lipopolysaccharide showed sig-
nificant negative correlations with a number of bacteria, 
such as Akkermansia muciniphila, Oscillibacter valerici-
genes, Bacteroides uniformis, and Ruminococcus gnavus; 
most of which were enriched in enterotype 5 at day 0. The 
level of TNF-α correlated negatively with Clostridium sac-
charogumia, Oscillibacter valericigenes, Ruminococcus 
gnavus, Bacteroides uniformis; IL-6 correlated negatively 
with Akkermansia muciniphila and Coprobacter fastidiosus; 
IL-8 correlated negatively with Eubacterium xylanophilum 
and Eubacterium coprostanoligenes; d-lactate correlated 
positively with Megasphaera elsdenii and Clostridium 
saccharogumia.

Discussion

Irritable bowel syndrome is a common but difficult to treat 
medical condition, and the alteration of the intestinal micro-
biota has been proposed as one possible cause of IBS [30]. 
Previous studies reported different effects of a number of 
probiotic strains on alleviating clinical symptoms of IBS. 
For example, L. acidophilus DDS-1 and B. lactis UABla-
12 could reduce the severity of abdominal pain and other 
IBS-associated symptoms [31]. Lactobacillus acidophilus 
CL1285, L. casei LBC80R, and L. rhamnosus CLR2 could 

improve the quality-of-life and IBS symptoms [32], but 
B. longum NCC3001 showed only weak clinical effect to 
improve depression in patients with IBS [33]. Hence, the 
clinical efficacy of probiotics on IBS is likely strain-specific. 
This work investigated the effect of adjunctive treatment 
with a multi-species probiotic powder product, Probio-Fit®, 
on the clinical outcomes of patients with IBS. Probio-Fit® 
contains three bacterial strains, namely L. casei Zhang, L. 
plantarum P-8, and B. animalis subsp. lactis V9. All three 
strains could improve the human colonic environment and 
modulate gut microbiota composition [34–37] (and unpub-
lished data).

The severity of IBS was assessed with the overall IBS-
QoL, IBS-SSS, and five serum factors (IL-6, IL-8, TNF-α, 
d-lactate, and LPS). Both the control and probiotic groups 
showed an increased IBS-QoL score and a decreased IBS-
SSS at day 28; however, the IBS-SSS declined significantly 
more for the probiotic group, suggesting the adjunctive treat-
ment improved the clinical effectiveness in managing IBS 
when compared to routine regimen alone. The increase in 
serum pro-inflammatory cytokines, such as IL-6, IL-8, and 
TNF-α, is thought to be a factor that triggers IBS devel-
opment [38]. The abdominal discomfort associated with 
IBS is related to intestinal barrier dysfunction, causing 
increased intestinal permeability and low-grade inflamma-
tion [39]. d-lactate and LPS are biomarkers for intestinal 
permeability [40]. The serum levels of IL-8, TNF-α, and 

Fig. 5  Correlation between clinical and serum parameters with differ-
ential abundant gut taxa. a Reduction (concentration at day 0 minus 
concentration at day 28) in serum lipopolysaccharide (LPS) and 
tumor necrosis factor (TNF)-α levels of subjects belonging to ente-
rotypes 5 and 6, respectively. Error bars in the line charts represent 
standard error. *P < 0.05; Mann–Whitney test. b Spearman’s correla-
tion network plot of clinical markers and identified differential abun-
dant taxa. The green diamonds and red circles represent significantly 

modulated bacteria and clinical markers, respectively. Significant cor-
relations between bacterial species and clinical markers are connected 
by straight lines. The line color represents the correlation strength as 
illustrated by the color scale of Spearman’s rho, ranging between 0.40 
and − 0.56. Positive correlation is represented by a value greater than 
zero, while negative correlation is represented by a value smaller than 
zero
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LPS showed a numerical decrease after four weeks of rou-
tine treatment with or without probiotic supplementation, 
suggesting that IBS-related inflammation was reduced in 
both groups. However, the serum IL-6 and d-lactate levels 
decreased significantly more in the probiotic group, and the 
serum IL-6 (P < 0.01) and TNF-α (P < 0.001) levels in the 
probiotic group were significantly lower than the control 
group at day 28. d-lactate is a metabolic product of bacterial 
fermentation, which is released into the blood circulation 
when the intestinal mucosa is destroyed [41]. Hence, our 
results suggest that the probiotic treatment strengthened the 
anti-inflammatory effect of routine therapy via mechanisms 
relating to the maintenance of gut-barrier integrity.

Our data showed that although routine regimen did not 
change the gut microbiota diversity significantly, it did cause 
temporary fluctuations in the Shannon diversity index. One 
interesting effect of administering probiotics in combination 
with routine regimen was the stabilization of the microbiota 
community during the course of treatment. Meanwhile, the 
adjunctive treatment also increased the gut microbiota rich-
ness in the participants. Such effects were not seen in the 
control group. In agreement with the changes in α-diversity, 
the weighted UniFrac distances of the control and probi-
otic groups did not differ significantly initially until day 7. 
Although such difference narrowed down at day 28, obvi-
ous clustering pattern could still be observed on the PCoA 
plot. The different patterns of change in the gut microbial 
diversity between the two groups suggested that there was 
probiotic-dependent differential modulation.

The different patterns of microbial compositional change 
in response to the intervention between the two sample 
groups also support the observation of probiotic-dependent 
differential modulation. Obviously less Bacteroides was 
found in the probiotic adjunctive treatment group on day 
7. Patients with IBS are known to have a high level of gut 
Bacteroides [42], and some enterotoxigenic strains of Bac-
teroides fragilis could cause high-grade inflammation [43]. 
Prevotella was another differential abundant genus found in 
this work. The average relative abundance of Prevotella of 
the probiotic group increased from day 7, but an opposite 
trend was observed in the control group. A previous work 
reported that more Prevotella was found in the gut micro-
biota of healthy subjects than patients with IBS [7].

Bifidobacterium is an important genus in a healthy intes-
tinal tract of a human. Members of this genus play key 
roles in degrading complex carbohydrates and inducing the 
maturation of the host immune system. It has been reported 
that the bifidobacterial population diminished significantly 
in the gut microbiota of IBS sufferers [44]. Although the 
probiotic adjunctive treatment did not increase the propor-
tion of Bifidobacterium, less Bifidobacterium was detected 
in the control group at day 7, suggesting that the routine drug 
treatment did cause an adverse effect on the gut microbiota 

at least in the early phase of the treatment, and such unfa-
vorable effect was diminished by the adjunctive probiotic 
treatment. Contradictory results have been obtained regard-
ing the abundance of gut Lactobacillus in patients with 
IBS. Some studies found no apparent change in the level of 
gut Lactobacillus in patients with IBS, while other studies 
observed an increase in certain species, such as Lactoba-
cillus salivarius [41]. Our study did not find any obvious 
change in the relative abundance of Lactobacillus in patients 
with IBS. In addition, the relative abundance of some gut 
commensals (e.g., Dorea, Butyricicoccus, and Eubacte-
rium) [45] declined significantly in the control group as the 
treatment continued. On the other hand, the relative abun-
dance of some potentially harmful genera, e.g., Citrobacter, 
Clostridium, and Escherichia, significantly decreased in the 
probiotic group but not the control group after the 28-day 
treatment. Citrobacter and Escherichia belong to the Entero-
bacteriaceae family, which is implicated in post-infectious 
IBS [46]. Some Clostridium species, such as Clostridium 
perfringens and Clostridium difficile, are harmful bacteria 
relating to serious gut inflammatory diseases like ulcerative 
colitis and Crohn’s disease [47]. A previous human clinical 
trial revealed that the consumption of L. plantarum P-8, one 
of the strains taken by subjects in this work, could reduce the 
amount of Escherichia [34].

The improvement in some of the monitored clinical 
and serum parameters correlated with several probiotic-
modulated genera. For example, the relative abundance 
of Bifidobacterium, Butyricicoccus, and Prevotella corre-
lated negatively with IBS-SSS, and TNF-α, and IL-8, while 
Escherichia, Clostridium, and Citrobacter (P < 0.05) cor-
related positively with the decreases in IBS-SSS and serum 
parameters (IL-8, IL-6, and TNF-α). These results are in line 
with a previous study showing fermented milk consumption 
alleviated the symptoms of IBS accompanied by mild gut 
microbiota modulation involving few metagenomic species 
[48]. A previous report found that administering B. infantis 
improved the overall IBS-associated symptoms along with 
the modulation of IL-10/IL-12 ratio and Th-1 pro-inflam-
matory cytokines [49]. These observations support that the 
improvement of IBS-associated symptoms by probiotic sup-
plementation was via host immune modulation.

The use of probiotics as adjunctive therapy in manag-
ing IBS also showed an interesting effect in shifting the gut 
microbiota of subjects to either a Bacteroides-dominated 
or a Prevotella-dominated enterotype, whereas all subjects 
from the control group adopted the Bacteroides-dominated 
enterotype. Meanwhile, the extent of decrease in serum LPS 
and TNF-α was lower for subjects adopted the Prevotella-
enterotype after the adjunctive probiotic treatment. A previ-
ous study reported that there was more Prevotella in the gut 
microbiota of healthy individuals than patients with IBS, and 
thus these bacteria might help protect from IBS development 
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[7]. It is worth noting that the initial gut microbiome of sub-
jects adopted the Prevotella-enterotype was enriched in sev-
eral species, including Akkermansia muciniphila, Alistipes 
putredinis, Prevotella copri, and Ruminococcus bromii; and 
the relative abundance of some of these bacteria correlated 
positively and significantly with the decrease in inflamma-
tory markers like LPS and TNF-α. These results suggested 
that the initial microbiota composition could affect the clini-
cal outcome of the adjunctive probiotic treatment, which 
was previously reported in a study that applied the probiotic 
product BIO-25 in IBS management [50]. The mechanism of 
how the initial gut microbiome directed the clinical outcome 
awaits further elucidation. One reason could be that certain 
microbes were more responsive to environmental changes, 
and if these taxa comprised a relatively high proportion of 
the initial gut microbiota, the overall microbiota structure 
might be modulated or reshaped more readily by treatments 
like probiotic or drug administration.

In conclusion, the adjunctive use of probiotics with a 
routine regimen showed additional clinical effectiveness 
when compared to routine regimen alone in managing IBS. 
In addition, our results clearly demonstrated that the probi-
otic product did not work equally well for all participants of 
this trial; and the initial gut microbiota composition might 
affect the clinical efficacy of the probiotic treatment. Such 
data would be helpful in designing probiotic-based regimen 
at a personalized level to achieve maximum benefit for IBS 
sufferers.
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