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Abstract 

Gastrectomy has been widely used for the treatment of gastric cancer, and the severity of physiological 
and microbial disorders has greatly harmed the health of patients. In the present study, a probiotic 
combination containing Bifidobacterium infantis, Lactobacillus acidophilus, Enterococcus faecalis and Bacillus 
cereus was used to reduce the physiological disorders induced by gastrectomy via monitoring the blood 
index and microbial diversity using high-throughput sequencing. Our results indicated that the probiotic 
combination had significantly reduced the inflammation indexes (leukocyte) (p<0.05), while it markedly 
enhanced the immunity indexes (lymphocyte) and nutrition indexes (albumin and total protein) (p<0.05). 
In addition, gastric cancer had a strong influence on the microbial diversity of the stomach via enhancing 
the number of pathogens of Streptococcus, Peptostreptococcus and Prevotella, and reducing the percentage 
of the probiotic Bifidobacterium. Although partial gastrectomy markedly changed intestinal microbial 
diversity, the taking of the probiotic combination greatly reduced the ratio of Firmicutes/Bacteroidetes 
compared with patients taking no probiotics at the phylum level. At the genus level, the probiotic 
combination significantly enhanced the numbers of the probiotic bacteria Bacteroides, Faecalibacterium and 
Akkermansia and lowered the richness of Streptococcus. Therefore, we concluded that the taking of the 
probiotic combination significantly enhances the immune response of patients and reduces the severity of 
inflammation through modification of gut microbiota. 
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Introduction 
Gastric cancer is developed from the lining of the 

stomach and is regarded as the leading cause and 
death of cancers [1, 2]. Gastric cancer can occur as a 
result of many factors, such as infections, smoking, 
diet and genetics [3], and the symptoms of bloating, 
weakness of the stomach, diarrhoea/constipation, 
abdominal pain, weight loss and bleeding caused by 
this disease have greatly lowered the quality of life of 
patients [4]. 

Until now, surgery, radiation therapy, 
chemotherapy, gene therapy and immunotherapy 
have been used for the treatment of gastric cancer, 

among which gastrectomy is the most common 
surgical procedure for gastric cancer patients [5-7]. 
However, the total/partial removal of the stomach 
has caused the loss of a storage place for food, and 
only a small amount of food can be allowed into the 
small intestine at a time, leading to postoperative 
symptoms such as dysphagia, heartburn and 
nutritional disorders [8-10]. Therefore, it is a key point 
to enhance the quality of life of patients after 
gastrectomy. 

As we know, the microbiota play a crucial role in 
disease development and prevention, and its role in 
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human life has gained much importance in recent 
years [11]. There are about 100 trillion commensal 
microbes in the human body, which represents a 
100-fold multiplication of the genes in the human 
genome, and the interactions between microbiota and 
host immunity system (affecting susceptibility against 
immune-mediated and infectious diseases) bring new 
and interesting therapeutic approaches for various 
diseases [12-16]. Until now, many studies have revealed 
the roles of microbiota in cancers, neuropathic 
diseases, obesity, diabetes and gastrointestinal 
diseases [17-21], and our previous work also indicated 
that probiotic combinations had a sound effect on 
severity of OM (oral mucositis) which was a common 
unpreventable complication induced by 
radiochemotherapy in NPC (nasopharyngeal 
carcinoma) patients with CCRT (concurrent 
radiochemotherapy), via enhancing the immune 
response of patients and reducing the severity of OM 
through modification of gut microbiota (data not 
shown). However, no study has been carried out to 
explore the intervention of probiotics in gastric cancer 
patients after gastrectomy. 

In the present study, the probiotic combination 
of Bifidobacterium infantis, Lactobacillus acidophilus, 
Enterococcus faecalis and Bacillus cereus was supplied to 
gastric cancer patients with partial gastrectomy, and 
their effect on reducing the severity of physiological 
disorders and microbial diversity in the stomach and 
faeces were investigated. 

Materials and methods 
Study design and patient enrolment 

The randomised trial was conducted at the 
Second Affiliated Hospital of Nanchang University in 
China. The trial enrolled male and female patients 
aged between 37 and 79 years with gastric cancer 
between January 2017 and April 2018. All patients 
received a series of medical evaluations, including 
medical history, physical examination, blood test, 
abdominal ultrasound, and chest computed 
tomography (CT) scan before enrolment (Table 1). All 
patients received no radiotherapy or/and 
chemotherapy before the treatment, and only patients 
treated with partial gastrectomy were enrolled for the 
experimental consistency. Three to five days after the 
partial gastrectomy, patients resumed diets (e.g., 
noodles or porridge) together with the probiotic for 
another 7 days. 

In addition, the gastric juices obtained from 5 
healthy people used in microbial diversity analysis 
were named as the HS group. Patients with the 
following features were excluded: immune diseases, 
under high-risk for antimicrobial agents (e.g., diabetes 

or senile dry stomatitis), inability to take medicine 
orally or absorb medicine in the digestive tract, 
previous cancer or coexisting tumours or allergic to 
probiotics. Patient samples and data were obtained 
with written informed consent in accordance with the 
ethics committee requirements at the participating 
institute and the Declaration of Helsinki. Permission 
to carry out the study was obtained from the 
Institutional Review Board (IRB) of the Second 
Affiliated Hospital of Nanchang University. 

Trial protocol 
Patients were randomly distributed to two 

blocks in a 1:1 ratio to receive probiotics or placebo. 
The drug was distributed and packaged in accordance 
with random numbers, and the blinding codes were 
not disclosed during the whole trial period. 

Probiotic (Bifidobacterium Tetravaccine Tablets, 
SFDA approval number: S20060010, containing > 106 
CFU/table B. infantis, > 106 CFU/table L. acidophilus, > 
106 CFU/table E. faecalis, > 105 CFU/table B. cereus and 
> 106 CFU/table total bacteria) or placebo was 
supplied 3–5 days after partial gastrectomy for up to 
6–7 days (three capsules, three times a day). If these 
patients had any side effects generated by the 
probiotic combination, the side effect would have 
been followed up until it disappeared. Venous blood 
samples were obtained by venepuncture in the 
antecubital fossa without excessive venous stasis. The 
blood samples were sampled in an EDTA bulb and 
processed within 3 hours of collection in an 
automated haematology analyser. The parameters of 
routine blood, biochemical analysis and lymphocyte 
immunity were measured before and after treatment. 
General physical examinations, laboratory tests, 
unplanned delays, vital signs and so on were 
completed at baseline and at the end of the study. 

Total bacterial genomic DNA extraction and 
high-throughput sequencing 

Gastric juice or faeces was sampled from health 
people or patients and were stored at −70 °C. The 
combination of genomic DNA kits (Tiangen Biotech 
Co., Ltd., Beijing, China) and the bead beating method 
were used [22-24], and the concentration and quality of 
purified DNA was determined via a 
spectrophotometer at 230 nm (A 230) and 260 nm (A 
260) (NanoDrop; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). Then, the V4 region of the 16S 
rDNA genes in each sample were amplified using 
primers of 515F/806R primers (515F, 
5′-GTGCCAGCMGCCGCGGTAA-3′; 806R, 5′-GGAC 
TACVSGGGTATCTAAT -3′), and these PCR products 
were sequenced with an Illumina HiSeq 2000 platform 
(GenBank accession number SRP155279) [25]. 
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Bioinformatics and multivariate statistics 
Paired-end reads from the original DNA 

fragments were processed by using Cutadapt (V1.9.1, 
http://cutadapt.readthedocs.io/en/stable/) and the 
UCHIME Algorithm (http://www.drive5.com/ 
usearch/manual/uchime_algo.html) based on the 
unique barcodes [26]. Sequence analysis was 
subsequently performed using the UPARSE software 
package (version 7.0.100), and sequences with ≥ 97% 
similarity were assigned to the same operational 
taxonomic units (OTUs). Then, Qiime software 
(version 1.9.1) was used to analyse the α diversity 
(within samples, indexes of observed OTUs, Chao1, 
Shannon, Simpson, ACE, and goods coverage) and β 
diversity (among samples, PCA, PCoA and NMDS) [27, 

28]. The cluster analysis was preceded by weighted 
UniFrac distance using the QIIME software package 
(version 1.8.0) [29], partial least squares discriminate 
analysis (PLS-DA) was preceded by using SIMCA-P 
software version 11.5 (Umetrics; Sartorius Stedim 
Biotech, Malmö, Sweden).  

All data were reported as means ± SD, and 
results were analysed using SPSS 23.0 software (SPSS 
Inc., Chicago, IL, USA) by means of unpaired F-tests. 
All tests were two-tailed, with the level of significance 
set at p < 0.05. 

Results 
Patients’ baseline characteristics 

Between January 2017 and April 2018, 100 
patients were randomly (1:1) assigned to either the 
probiotic combination group (50 patients) or placebo 
group (50 patients). 

All patients were thoroughly informed about 
their diseases and the treatments they would receive. 
Patients were randomised into two groups, and their 
sex, age, baseline characteristics and tumour 
classification are summarised in Table 1. The 
treatment groups were well balanced, and there was 
no marked difference between AC group and ACP 
group. 

Probiotic combination reduced physiological 
disorders induced by partial gastrectomy 

To assess whether the probiotic combination had 
an effect on physiological disorders, we monitored the 
physiological indexes in blood of patients. We found 
that the probiotic combination significantly reduced 
the leukocyte inflammation indexes (102.7% vs. 
162.8%, p < 0.0001), and significantly enhanced the 
lymphocyte immunity indexes (80.31% vs. 59.79%, p < 
0.001), the nutrition indexes of albumin (88.75% vs. 
84.38%, p < 0.05) and total protein (88.63% vs. 82.49%, 
p < 0.01) (Fig. 1) compared with the AC group. 

Table 1. Baseline patient demographics and 
characteristics. AC, cancer patients after gastrectomy and 
treatment without probiotic combination; ACP, cancer patients 
after gastrectomy and treatment with probiotic combination. 

Variable AC Group (N=50) ACP Group 
(N=50) 

P value 

Percentage of total enrollment, 
No. (%) 

50 (50.00) 50 (50.00) / 

Male: female, n:n (%:%) 41:9 (82.00:18:00) 43:7 (86.00:14.00) 0.585 
Age, y 64.00 (56.75-69.25) 60.00 

(51.75-67.25) 
0.122 

Tumor category, No. (%)    
T0 0 (0.00) 1 (2.00) 0.510 
T1 6 (12.00) 3 (6.00) 
T2 5 (10.00) 3 (6.00) 
T3 9 (18.00) 7 (14.00) 
T4 30 (60.00) 36 (72.00) 
Node category, No. (%)    
N0 16 (32.00) 16 (32.00) 0.772 
N1 23 (46.00) 22 (44.00) 
N2 6 (12.00) 9 (18.00) 
N3 5 (10.00) 3 (6.00) 
M category, No. (%)    
M0 50 (100.00) 50 (100.00) / 
TNM category, No. (%)    
TNM1 9 (18.00) 6 (12.00) 0.347 
TNM2 13 (26.00) 9(18.00) 
TNM3 28 (54.00) 35 (70.00) 

 
Moreover, our data also indicated that the 

probiotic combination had obviously recovered the 
rate of leukocyte (92% vs. 82%), central granulocyte 
(92% vs. 40%), central granulocyte ratio (60% vs. 34%), 
lymphocyte (14% vs. 2%) and lymphocyte ratio (32% 
vs. 8%), erythrocyte (14% vs. 2%), creatinine (72% vs. 
54%) and chlorinum (80% vs. 64%) to the normal 
levels compared with the control group (Table 2). 

Comparison of the microbial community of 
stomach between HS and BCS groups 

To compare the microbial diversity between HS 
and BCS groups, the V4 hypervariable region of 
bacteria was amplified using the 16S rRNA amplicon 
sequencing method. A total of 1,014,257 filtered clean 
reads (78,019.77 reads/sample) and 6,317 OTUs were 
obtained from all the samples with an average of 
485.92 OTUs per group (data not shown).  

In Fig. 2A and Fig. 2B, the observed species and 
Shannon index indicated that the occurrence of gastric 
cancer had little effect on the α diversity of the 
microbial community of the stomach between the HS 
and BCS groups. Then, the top 10 microorganism 
populations at the phylum level showed that 
Firmicutes, Bacteroidetes, Proteobacteria and 
Actinobacteria constituted the most common 
dominant phyla in these two groups, and gastric 
cancer had a marked increase of Firmicutes (53.04% 
vs. 34.87%) and Actinobacteria (9.52% vs. 4.03%), 
while it made a sharp reduction of Bacteroidetes 
(22.60% vs. 32.22%) and Proteobacteria (9.52% vs. 
17.60%) compared with the healthy people (Fig. 2C). 
At the genus level, gastric cancer greatly enhanced the 
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richness of Streptococcus (33.60% vs. 16.49%), 
Peptostreptococcus (2.36% vs. 0.16%), Prevotella (1.35% 
vs. 0.6%), while it greatly reduced the abundance of 
Helicobacter (0.06 % vs. 0.20%) and Bifidobacterium 
(0.32% vs. 1.49%) (Fig. 2D). 

 

Table 2. Rate of people restoring to normal range. AC, 
cancer patients after gastrectomy and treatment without probiotic 
combination; ACP, cancer patients after gastrectomy and 
treatment with probiotic combination. 

Index Normal 
standards 

Groups People 
within 
normal 
range 

Total 
people 

Rate of people 
within normal 
range (%) 

Leukocyte (3.5-9.5)×109 
cells /L 

AC  41 50 82 
ACP  46 50 92 

Central 
granulocyte 

(2-7)× 109 cells 
/L 

AC  20 50 40 
ACP  46 50 92 

Central 
granulocyte ratio 

 (40-75)% AC  17 50 34 
ACP  30 50 60 

Lymphocyte  (1.5-4)× 109 

cells /L 
AC 1 50 2 
ACP 7 50 14 

Lymphocyte ratio (20-50)% AC  4 50 8 
ACP  16 50 32 

Hemoglobin (130-175) g/L AC  4 50 8 
ACP  6 50 12 

Erythrocyte (4.3-5.8)×1012 
cells /L 

AC  1 50 2 
ACP  7 50 14 

Total protein (65-85) g/L AC 1 50 2 
ACP  7 50 14 

Albumin (40-55) g/L AC 1 50 2 
ACP  3 50 6 

Haematoblast (125-350)× 109 

cells /L 
AC  30 50 60 
ACP  33 50 66 

Aspartate 
aminotransfrase 

(15-35) U /L AC  33 50 66 
ACP  32 50 64 

Alanine 
aminotransfrase 

(7-40) U /L AC  49 50 98 
ACP  46 50 92 

Total bilirubin (3.4-17.1) μmol 
/L 

AC 40 50 80 
ACP 37 50 74 

Uric acid (155-357) μmol 
/L 

AC  35 50 70 
ACP 40 50 80 

Creatinine (58-84) μmol 
/L 

AC  27 50 54 
ACP  36 50 72 

Kalium (3.5-5.3) mmol 
/L 

AC  39 50 78 
ACP  44 50 88 

Natrium (137-147) 
mmol /L 

AC  38 50 76 
ACP 40 50 80 

Chlorinum (99-110) mmol 
/L 

AC  32 50 64 
ACP  40 50 80 

 
In Fig. 3, the scalar-Venn results indicated that 

there were 1,292 and 1,028 OTUs in the HS group and 
BCS group, respectively, and the percentage of 
common OTUs was 70.36% (909/1292) and 88.42% 
(909/1028), respectively. The principal coordinates 
analysis (PCoA) indicated that most of the samples in 
the HS group clustered together, while samples in the 
BCS group scattered far away from the BCS groups. In 
addition, the Lefse analysis also indicated that 
Campylobacterales (at order), Prevotellaceae intermedia 
(at species), Helicobacteraceae (at family) and 
Helicobacter (at genus) were significantly higher in the 
HS group than in the BCS group (p < 0.05). 

Effect of probiotic combination on faecal 
microbial diversity between BCF, ACF and 
ACFP groups 

When sequenced, the faecal samples of patients, 
1,562,145 filtered clean reads (78,107.25 reads/sample) 
and 7,853 OTUs, were obtained from all the samples 
with an average of 392.65 OTUs per group (data not 
shown), and no obvious changes of species and 
Shannon index were observed (Fig. 4A and Fig. 4B).  

 
Fig. 1. Effect of probiotic combination on inflammation (A), immunity (B), and nutrition (C, D). A, Leukocyte; B, Lymphocyte; C, Albumin; D, Total protein. AC, cancer patients 
after gastrectomy and treatment without probiotic combination; ACP, cancer patients after gastrectomy and treatment with probiotic combination. * means p < 0.05, ** means 
p < 0.01,*** means p < 0.001, and **** means p < 0.0001. 
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Fig. 2. Evaluation of the probiotic combination on stomach microbiota in the observed species (A), the Shannon index (B), relative abundance at the phylum level (C) and relative 
abundance at the genus level (D). HS, the microbiota in the stomach of healthy people; BCS, the microbiota in the stomach of patients before gastrectomy. * means p < 0.05. 

 

 
Fig. 3. Evaluation of the probiotic combination on stomach microbiota on the scalar-Venn representation (A), PCoA of β diversity index (B) and Lefse index (C). HS, the 
microbiota in the stomach of healthy people; BCS, the microbiota in the stomach of patients before gastrectomy. 
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Fig. 4. Evaluation of the probiotic combination on faecal microbiota in the observed species (A), the Shannon index (B), relative abundance at the phylum level (C) and relative 
abundance at the genus level (D). BCF, the microbiota in faeces of patients before gastrectomy; ACF, the microbiota in faeces of patients after gastrectomy and treatment without 
probiotic combination; ACFP, the microbiota in faeces of patients after gastrectomy and treatment with probiotic combination. 

 
As shown in Fig. 5, the gastrectomy seriously 

disturbed the microbial diversity. At the phylum 
level, the probiotic combination had obviously 
reduced the abundances of Firmicutes (37.41% vs. 
82.72%) and Actinobacteria (0.70% vs. 4.87%), while it 
markedly increased the percentage of Bacteroidetes 
(38.95% vs. 4.72%), Proteobacteria (18.00% vs. 7.21%), 
Fusobacteria (2.23% vs. 0.04%) and Verrucomicrobia 
(2.42% vs. 0.01%) (Fig. 4C). At the genus level, the 
probiotic combination greatly reduced the richness of 
Lactobacillus (1.40% vs. 14.34%), Streptococcus (4.00% 
vs. 26.58%), Subdoligranulum (0.40% vs. 5.47%), 
Catenibacterium (0.02% vs. 2.84%), and Blautia (0.55% 
vs. 2.14%), while it obviously enhanced the richness of 
Bacteroides (10.55% vs. 3.06%), Parabacteroides 
(15.75%% vs. 0.36), Faecalibacterium (6.50% vs. 0.32%), 
Fusobacterium (2.23% vs. 0.04%), Alloprevotella (2.10% 
vs. 0.10%) and Akkermansia (2.42% vs. 0.01%). 

In total, there were 5674, 3967 and 3917 OTUs in 
the BCF, ACF and ACFP groups, and the common 
OUT number was 2067. Moreover, the samples in the 
BCF, ACF and ACFP groups formed clusters 
separated from each other, indicating that the 
probiotic combination had greatly changed the 
microbial diversity in the intestines of the host (Fig. 5). 

Discussion  
Gastrectomy has been widely used for the 

treatment of gastric cancer, while multiple factors, 
e.g., overgrowth of bacteria, malabsorption, and 
inadequate oral intake, will cause serious 
physiological and microbial disorders and eventually 
harm the health of patients. In the present study, the 
probiotic combination was applied to reduce the side 
effects caused by partial gastrectomy for patients with 
gastric cancer. 

First, we compared the physiological indexes of 
blood and found that the probiotic combination had 
significantly reduced the inflammation indexes of 
leukocytes, while it markedly enhanced the immunity 
indexes of lymphocytes and the nutrition indexes of 
albumin and total protein, indicating that the 
probiotic combination had greatly enhanced the 
quality of life of patients via reducing the 
inflammatory state and enhancing the immunity of 
patients (Fig. 1, p < 0.05). In blood, the number of 
leukocytes is regarded as an indicator of disease, and 
the increase in the number of leukocytes over the 
upper limits possessed a strong connection with the 
inflammatory state of patients [30]. Moreover, the 
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enhanced number of lymphocytes, albumin and total 
protein indicated that the probiotic combination could 
help patients to enhanced nutrition and greatly 
enhanced the immunity of patients to help them 
defend against infections and promote functional 
recovery [31]. 

As we know, the human is a metaorganism 
consisting of host cells and a vast consortium of 
microbial organisms living on all of our barrier 
tissues. The various organisms the live in the 
intestines of the host provide a tremendous benefit to 
humans via processing of complex dietary 
constituents of fibre and impacts multiple organ 
systems (including host immunity) [32-35]. Therefore, 
the probiotic combination maintained the functions of 
host intestines, which increased the rate of leukocyte, 

central granulocyte and central granulocyte ratio, 
lymphocyte and lymphocyte ratio, erythrocyte, 
creatinine and chlorinum of patients in the ACP 
group to the normal levels (Table 2). 

As the gastric cancer might have a strong 
influence on the microbial diversity in the stomach, 
the 16S rRNA amplicon sequencing analysis was used 
to sequence the V4 hypervariable region of microbiota 
in the stomach. As shown in Fig. 2, gastric cancer 
posed little effect on species number, while it 
significantly changed their composition in the HS and 
BCS groups. Previous studies have indicated that the 
increased abundances of Firmicutes and the 
decreased abundances of Bacteroidetes had a strong 
connection with an unhealthy state; therefore, the 
increased rate of Firmicutes/Bacteroidetes in the 
stomachs of patients might be a potential risk to the 
health of patients [35-37]. Moreover, our results 
indicated that gastric cancer had greatly enhanced the 
richness of the pathogens Streptococcus, 
Peptostreptococcus and Prevotella, while it reduced the 
percentage of probiotic Bifidobacterium, confirming the 
harm of gastric cancer on stomach microbiota and 
host health. Interestingly, we also observed that 
gastric cancer had reduced the abundance of 
Helicobacter, a bacterium thought to be the causative 
pathogen in gastric cancer, and 2% of people with 
Helicobacter infections could develop stomach cancer 
[38]. 

At the end, we compared the faecal microbiota 
among the BCF, ACF and ACFP groups and found 
that the use of the probiotic combination had greatly 
reduced the ratio of Firmicutes/Bacteroidetes 
compared with patients taking no probiotics, 
indicating that the taking of probiotics had greatly 
improved the intestinal microflora balance (Fig. 4). 
For pathogens, the probiotic combination significantly 
reduced the abundances of Streptococcus, while it 
significantly enhanced the richness of the beneficial 
bacteria Bacteroides and Faecalibacterium. Although the 
Lactobacillus in the ACFP group received a marked 
reduction, we found that the growth of Akkermansia, 
the most famous of the probiotics [39], had been 
significantly promoted compared with the ACP group 
(Fig. 4). In addition, the distinctly separate clusters of 
the BCF, ACF and ACFP groups indicated that 
gastrectomy had greatly changed the microbial 
diversity of patients with gastric cancer and taking the 
probiotic combination could reduce the severity of 
physiological and microbial disorders via forming a 
new balance.  

In the present study, our work showed that the 
probiotic combination of B. infantis, L. acidophilus, E. 
faecalis and B. cereus significantly enhanced the 
immunity of patients, reduced inflammation and was 

 
Fig. 5. Evaluation of the probiotic combination on faecal microbiota on the 
scalar-Venn representation (A) and PCoA of β diversity index (B). BCF, the 
microbiota in faeces of patients before gastrectomy; ACF, the microbiota in faeces of 
patients after gastrectomy and treatment without probiotic combination; ACFP, the 
microbiota in faeces of patients after gastrectomy and treatment with probiotic 
combination. 
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beneficial to restore the microbial diversity of patients 
who received gastrectomy. Therefore, the present 
randomised clinical trial illustrates the benefits of oral 
probiotics in the prevention of physiological and 
microbial disorders when provided to cancer patients 
after gastrectomy. Future studies should be devoted 
to explore the potential mechanisms that underlie its 
sound effect using animal experiments. 
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