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Laparoscopic cholecystectomy (LC) is regarded as the criterion standard for gallstone therapy, but post-chole-
cystectomy syndrome (PCS) is a common complication. This study aimed to analyze and identify differences in
gut microbiome in PCS patients.

This study involved 8 PCS patients (RS1), 8 asymptomatic PCS patients (RS2), and 8 healthy individuals (RS3).
Genomic DNA of gut microbiome was extracted and amplified with CTAB method. PCR products were sequenced
with lllumina High-Through Sequencing. Sequencing data were analyzed with QIIME software. Effective sequence
of bacterial 165-rRNA gene was clustered into OTUs using UPARSE software. Species annotations were eval-
uated using Mothur software. QIIME software was used to conduct complexity analysis and calculate UniFrac
distances. R software was used to generate PCoA plots.

Bacterial 16S-rDNA gene sequences showed that the effective species annotative data were more than 97%.
According to Ternary plot, Firmicutes and Bacteroidetes had similar abundance and contents among the 3 groups.
Contents of Proteobacteria in RS1 were higher compared to RS2 and RS3. Bacterial genomic DNAs samples were
clustered together in the same group; however, distances were relative far between different groups. RS1 illus-
trated significantly higher abundance of Proteobacteria colonies compared to healthy people (p<0.05), and illus-
trated higher abundance of Verrucomicrobia and lower abundance of Bacteroidetes and Firmicutes, but without
significant differences (p>0.05).

Gut microbiome of PCS patients was dominated by Proteobacteria in feces and contained little Firmicutes and
Bacteroidetes. The enhanced abundance of Proteobacteria might be the highly pathogenic risk factor for chronic
abdominal pain and diarrhea in PCS patients.
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Background

Gallstone is one the most critical digestive disorders, mainly
affecting the gallbladder, and was first reported in the year
1507 [1,2]. The high prevalence of gallstones (ranging from
10% to 20%) in the adult population in developed countries
makes it the costliest and the most prevalent gastrointestinal
tract diseases in the world [3,4]. Gallstones are also epidemic
in developing countries, reaching 10% in China. About 20% to
40% of gallstone patients diagnosed as having asymptomatic
cholelithiasis progress to symptoms during the pathological
process [5]. The high prevalence and costs of this gastrointes-
tinal tract disease impose a substantial burden on health-care
systems in many countries [6].

Gallstones (also referred to as cholecystolithiasis) are mainly
composed of some solid mixtures, such as calcium carbonate,
palmitate, cholesterol crystals, and glycoproteins [7]. Gallstone
pain is characterized by a symptom complex with long duration
and is distributes in the upper-right abdominal quadrant [8].
In clinical practice, laparoscopic cholecystectomy (LC) is con-
sidered the criterion standard for surgical therapy for gallstone
patients, and is performed in more than 90% of such patients
in the USA [3]. Although LC treatment is generally effective,
a few postoperative complications occur, including post-cho-
lecystectomy syndrome (PCS), which occurs in 10% to 40%
of patients within several weeks or months [9]. The etiology
of PCS has many pathophysiologies, including the unrelieved
original symptoms, new clinical syndrome (non-specific diges-
tive tract symptoms, such as nausea, belching, abdominal dis-
tention, diarrhea, and specific biliary symptoms such as typical
biliary colic pain in the right-upper abdominal) [10]. Modern
medicine recognizes main 2 risk factors for PCS: biliary tract
factors (such as residual choledocholithiasis or neo-deposit-
ed stones in common bile duct, excessive residual cystic duct,
and Oddi sphincter dysfunction) and non-biliary tract factors
(such as acute or chronic gastritis, peptic ulcer, and malignant
tumors in the gastrointestinal tract) [11,12].

Moreover, some PCS patients do have the symptoms men-
tioned above, and instead have demonstrate long-term and
repeated abdominal distention, diarrhea, and abdominal pain.

CLINICAL RESEARCH

Therefore, we speculated that the changed gut microbiome
and its abnormal metabolic functions might be associated with
these kinds of PCS patients, which has not been proved pre-
viously. Previous studies [13,14] have found that the bacteri-
al colonies exist in the bilirubinate gallstone, choledocholithi-
asis. Therefore, the bacteria growth might directly participate
in the formation of gallstones. Gallstone composition analy-
sis and analysis of microbial community diversity discovered
that there are mainly Enterobacteriaceae, Salmonella, and
Paratyphoid salmonella in the stones [13,15].

In this study, we analyzed and identified differences in the
main gut microbiome in post-cholecystectomy syndrome pa-
tients, asymptomatic post-cholecystectomy syndrome patients,
and healthy people, and propose a theoretical basis for clini-
cal prevention and therapy. Our results should help in devel-
oping microecological agents for treatment of PCS.

Material and Methods

Subjects and sample collection

This study involved 16 gallstone patients undergoing laparo-
scopic cholecystectomy (LC) in our hospital from March 2015
to April 2015. The gallstone patients included 8 cases of post-
cholecystectomy syndrome patients (RS1 group) and 8 cases
of asymptomatic post-cholecystectomy syndrome (RS2 group).
Two years after the LC surgery, fresh feces were collected from
these patients as the test samples. Healthy individuals attend-
ing a regular checkup (RS3 group, n=8) were assigned as the
controls and the fresh feces were collected as the test sam-
ples. The fresh fecal samples were stored at -80°C for subse-
quent testing. The basic characteristics assessed are listed in
Table 1. The 3 groups were comparable in age and sex data
(Table 1, p>0.05).

All subjects provided written informed consent. This study was
approved by the Ethics Committee of the Second Affiliated
Hospital, Kunming Medical University, Kunming, China.

Table 1. Comparison for the ages and genders of the post-cholecystectomy syndrome patients (RS1), asymptomatic post-

cholecystectomy syndrome patients (RS2) and health people (RS3).

Characteristics RS1 RS2 RS3 p
Age (years) 55.25+16.82 59.8749.31 50.3848.62 0.194
CGender 0454
"""" male  3.(Q750% 5 (6250% 2 @s00%
"""" Female 5 (6250%) 3 (37.50% 6 (7500%
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Inclusive and exclusive criteria

Inclusion criteria for post-cholecystectomy syndrome patients
were: 1) aged more than 18 years, 2) underwent LC surgery
more than 2 years ago, and 3) diagnosed as having post-cho-
lecystectomy syndrome combined with digestive tract symp-
toms such as nausea, belching, diarrhea, and abdominal pain.

Exclusion criteria for post-cholecystectomy syndrome patients
were: 1) with confirmed biliary tract diseases such as residual
choledocholithiasis or neo-deposited stones in common bile
duct, excessive residual cystic duct, or Oddi sphincter dysfunc-
tion, 2) abdominal pain caused by extrabiliary diseases such
as gastroesophageal reflux disease, hiatal hernia of esopha-
gus, peptic ulcer, intrahepatic bile duct stones, chronic pan-
creatitis, postoperative intestinal adhesion, or chronic mesen-
teric ischemia, 3) orally administered or intravenously injected
with any antibiotics within the past 2 months, 4) orally admin-
istered microecological agents or intestinal probiotics within
the past 2 months.

The patients who underwent LC surgery more than 2 years
before and who did not have any symptoms were includ-
ed into the asymptomatic post-cholecystectomy syndrome
group (RS2 group).

Extraction of genomic DNA of gut microbiome and PCR
amplification

The genomic DAN was extracted from the feces samples of RS1,
RS2, and RS3 patients by employing the hexadecyltrimethyl-
ammonium bromide (CTAB) approach according to the meth-
od described in a previous study [16]. Briefly, the higher-qual-
ity total microbial DNA was isolated by using the commercial
E.Z.N.A Stool DNA kit (Omega Bio-Tek, Inc. (Norcross, GA, USA)
according to the instructions of the manufacturer. The PCR as-
say was used to amplify the V4/V5 regions of 16S ribosomal
RNA gene of bacteria by using the primer sequences synthe-
sized by the method described in a previous study [17]. The PCR
reaction system was a 20-pl reaction mixture, including tem-
plate DNA (10 ng), primers (1 pl for both forward and reverse
primer), 2.5 mM dNTPs (2 pl), FastPfu buffer (4 pl), and FastPfu
polymerase (0.5 pl), supplemented with phosphate-buffered
saline (PBS, Beyotime Biotech, Shanghai, China). The PCR am-
plification was conducted as: 95°C for 2 min for the initial step,
followed by 30 cycles at 94°C for 30 s, 50°C for 30's, and 72°C
for 45 s, and terminating the extension at 72°C for 10 min.

Illumina Hiseq sequencing
The amplified PCR products were mixed and purified us-

ing a DNA-gel extracting kit (Cat. No. AP-GX-250, Axygen
Biosci., Union City, CA, USA) following the instructions of the
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manufacturer. Then, the gene library was constructed by using
the DNA PCR-Free Sample Preparation kit (Cat. No. FC-121-3003,
lllumina, San Diego, CA, USA) supplemented with pooled PCR
products as the templates. The purified amplified PCR prod-
ucts were pooled with equimolar amounts and sequenced us-
ing the Illumina High-Throughput Sequencing platform (Mode:
Hiseq2500, Illumina, San Diego, CA, USA).

Analysis of sequencing data using QIIME software

The sequencing data were split and the 250-bp reads and the
primer sequences were truncated according to previously de-
scribed criteria [18]. FLASH software [19] was used to extend
the short reads or sequences through discriminating overlaps
between the paired-end reads to obtain the original number of
total gene sequences (Tags) data. The low-quality sequences
and singleton sequences were removed or filtered out using
Quantitative Insights Into Microbial Ecology (QIIME) software
(version: 1.7.0) [20]. According to the Tags quality control pro-
cess of QIIME software, the chimeric sequences were identi-
fied and removed by blasting the sequences through compar-
ing the UCHIME Algorithm software (http://www.drive5.com/
usearch/manual/uchime_algo_html) [21] and Gold database.
Eventually, the effective data was obtained.

OTU clustering and species annotation

All of the effective sequences of bacterial 16S-rRNA gene
were clustered into operational-taxonomic units (OTUs) with
97% sequence-similarity with the UPARSE software (version:
v7.0.1001, http://drive5.com/uparse) [22]. The species anno-
tation, including species diversity, species coverage, species
richness, alpha diversity, and rarefaction analysis, was con-
ducted using Mothur software (version: v.1.30.1) [23] and the
ssUrRNA of Silva 16S-rRNA database utilizing the confidence
threshold ranging from 80% to 100% [24]. The fast multiple-
sequence alignment was conducted by using Muscle software
(version: 3.8.31, http://www.drive5.com/muscle/).

Complexity analysis of bacterial genomic DNA

The QIIME software (version: 1.7.0) [20] was employed to an-
alyze the OTUs of bacterial genomic DNA and calculate the
abundance-based coverage estimator (ACE), Goods-coverage,
and PD whole-tree indexes. R software (version: 2.15.3, http://
www.R-project.org) was used to draw the dilution curve ac-
cording to the OTUs of bacterial genomic DNA. Finally, the dif-
ferentiation analysis among different groups was conducted.
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Comparative analysis of various products of bacterial
genomic DNA
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Table 2. Ratio for the annotation information obtained Taxon
Tags comparing with Total Tags.

QIIME software (version: 1.7.0) [20] was utilized to calculate the s Total Tags/

. . amples  Total Tags Taxon Tags o
UniFrac distances, as well as to construct the sample cluster Taxon Tags (%)
tree by using the unweighted pair-group method with arithme- RS1.1 61485 61168 99.48%
tic mean (UPGMA) method. R software (version: 2.15.3, http:// ~ —
www.R-project.org) was used to generate the principal coordi- RSlZ ,,,,,,,,,,, 60219 ,,,,,,,,,,, 595549889/" ,,,,,,,,,,,
nate analysis (PCoA) plots. RS1.3 54566 53702 98.41%

L. . RS1.4 64622 63823 98.88%
Statistical amalysis =~
RS1.5 58892 58691 99.65%
Data were analyzed with SPSS20.0 software (SPSS, Inc., Chicago, R516 7777777777 47097 7777777777 466349902% 77777777777
IL, USA). Continuous variables are represented as mean + stan-
dard deviation (SD) or interquartile range and analyzed using one- RS” ,,,,,,,,,,, 58912 ,,,,,,,,,,, 58348990“’ ,,,,,,,,,,,
way ANOVA for comparisons among multiple groups. Categorical RS1.8 50303 49891 99.18%

. oy 1 N ———
va.rlables are. represented as percentag(-?- (%) and were analyze.d - e — -~
using the chi-square test to compare differences among multi- .~~~ T
ple groups. p<0.05 was set as the level of statistical significant. RS2.2 52276 51754 99.00%

RS2.3 49834 49252 98.83%
Results RS2.4 61486 60689 98.70%
RS2.5 63161 62600 99.11%

Bacterial 16S-rDNA gene sequences were true and reliable =~ o o
RS2.6 49419 48255 97.64%
The OTUs clustering and species annotation results of bacterial RS2.7 55160 54247 98.34%
genomic DNA showed that more than 97% of Tags amounts RS2.8 50930 49796 97.77%

were qualified for constructing OTUs and obtaining species =

0,

annotation (also defined as Taxon Tags (blue)/Total Tags(red) RS31 ,,,,,,,,,,, 60382 ,,,,,,,,,,, 594759850/" ,,,,,,,,,,,
>97%) (Table 2, Figure 1); therefore, the effective species an- RS3.2 58687 58353 99.43%

notative data are more than 97% and the bacterial 16S-rDNA o
. . RS.3.3 64903 64490 99.36%

gene sequences of 24 cases of bacterial genomic DNA sam- .~~~ .~~~ T T
ples were true and reliable. RS3.4 53843 53521 99.39%
RS3.5 54540 54210 99.39%

Demonstration for relative abundance of species of

0,

bacteria in feces samples RS36 77777777777 7679?76”67 77777777777 604079957/" 77777777777
RS3.7 58190 57900 99.50%

According to the species annotation results from 24 feces o
RS3.8 47960 47634 99.32%

samples, the top 10 species annotation data were selected by
sequencing the maximum abundance with phylum analysis,
and the relative abundance of species cylindrical accumula-
tive graph was synthesized (Figure 2). From the relative abun-
dance of species graph based on the phylum levels, we could
easily determine the higher relative abundance of species. The
bacteria that dominated the top 10 species annotation data
were: Firmicutes, Bacteroidetes, Proteobacteria, Verrucomicrobia,
Actinobacteria, Cyanobacteria, Tenericutes, Planctomycetes,
Acidobacteria, and Gemmatimonadetes.

Differential species analysis of bacteria in feces samples

In this study, the Ternary plot was generated to analyze the
differential species based on the top 10 species annotation

RS1.1-RS1.8 represented the post-cholecystectomy syndrome
patients, RS2.1-RS2.8 represented the asymptomatic post-
cholecystectomy syndrome patients, RS3.1-RS3.8 represented
the health people. Total Tags — number of total gene sequences,
Taxon Tags — number of species annotated gene sequences.

data (Figure 3). According to the Ternary plot, Firmicutes and
Bacteroidetes were located at the middle position, which sug-
gested that these 2 bacteria had the similar abundance and
similar contents among the 3 groups (RS1, RS2, and RS3).
Meanwhile, the Proteobacteria was relatively close to RS1 and
relatively far to RS2 and RS3, which suggested that the con-
tents of Proteobacteria in RS1 were higher compared to that
in the RS2 and RS3 groups (Figure 3).
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Figure 1. Statistical chart for the bacterial OTUs clustering and species annotation of 24 fecal samples. RS1.1-RS1.8 represents post-
cholecystectomy syndrome patients, RS2.1-RS2.8 represents asymptomatic post-cholecystectomy syndrome patients, and
RS3.1-RS3.8 represents healthy people. The horizontal ordinate represents the 24 fecal samples. The first longitudinal
ordinate represents the amounts of Tags. Total Tags (red, number of total gene sequences) represent the effective data.
Unique Tags are displayed in orange and represent the number of Tags that cannot cluster to OTUs. Taxon Tags (blue,
number of species annotated gene sequences) represent the effective data that were successfully obtained from the species
annotation information. Unclassified Tags (green tea color) represent the number of Tags that have not obtained species
annotation information. The second longitudinal ordinate represents the number of OTUs. OTUs (purple) represent the OTU
amounts in each fecal sample, also named as amounts of bacterial species annotation.
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Figure 2. Relative abundance of species in a cylindrical accumulative graph of bacteria in 24 fecal samples. RS1.1-RS1.8 represents
post-cholecystectomy syndrome patients, RS2.1-RS2.8 represents asymptomatic post-cholecystectomy syndrome patients,
and RS3.1-RS3.8 represents healthy people. The horizontal ordinate represents the 24 fecal samples. The longitudinal
ordinate represents the relative abundance of species. Others represent the sum of the relative abundance in the other
bacteria except for the above top 10 species.
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Figure 3. Ternary plot graph illustrating the different bacterial
species in fecal samples. RS1 represents post-
cholecystectomy syndrome patients, RS2 represents
asymptomatic post-cholecystectomy syndrome
patients, and RS3 represents healthy people. The 3
vertexes of the triangle graph represent samples of
RS1, RS2, and RS3, respectively. One pie chart (small
or large with different colors) represents a bacterium,
the size of which represents the relative abundance of
species. The distance between the vertex and pie chart
represented the content ratio of this bacteria in this
group (RS1, RS2 or RS3).
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Figure 4. PCoA analysis based on the weighted UniFrac distance
of bacterial genomic DNA in fecal samples. RS1
represents post-cholecystectomy syndrome patients,
RS2 represents asymptomatic post-cholecystectomy
syndrome patients, and RS3 represents healthy people.

B Firmicutes

[ Bacteroidetes
B Proteobacteria
@ Verrocumicrobia
B Actinobacteria
[0 Cyanobacteria
[ Tenericutes

[ Planctomycetes
[ Acidobacteria
[ Gemmatimonadetes
[ Others

RS1
RS2
N RS3
Weighted unifrac distance f T
iilalialiilsslietyl il 0.00
0 002 004 006 008

0.25

I I
0.50 0.75
Relative abundance in phylum level

1.00

Figure 5. Construction of cluster tree using UPGMA of bacterial genomic DNA in fecal samples of 3 groups. RS1 represents post-
cholecystectomy syndrome patients, RS2 represents asymptomatic post-cholecystectomy syndrome patients, and RS3

represents healthy people.

PCoA analysis of bacterial genomic DNA in feces samples

PCoA mainly extracts the most important elements and struc-

showed that the bacterial genomic DNAs samples were clus-
tered together in the same group; however, the distances were
relatively far between different groups (Figure 4).

tures from the multidimensional data through a series of typ-
ical values and characteristic vector sorting. The PCoA results
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Table 3. Differential comparison for the microbial colonies for
the post-cholecystectomy syndrome patients (RS1),
asymptomatic post-cholecystectomy syndrome patients
(RS2) and health people (RS3).

Microbial colonies Comparison p
Verrucomicrobia RS1: RS3 0.4246
Bacteroidetes | RSL:RS3 06773
Frmicutes | RSL:RS3 03207
protecbacteria | RSLLRS3 001
Vernucomicrobia | RSLLRS2 04749
Bacteroidetes | RSL:RS2 06702
Fmicutes | RSL:RS2 05847
protecbacteria | RSL:RS2 0.1498

Cluster tree construction using UPGMA of bacterial
genomic DNA in feces samples

In order to study the similarity among different bacterial ge-
nomic DNA in feces samples, UPGMA was used to conduct
clustering analysis. The clustering data of bacterial genomic
DNA in 24 feces samples and the relative abundance in phy-
lum levels are demonstrated in Figure 5. Comparing with the
healthy people (RS3 group), there were significant differences
in post-cholecystectomy syndrome patients (RS1 group), includ-
ing higher abundance of Proteobacteria and Verrucomicrobia
and lower abundance of Bacteroidetes and Firmicutes. The
statistical analysis also indicated that compared with healthy
people (RS3 group), the post-cholecystectomy syndrome pa-
tients (RS1 group) had higher abundance of Verrucomicrobia

Kang Z. et al.:
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and lower abundance of Bacteroidetes and Firmicutes; however,
there were no significant differences between the RS1 group
and RS3 group (p>0.05). Furthermore, there were significant
differences for the Proteobacteria colonies between the RS1
and RS3 group (Table 3, Figure 6, p=0.01).

Compared with asymptomatic post-cholecystectomy syndrome
patients, there were Verrucomicrobia, Bacteroidetes, Firmicutes,
and Proteobacteria in post-cholecystectomy syndrome pa-
tients, and there were no significant differences between the
2 groups (Table 3, p>0.05).

Discussion

In the present study, the bacterial genomic DNA was ampli-
fied and determined by using the 16S-rDNA gene amplifica-
tion approach, which usually exhibits higher bacterial detec-
tion rates [25]. The distinguished bacteria could be classified
and identified by sequencing the variable regions and constant
regions of 165-rDNA and BLAST with the established microbi-
al gene library [26]. Our results showed that compared with
healthy people (RS3 group) and asymptomatic post-cholecys-
tectomy syndrome patients (RS2 group), the post-cholecystec-
tomy syndrome patients (RS1 group) demonstrated obvious
differences in relative abundance of bacterial species in feces
samples (including Firmicutes, Bacteroidetes, Proteobacteria,
Verrucomicrobia, Actinobacteria, Cyanobacteria, Tenericutes,
Planctomycetes, Acidobacteria, and Gemmatimonadetes). Among
these bacterial species, the Proteobacteria had the highest de-
gree of enhancement. Therefore, compared to traditional bac-
terial culture methods, the 16S-rDNA PCR amplification tech-
nology exhibited a few remarkable merits in screening and
identifying bacteria, including explicit and existent bacterial

Bacteria. Probacteria

Relative abundance

Figure 6. Differential comparison of Proteobacteria between post-cholecystectomy syndrome patients (RS1 group) and healthy people
(RS3 group). RS1 represents post-cholecystectomy syndrome patients, and RS3 represents healthy people. The longitudinal
ordinate represents the relative abundance of bacterial species. Each red band represents one sample.
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colonies, relatively higher abundance, undifferentiated bacte-
rial colony growth, and higher efficacy [27].

Post-cholecystectomy syndrome has many causes, including bil-
iary tract diseases, primary diseases outside biliary tract (gas-
troesophageal reflux disease, duodenogastric reflux, acute or
chronic gastritis, gastrointestinal ulcer), and abnormal metab-
olism of intestinal microorganisms (patients with abdominal
distention and diarrhea, but without obvious anatomical ab-
normalities and primary diseases outside biliary tract) [28,29].
Therefore, it may be helpful to investigate and compare the
gut microbiome and its abnormal metabolic functions be-
tween the people with post-cholecystectomy syndrome and
healthy people to discover the etiological factors and provide
novel insights or therapeutic approaches for post-cholecys-
tectomy syndrome.

In this study, fresh feces were collected from 8 post-cholecys-
tectomy syndrome patients and 8 asymptomatic post-chole-
cystectomy syndrome patients at 2 years after the LC surgery.
Because the contents of bacterial colonies in feces are influ-
enced by many risk factors [30], these 16 patients were not
orally administrated or intravenously injected with any anti-
biotics, microecological agents, or intestinal probiotics with-
in the last 2 months. However, the dietary ingredients of the
patients and living environments in the past 2 year of chole-
cystectomy could not be evaluated due to lack of consistency.
Therefore, there might be serious deviation for the bacterial
colonies in the involved feces samples, and enhancing the con-
sistency would be better for the true findings.

According to the relative abundance data, the gut microbi-
ome in the feces of post-cholecystectomy syndrome patients
was dominated by Proteobacteria, and the healthy people
were dominated by Firmicutes. A few post-cholecystectomy
syndrome patients lacked clear causes of symptoms of long-
term abdominal pain and diarrhea, which are different with
the pains caused by biliary or extrabiliary factors. Therefore,
we speculated that the long-term abdominal pain and diar-
rhea might caused by the changes of gut microbiome, espe-
cially for Proteobacteria. Previous studies [31] also reported
that Proteobacteria multiply at the body surface and in vivo,
inducing chronic abdominal pain/diarrhea and a series of in-
flammations, which is consistent with our results. Therefore,
the abdominal pain and diarrhea in the post-cholecystectomy
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syndrome patients could be relieved by using anti-Proteobac-
teria drugs or regents. Moreover, we also discovered a novel
hypothesis that the cholecystectomy causes gallbladder dys-
function, which induces continuous excretion of small amounts
of bile, which damages the microecological environments of
the gut microbiome and thus reduces the abundance of ben-
eficial Bacteroidetes and Firmicutes in the gut. However, the
abundance of the pathological Proteobacteria in the gut is sig-
nificantly enhanced, which damages the normal intestinal di-
gestive functions.

For the clinical application and therapy of post-cholecystec-
tomy syndrome patients, the patients with chronic abdomi-
nal pain and diarrhea could be treated with intestinal probiot-
ics and intestinal microecological agents, both of which could
enhance the contents of Bacteroidetes and Firmicutes, adjust
the balance of gut microbiome, inhibit growth of opportunis-
tic pathogens, and promote intestinal microecological balance.

There were significantly different gut microbiomes in the feces
of post-cholecystectomy syndrome patients and healthy peo-
ple, but we cannot confirm the correlation between changes of
gut microbiome and the periods after cholecystectomy. In fu-
ture research we hope to clarify the correlations at 3 months,
1 year, and 5 years in post-cholecystectomy syndrome between
post-cholecystectomy syndrome patients and healthy people.

Conclusions

The present study evaluated the gut bacterial colonies con-
tents and distributions in post-cholecystectomy syndrome pa-
tients, asymptomatic post-cholecystectomy syndrome patients,
and healthy people, by using 16S-rDAN amplification and se-
quencing strategy. We found that compared with the healthy
group, the gut microbiome was dominated by Proteobacteria
in feces of post-cholecystectomy syndrome patients, with lit-
tle Firmicutes and Bacteroidetes. The higher abundance of
Proteobacteria might be a highly pathogenic risk factor for
chronic abdominal pain and diarrhea in post-cholecystecto-
my syndrome patients.
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