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Abstract: Background/Aim: Common bile duct (CBD) stone recurrence after endoscopic treatment
is a major concern as a late complication. Biliary bacterial factors and biochemical factors determine
the path of gallstone formation. The aim of this preliminary study was to investigate the microbial
profile and components of bile in patients with and without recurrent CBD stones after endoscopic
CBD stone removal. Methods: Among patients who had undergone an initial endoscopic procedure
for the removal of CBD stones and were followed up for >2 years, 11 patients who experienced at
least two CBD stone recurrences, six months after endoscopic retrograde cholangiopancreatography
(ERCP), were categorized into the recurrence group. Nine patients without CBD recurrence events
were matched. Results: Polymicrobial infections are generally seen in all patients who have biliary
sphincteroplasty. Microbial richness, measured by the numbers of operational taxonomic units
(OTUs), was reduced in the recurrence group. The microbial evenness was also significantly lower
than in the non-recurrence group. The overall microbial communities in the recurrence group
deviated from the non-recurrence group. Infection with bacteria exhibiting β-glucuronidase activity
was more frequent in the recurrence group, but there was no statistical significance. In an analysis
of the bile components, the bile acid concentration was higher in the non-recurrence group than in
the recurrence group. However, the other metabolites were not significantly different. Conclusions:
Microbiota dysbiosis and altered bacterial community assembly in bile duct and decreased bile acid
in bile juice were associated with recurrence of bile duct stone.

Keywords: gallstones; bile; microbiota; bile acids and salts

1. Introduction

Endoscopic stone removal by endoscopic retrograde cholangiopancreatography (ERCP)
is the standard treatment for patients with cholangitis caused by common bile duct (CBD)
stones. However, CBD stone recurrences after endoscopic stone removal is one of the
most problematic late complications, with the rate ranging between 3% and 24% [1–3].
The recurred CBD stone could be a burden to both the individual’s health and the social
healthcare industry.

Many factors have been suggested to be associated with CBD stone recurrence. These
factors include abnormal bile duct anatomy (e.g., dilated CBD diameter or sharp angulation
of the CBD), retrograde infection from the duodenum with anatomical changes (e.g.,
periampullary diverticulum (PAD) and manipulated ampulla), altered bile biochemical
composition, etc. [3]. Among them, the anatomical risk factors for recurrent CBD stones
cannot be changed, whereas biliary bacterial factors and biochemical factors, including bile
composition, may be correctable.

Many studies have suggested that different bacterial species and bile composition may
augment the formation of recurrent CBD stones [4–6]. Despite the importance of microbial
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inhabitants of human bile in the pathologic condition, our current knowledge is limited to
a few species of culturable bacteria that have been associated with CBD stones. However,
as multiple microorganisms coexist in the biliary tract, culture-dependent methods are
somewhat insensitive and biased for bacterial identification and are inadequate to study
the entire microbial community [7,8]. In this regard, our understanding on the exact
contribution of unculturable or difficult to culture bacteria in recurrent CBD stone formation
is very limited. Indeed, only a minor fraction (0.1 to 10%) of the bacteria can be cultivated
using standard techniques [9]. Recently, the application of next-generation sequencing
(NGS) has provided a more comprehensive understanding of the bacterial community
and expanded the microbiota detected in humans [10]. Utilizing NGS technology, a
total of 3.8 million bacterial species could be discriminated with 16S rRNA sequences
discovered from previously collected data and published studies [11]. Unlike conventional
methods for identifying microorganisms, NGS provides a comprehensive picture of the
unculturable or difficult to culture bacteria by employing bacterial universal primers. The
use of this method for the detection and differentiation of bacterial species could increase
our understanding on the role of these bacteria and the manner of their pathogenesis in
diseases. Nevertheless, there have been few such investigations that have looked into the
biliary microbiome. In addition to the importance of microbiome in CBD stone recurrence,
the role of bile composition has also not been fully elucidated.

Therefore, this study was carried out to investigate the bacterial communities in
bile using NGS and to analyze the metabolic components of bile to elucidate the role of
microbiota and bile components in CBD stone recurrence.

2. Materials and Methods
2.1. Patients and Bile Sample Collection

Patients who have been followed-up for at least 2 years after index CBD stone removal
and had at least one of the high-risk factors for CBD stone recurrence were included in
this study. High-risk factors for CBD stone recurrence were as follows: maximum CBD
diameter > 15 mm, CBD angle ≤ 145◦, and the presence of periampullary diverticulum
(PAD) [12]. Patients included in this study had undergone cholecystectomy at the time
of index ERCP since they presented with both GB and CBD stones. These patients were
divided up into two groups according to the history of CBD stone recurrence. Patients who
belonged to the recurrence group were those who had at least 2 episodes of recurrences
during the follow-up period. The non-recurrence group was defined as those who had
no recurrence event during the follow-up period. A recurred CBD stone was defined as a
particle with a diameter greater than 3 mm which took on the shape of a stone. CBD stones
that were found and removed within 6 months after index ERCP were not considered
as recurrent stones but as residual stones due to incomplete CBD stone clearance. Only
those detected after 6 months following endoscopic CBD stone removal were regarded as
recurrent stones [3]. Of the aforementioned patients, 20 who agreed to undergo surveillance
endoscopic retrograde cholangiopancreatography (ERCP) procedures to check for CBD
stone recurrence were enrolled. All patients were asymptomatic at the time of surveillance
ERCP without clinical evidence of biliary tract infection, and had not taken antibiotics nor
proton pump inhibitors for at least 3 months prior to bile sample collection.

From these 20 subjects, a total of 20 bile samples (11 from the CBD stone recurrence
group and 9 from the non-recurrence group) were collected during scheduled surveillance
ERCP from September 2018 to August 2019. After advancing the side-viewing endoscopes
(TJF240/JF-260V; Olympus Optical, Tokyo, Japan) into the duodenum 2nd portion and
facing the papilla enface, the cannulation catheter was passed through the working channel
and inserted into the CBD through the manipulated ampulla. Two to five milliliters of the
patients’ bile aspirates from bile duct were sucked out via the catheter before the injection
of contrast agent for ERCP procedure. A portion of the sample was stored at −80 ◦C for
NGS analysis and the remainder was stored at room temperature for analysis of bile juice
components. Afterwards, dye was injected to evaluate for the presence of CBD stones
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and removed when present. CBD stones were broadly classified as being cholesterol or
pigment stones (black or brown) based on their characteristic external appearance by gross
inspection [13], and all recurred CBD stones were brown pigment stones.

This study was approved by the Institutional Review Board of Korea University
Ansan Hospital (No. 2018AS0208) and the research was conducted in accordance with the
Declaration of Helsinki. All patients provided written informed consent upon enrollment.

2.2. Next-Generation Sequencing of Bacterial 16s rRNA Fragments in Bile Samples

To analyze the bacterial community, the V3/V4 regions of the 16S rRNA gene of DNA
extracted from the bile samples were amplified, sequenced, and analyzed. The extraction
method for bacterial DNA was performed by using a PowerMax Soil DNA Isolation Kit
(MO BIO). Each sequenced sample was prepared according to the Illumina 16S Metage-
nomic Sequencing Library protocols to amplify the V3 and V4 regions (519F-806R). The
DNA quality was measured by PicoGreen and NanoDrop. Input genomic DNA (10 ng)
was PCR amplified. The barcoded fusion primer sequences used for amplifications were
as follows: 341F: 5′ CCTACGGGNGGCWGCAG 3′, and 806R: 5′ GACTACHVGGGTATC-
TAATCC 3′ containing forward overhang adapter pair. The final purified product was
then quantified using qPCR according to the qPCR Quantification Protocol Guide (KAPA
Library Quantification kits for Illumina Sequencing platforms) and qualified using the
LabChip GX HT DNA High Sensitivity Kit (PerkinElmer, MA, USA). Then, the paired-end
(2 × 300 bp) sequencing was performed by the Macrogen using the MiSeq™ platform
(Illumina, San Diego, CA, USA).

The operational taxonomic units (OTUs) were generated to calculate the number of
microbial species in the bile. In order to compare the bacterial community richness of bile
between the two groups, observed OTU-based analyses (OTU richness and Chao 1) were
performed. OTU richness is the number of bacterial species observed in each individual
sample. Chao 1 represents species richness estimators of the expected OTUs present in a
group. As Chao 1 measures OTUs expected in samples, given all the bacterial species that
were identified in the samples, Chao1 gives more weight to the low abundance species.
To determine α-diversity, the Shannon diversity index and the inverse Simpson index
were used. The Shannon diversity index is a quantitative measure that shows how evenly
the basic individuals are distributed by taking into account and reflecting the number
of different species in each sample; a high Shannon diversity index signifies evenness,
whereas a low Shannon diversity index denotes unevenness. The Simpson index measures
the degree of concentration or dominance of certain species in a sample. Therefore, the
inverse Simpson index is an indicator of how evenly the species are distributed; a high
inverse Simpson index implies evenness or a lack of dominance, and a low inverse Simpson
index suggests unevenness or the presence of dominance. Evaluation of β-diversity, which
analyzes community similarity, was performed by calculating pairwise distances using the
phylogenetic metric UniFrac.

2.3. Composition of Bile

The bile samples were analyzed for composition of bile, including electrolyte, total
bilirubin, total bile acid, cholesterol, phosphorus and Ca2+. Total bilirubin concentration
was measured in aliquot on a Cobas 8000 C702 (Roche Diagnostics System, Switzerland).
pH, sodium, potassium, chloride, phosphorus, and calcium estimations were carried out on
a cobas 8000 ISE (Roche Diagnostics System, Switzerland) using an ion-selective electrode
method. For measuring cholesterol and triglycerides, bile was diluted one to five times with
methanol and the protein precipitate was removed by centrifugation. The methanol was
then evaporated and the residue was taken for analysis. The cholesterol and triglycerides
were analyzed by photometric analysis on a Cobas 8000 C702 (Roche Diagnostics System,
Switzerland). Total bile acids were also measured with an enzymatic method on a Roche
cobas 8000 C702 analyser.
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2.4. Statistical Analysis

Statistical analyses were performed using IBM SPSS Statistics version 20.0 (IBM,
Armonk, NY, USA). The continuous variables were compared using the Student’s t-test.
Fisher’s exact test was used to analyze the categorical variables. The sequences generated
from pyrosequencing were analyzed with variable software for pre-processing (quality-
adjustment, barcode split), identification of OTUs, taxonomic assignment, community
comparison, and statistical analysis. The FASTP program was used to remove the adapter
sequence, and error-correction was performed for areas where the two reads overlap.
The paired-end data, separated by each sample, was assembled in one sequence using
FLASH (v. 1.2.11). To ensure that any subsequent analysis was highly accurate, sequences
shorter than 400 bp were discarded. By using CD-HIT-OTU, after removing the low-quality
sequence, ambiguous reads, chimera reads, etc., which are based on errors, the filtered
reads were clustered by identity as OTUs at 97% similarity. The representative sequence of
each OTU was performed by BALSTN (v. 2.4.0) to the NCBI 16S Microbial DB, performing
a taxonomic assignment with the organism information of the most similar subject. The
taxonomy is not assigned if the query coverage and identity score matched to the reference
are less than 85%. Community diversity was estimated by using the Shannon and inversed
Simpson indexes. The weighted UniFrac distance method was used to perform a principal
coordinates analysis (PCoA), and trees were built by the unweighted-pair group method
with arithmetic mean (UPGMA).

3. Results
3.1. Baseline Characteristics

The mean age of the patients was 62.3± 16.6 years (range, 29 to 83 years) and 9 (45.0%)
patients were female. The anatomical risk factors for recurrent CBD stones, including CBD
diameter, presence of PAD, and angulation of the bile duct ≤ 145◦, were not statistically
different between the two groups (Table 1).

Table 1. Baseline characteristics.

Recurrence Group
(N = 11)

Non-Recurrence Group
(N = 9) p-Value

Age,
median years (min-max) 62 (32–78) 63 (29–83) 0.12

Gender, male (%) 6 (66.6) 5 (62.5) 0.45
BMI,

median kg/m2(min-max) 22.6 (17.6–29.0) 22.5 (16.2–29.4) 0.45

CBD diameter
(mm, mean ± SD) 17.7 ± 2.5 17.8 ± 2.2 0.89

Angulation of bile duct
(≤145◦) (N, %) 1 (11.1) 0 0.85

PAD (N, %) 0.20
I 2 1
II 5 4
III 2 3

CBD, common bile duct; BMI, body mass index; PAD, periampullary diverticulum.

3.2. Richness of Microbiota in Bile

A total of 303 bacterial species were identified from 20 bile samples. The average OTU,
obtained by calculating the mean values after counting the number of observed OTUs in
each sample, was reduced in the 11 individuals with CBD stone recurrence compared to
the 9 with non-recurrence (29.6 ± 3.6 vs. 60.4 ± 11.6, p = 0.0005, Wilcoxon rank-sum test;
Figure 1a). The expected total number of OTUs for each group, as estimated by the Chao1
estimator, was also considerably lower in the recurrence group than in the non-recurrence
group (29.8 ± 3.5 vs. 60.5 ± 11.6, p = 0.005, Wilcoxon rank-sum test; Figure 1b).
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Figure 1. Comparison on richness of microbiota in bile. Microbiota richness, represented as the
number of (a) observed operational taxonomic units (OTU) and (b) Chao 1, was reduced in the
recurrent CBD stone group (n = 11) compared with the non-recurrence group (n = 9).

3.3. Diversities of Microbiota in Bile

The α-diversities of bile samples, as measured by the Shannon diversity index and
the inverse Simpson index, were significantly lower in the recurrence group than those
of the non-recurrence group samples. The Shannon index, which reflects equal microbial
proportional abundance in a species, was lower in the recurrence group compared to
the non-recurrence group (0.65 ± 0.36 vs. 3.12 ± 0.45, p = 0.027, Figure 2a), signifying
that microbial proportional abundance was uneven in the recurrence group. The inverse
Simpson index, which is another way of quantifying the evenness of a species, was also
lower in the recurrence group compared to the non-recurrence group (0.46 ± 0.10 vs.
0.75 ± 0.06, p = 0.036, Figure 2b), meaning that certain species were more dominant than
other species in the recurrence group. According to the Shannon index and inverse Simpson
index, the diversity index was statistically higher in the bile of the non-recurrence group
than that obtained in the patients with recurrent CBD stones.
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3.4. Microbial Community Similarity

The unweighted UniFrac distance metric, which measures the similarity in the micro-
bial communities of the bile samples (β-diversity), revealed an overall microbial composi-
tion difference between the two groups (unweighted UniFrac, PERMANOVAR, pseudo-F:
1.655, p = 0.05, Figure 3). This result indicates that the microbiome clustering in the
recurrence group was different from that of the non-recurrence group.
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3.5. Microbiome

At the phylum level, Bacteroidetes spp. were significantly decreased in the recurrence
group, whereas Actinobacteria and Firmicutes spp. were over-represented in the recurrence
group relative to the non-recurrence group (Table 2). At the genus level, three bacterial
taxa displayed significantly different abundance between the recurrence group and the
non-recurrence group. The three genera, Neisseria, Capnocytophaga, and Gemella, were
enriched in the non-recurrence group. Conversely, E. coli, Enterococcus spp., Klebsiella
spp., Acinetobacter spp., Streptococcus spp., and Staphylococcus, which exert β-glucuronidase
activity, were more frequent in the recurrence group, even though there was no statistical
difference (Table 3).

Table 2. List and relative proportion of phylum identified by next-generation sequencing.

Phylum
Recurrence Group Non-Recurrence Group

p-Value
Mean Proportion SEM Mean Proportion SEM

Euryarchaeota <0.001 <0.001 0.001 0.001 0.345
Actinobacteria 0.024 0.005 0.009 0.003 0.048
Bacteroidetes 0.074 0.045 0.188 0.066 0.042
Chloroflexi <0.001 <0.001 0.002 0.003 0.345

Cyanobacteria 0.001 0.002 <0.001 <0.001 0.084
Deinococcus <0.001 <0.001 0.001 0.001 0.346
Firmicutes 0.384 0.105 0.178 0.027 0.038

Fusobacteria 0.009 0.006 0.021 0.017 0.311
Gemmatimonadetes <0.001 <0.001 0.001 0.001 0.345

Proteobacteria 0.504 0.121 0.568 0.094 0.814
Spirochaetes <0.001 <0.001 0.001 0.001 0.345
Synergistetes <0.001 <0.001 0.008 0.008 0.409
Tenericutes <0.001 <0.001 <0.001 <0.001 0.999
Unassigned 0.001 <0.001 0.017 0.013 0.411

SEM, standard error of the mean.
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Table 3. List and relative proportion of genus identified by next-generation sequencing.

Genus
Recurrence Group Non-Recurrence Group

p-Value
Mean Proportion SEM Mean Proportion SEM

Neisseria 0.001 0.001 0.162 0.021 0.008
Capnocytophaga 0.001 0.001 0.137 0.004 0.025

Gemella <0.001 <0.001 0.075 0.003 0.041
Rothia <0.001 <0.001 0.003 0.001 0.052

Haemophilus 0.041 0.011 0.046 0.033 0.075
Streptococcus 0.132 0.102 0.029 0.009 0.091

Klebsiella 0.134 0.049 0.049 0.026 0.162
Enterococcus 0.033 0.006 0.006 0.003 0.191
Clostridium 0.044 0.029 0.059 0.029 0.201

Pseudomonas 0.081 0.023 0.073 0.048 0.746
Staphylococcus 0.003 0.002 0.002 0.001 0.807
Acinetobacter 0.002 0.001 0.001 0.001 0.957
Lactobacillus 0.034 0.034 0.001 0.001 0.999
Citrobacter 0.163 0.126 0.014 0.009 0.999
Escherichia 0.320 0.123 0.282 0.107 0.999
Aeromonas 0.001 0.001 0.007 0.006 0.473

Fusobacterium 0.009 0.007 0.028 0.018 0.245
Unassigned 0.001 <0.001 0.017 0.013 0.411

SEM, standard error of the mean.

3.6. Bile Composition

Bile acid concentration was higher in the non-recurrence group than in the recurrence
group (254.51 ± 82.0 mmol/L vs. 147.1 ± 64.2 mmol/L, p < 0.01). Neither the pH values
nor Ca2+ showed statistical differences between the bile samples of both groups (Table 4).

Table 4. Bile metabolic profile.

Recurrence Group
(N = 11)

Non-Recurrence Group
(N = 9) p-Value

pH 7.8 ± 0.2 7.95 ± 0.4 0.85
Total nucleated cell count 12 ± 5 22 ± 10.4 0.07
Total bilirubin (mg/dL) 37.5 ± 63.5 27.7 ± 80.7 0.85

Cholesterol (mg/dL) 28.1 ± 50.7 34.2 ± 62.1 0.32
Bile acid (mmol/L) 147.1 ± 64.2 254.5 ± 82.0 <0.01

Phospholipid (mg/dL) 324 ± 272 454 ± 350 0.25
Ca2+ (mg/dL) 7.7 ± 4.4 5.5 ± 2.2 0.65

CBD, common bile duct.

4. Discussion

In the present study, 16S rRNA gene profiling analysis using NGS allowed us to
observe the difference in bile microbiota composition between the CBD stone recurrence
group and the non-recurrence group. Although the sample size (N = 20) might not be large
enough to generalize the results, the two groups significantly differed in terms of richness
and evenness in this preliminary study. The number of species was decreased and the
dominance of certain species was present in the bile samples of the recurrence group. On
the other hand, all types of species were equally abundant, with no specific species being
predominant in the bile samples of the non-recurrence group. In addition, the difference in
species composition and clustering between the two groups were also shown.

Recent progress in understanding the symbiosis of human microbiota revealed an
important role in immune homeostasis [14,15]. A balance of these commensal microbial
species is probably required to prevent infection with pathogens and pathological inflam-
mation. However, this dynamic equilibrium can be altered at any time by environmental
factors and external interferences. These microbial alterations and imbalances with de-
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creased richness and diversity in the pathologic condition group is a phenomenon called
dysbiosis [16]. There is increasing evidence that the dysbiosis of a microbiome is linked
to many gastrointestinal and systemic diseases. An experimental study reported that
chemical- and pathogen-induced intestinal inflammation resulted in the loss of micro-
bial density and diversity and led to the proliferation of Gram-negative bacteria which
possess β-glucuronidase activity in the intestine [17]. A balance of the microbial species
in bile is probably also required to prevent infection with pathogens and pathological
inflammation related to the formation of gallstones [10]. Thus, it could be speculated that
bacterial dysbiosis with the loss of microbial richness and diversity in bile could lead to
inflammation of the bile duct, in favor of biofilm formation with resultant proliferation of
bacteria with β-glucuronidase activity. In fact, a notable dysbiosis of the bile microbiome,
including decreased richness and diversity in the bile of the recurrence group, was found
in the current study. Furthermore, the finding that E. coli, Enterococcus spp., Klebsiella spp.,
Pseudomonas spp., Acinetobacter spp., Streptococcus spp., and Staphylococcus, which exert
β-glucuronidase activity, were more frequent in the recurrence group additionally supports
the validity of the speculation of this study.

Whereas the abovementioned bacteria were more frequently found in the recurrence
group, bacteria in the genera Neisseria, Gemella, and Capnocytophaga were expressed more
frequently in the non-recurrence group. All of these three bacteria are part of the normal
oral flora associated with periodontitis and dental plaque [18]. There is very little informa-
tion about the possible clinical significance on the protective role of these bacteria in the
formation of biliary stones. Further studies using molecular techniques will be needed and
may provide new insights into the pathophysiology of bile duct stone formation and the
involvement of microbes or their metabolites in this process.

In addition to differences in the microbiome, the bile component analysis also showed
that the two groups had different metabolic profiles with respect to bile acid. Bile acids act as
detergents and have an important role in solubilizing dietary lipids and fat-soluble vitamins
to facilitate their absorption in the small intestine [19]. Previous studies have shown that
decreased concentration of bile salts in the bile diminishes the micellar solubilization of
bilirubin, as well as cholesterol, favoring the formation of brown pigment stones [20,21].
In addition to their role in the digestion of lipids, bile acids generally inhibit bacterial
growth in the small intestine as a major regulator of the gut microbiota, and prevent
retrograde bacterial infections in the CBD [22]. Bile acids themselves can also modulate
the composition of the microbiota in the bile duct, directly or indirectly, through the
activation of the innate immune system [23,24]. Inflammation in the bile duct could induce
oxidative stress in harmful microbiomes, which is related to the formation of gallstones
through specific enzymatic activities or the production of biofilm [25,26]. Conversely, other
studies have shown that gut microbiota has profound effects on bile acid metabolism and
secondary bile acid production [27,28]. The alteration of gut microbiome could change the
composition of the bile acid pool with the regulation of secondary bile acid metabolism
and inhibition of bile acid synthesis by alleviating FXR inhibition in the ileum [28,29]. Since
it seems to be a chicken-and-egg question, to further explore the bile acid functionality,
study on the bile acid-bacteria-host interplay at the pathway level would be necessary.

The strength of this study is that microbiological identification of unculturable or
difficult to culture bacteria was enhanced using recent advancements in NGS. However,
there have been few extensive NGS-based research studies on bile samples. While a recent
study focused on the relationships among gut microbiota, bile acids, and cytokines in
blood and stool samples of patients with cholangiocarcinoma [30], our study revealed the
complexity and specificity of the biliary microecology and metabolites in bile samples of
patients with recurrent CBD stones. Therefore, in addition to gaining a better understanding
of the disease processes of pathogens, the knowledge gained from this bile research may
ultimately lead to the design of new antimicrobial treatments or assist in the development
of improved probiotic strains and supplementation of bile acid composition in the future.
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Although the abovementioned investigations attempted to provide a comprehensive
insight into the potential contribution of the microbiome and metabolic component in bile
related to CBD stone recurrence, several limitations need to be addressed. First, aspirated
bile samples contain floating bacterial species but cannot detect sessile bacterial popula-
tions adhering to the mucosa or those residing in the biofilm. However, since a study
demonstrated that bacteria in the bile fluid almost always coincided with the presence
of bacteria on the bile duct wall [31], bacteria species floating in bile may sufficiently
reflect the total microbial environment of biliary tract. Nevertheless, additional bile duct
tissue biopsies can be expected to reveal more accurate microbial communities in the CBD.
Second, despite the fact that this study elucidated aspects of the richness and diversity
of the biliary microbiota related to recurrent CBD stones by 16S sequencing, a more com-
prehensive understanding of biliary bacterial function and the microbe–host interaction
would require further investigation by methods such as whole-metagenome shotgun se-
quencing, metatranscriptomic, metametabolomic, and metaproteomic technologies. Third,
even though a specific profile of bile salts and their concentrations appear to be key factors
in lithogenic potency, exploration on the composition of individual bile salts in the bile was
not performed in this study.

In conclusion, polymicrobial infections were seen in all study subjects who underwent
ampullary manipulations during ERCP. The patients with recurrent CBD stones showed
microbial dysbiosis with a significant reduction in microbial richness and diversity in the
bile. The bile composition was also dissimilar between the two groups. A significant
difference in the concentration of bile acid was also found between the recurrence group
and non-recurrence group. Although the results of this study are preliminary in nature
and require confirmation, microbiota dysbiosis and altered bacterial community assembly
in bile duct, and decreased bile acid, were associated with recurrence of bile duct stones.

Author Contributions: Each author has been involved in and contributed to this manuscript. Con-
ceptualization, J.W.C. and H.S.L.; Data curation, J.W.C. and J.J.H.; Formal analysis, J.W.C.; Writing—
original draft, J.W.C.; Writing—review & editing, J.M.L., J.J.H. and H.S.L. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki, and approved by the Institutional Review Board of Korea University Ansan
Hospital (IRB number: 2018AS0208, 8 August 2018).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This study was supported by the National Research Foundation of Korea (NRF)
grant funded by the Korean government (MSIT) (No. 2019R1C1C1003661).

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Lai, K.H.; Peng, N.J.; Lo, G.H.; Cheng, J.S.; Huang, R.L.; Lin, C.K.; Huang, J.S.; Chiang, H.T.; Ger, L.P. Prediction of recurrent

choledocholithiasis by quantitative cholescintigraphy in patients after endoscopic sphincterotomy. Gut 1997, 41, 399–403.
[CrossRef]

2. Ikeda, S.; Tanaka, M.; Matsumoto, S.; Yoshimoto, H.; Itoh, H. Endoscopic sphincterotomy: Long-term results in 408 patients with
complete follow-up. Endoscopy 1988, 20, 13–17. [CrossRef] [PubMed]

3. Cheon, Y.K.; Lehman, G.A. Identification of risk factors for stone recurrence after endoscopic treatment of bile duct stones. Eur. J.
Gastroenterol. Hepatol. 2006, 18, 461–464. [CrossRef] [PubMed]

4. Swidsinski, A.; Lee, S.P. The role of bacteria in gallstone pathogenesis. Front. Biosci. 2001, 6, E93–E103. [CrossRef] [PubMed]
5. Stewart, L.; Grifiss, J.M.; Jarvis, G.A.; Way, L.W. Biliary bacterial factors determine the path of gallstone formation. Am. J. Surg.

2006, 192, 598–603. [CrossRef]
6. Maki, T. Pathogenesis of calcium bilirubinate gallstone: Role of E. coli, beta-glucuronidase and coagulation by inorganic ions,

polyelectrolytes and agitation. Ann. Surg. 1966, 164, 90–100. [CrossRef]

http://doi.org/10.1136/gut.41.3.399
http://doi.org/10.1055/s-2007-1018117
http://www.ncbi.nlm.nih.gov/pubmed/3342766
http://doi.org/10.1097/00042737-200605000-00001
http://www.ncbi.nlm.nih.gov/pubmed/16607138
http://doi.org/10.2741/Swidsinski
http://www.ncbi.nlm.nih.gov/pubmed/11578976
http://doi.org/10.1016/j.amjsurg.2006.08.001
http://doi.org/10.1097/00000658-196607000-00010


J. Clin. Med. 2021, 10, 3303 10 of 10

7. Kaufman, H.S.; Magnuson, T.H.; Lillemoe, K.D.; Frasca, P.; Pitt, H.A. The role of bacteria in gallbladder and common duct stone
formation. Ann. Surg. 1989, 209, 584–591. [CrossRef]

8. Theron, J.; Cloete, T.E. Molecular techniques for determining microbial diversity and community structure in natural environ-
ments. Crit. Rev. Microbiol. 2000, 26, 37–57. [CrossRef]

9. Amann, R.I.; Ludwig, W.; Schleifer, K.H. Phylogenetic Identification and in-Situ Detection of Individual Microbial-Cells without
Cultivation. Microbiol. Rev. 1995, 59, 143–169. [CrossRef]

10. Wu, T.; Zhang, Z.; Liu, B.; Hou, D.; Liang, Y.; Zhang, J.; Shi, P. Gut microbiota dysbiosis and bacterial community assembly
associated with cholesterol gallstones in large-scale study. BMC Genom. 2013, 14, 669. [CrossRef]

11. Lagier, J.C.; Armougom, F.; Million, M.; Hugon, P.; Pagnier, I.; Robert, C.; Bittar, F.; Fournous, G.; Gimenez, G.; Maraninchi,
M.J.C.M.; et al. Microbial culturomics: Paradigm shift in the human gut microbiome study. Clin. Microbiol. Infect. 2012,
18, 1185–1193. [CrossRef]

12. Keizman, D.; Shalom, M.I.; Konikoff, F.M. An angulated common bile duct predisposes to recurrent symptomatic bile duct stones
after endoscopic stone extraction. Surg. Endosc. 2006, 20, 1594–1599. [CrossRef]

13. Trotman, B.W.; Soloway, R.D. Pigment gallstone disease: Summary of the National Institutes of Health–international workshop.
Hepatology 1982, 2, 879–884. [CrossRef]

14. Rooks, M.G.; Garrett, W.S. Gut microbiota, metabolites and host immunity. Nat. Rev. Immunol. 2016, 16, 341–352. [CrossRef]
[PubMed]

15. Marchesi, J.R.; Adams, D.H.; Fava, F.; Hermes, G.D.; Hirschfield, G.M.; Hold, G.; Quraishi, M.N.; Kinross, J.; Smidt, H.; Tuohy,
K.M.; et al. The gut microbiota and host health: A new clinical frontier. Gut 2016, 65, 330–339. [CrossRef] [PubMed]

16. Carding, S.; Verbeke, K.; Vipond, D.T.; Corfe, B.M.; Owen, L.J. Dysbiosis of the gut microbiota in disease. Microb. Ecol. Health Dis.
2015, 26, 26191. [CrossRef] [PubMed]

17. Lupp, C.; Robertson, M.L.; Wickham, M.E.; Sekirov, I.; Champion, O.L.; Gaynor, E.C.; Finlay, B.B. Host-mediated inflammation
disrupts the intestinal microbiota and promotes the overgrowth of Enterobacteriaceae. Cell Host Microbe 2007, 2, 204. [CrossRef]

18. Lion, C.; Escande, F.; Burdin, J.C. Capnocytophaga canimorsus infections in human: Review of the literature and cases report.
Eur. J. Epidemiol. 1996, 12, 521–533. [CrossRef]

19. Hofmann, A.F. The continuing importance of bile acids in liver and intestinal disease. Arch. Intern. Med. 1999, 159, 2647–2658.
[CrossRef]

20. Akiyoshi, T.; Nakayama, F. Bile acid composition in brown pigment stones. Dig Dis Sci. 1990, 35, 27–32. [CrossRef]
21. Onochi, S.; Masu, A.; Takahashi, W.; Suzuki, N. Study on bile acid and lipid of gallbladder bile and gallstone in cases with calcium

bilirubinate stones. Nihon Shokakibyo Gakkai Zasshi Jpn. J. Gastro-Enterol. 1984, 81, 2552–2560.
22. Lorenzo-Zuniga, V.; Bartoli, R.; Planas, R.; Hofmann, A.F.; Vinado, B.; Hagey, L.R.; Hernandez, J.M.; Mane, J.; Alvarez, M.A.;

Ausina, V.; et al. Oral bile acids reduce bacterial overgrowth, bacterial translocation, and endotoxemia in cirrhotic rats. Hepatology
2003, 37, 551–557. [CrossRef]

23. Wahlstrom, A.; Sayin, S.I.; Marschall, H.U.; Backhed, F. Intestinal Crosstalk between Bile Acids and Microbiota and Its Impact on
Host Metabolism. Cell Metab. 2016, 24, 41–50. [CrossRef] [PubMed]

24. Ridlon, J.M.; Kang, D.J.; Hylemon, P.B.; Bajaj, J.S. Bile acids and the gut microbiome. Curr. Opin. Gastroenterol. 2014, 30, 332–338.
[CrossRef] [PubMed]

25. Hoogerwerf, W.A.; Soloway, R.D. Gallstones. Curr. Opin. Gastroenterol. 1999, 15, 442–447. [CrossRef]
26. Vitetta, L.; Best, S.P.; Sali, A. Single and multiple cholesterol gallstones and the influence of bacteria. Med. Hypotheses 2000,

55, 502–506. [CrossRef] [PubMed]
27. Ramírez-Pérez, O.; Cruz-Ramón, V.; Chinchilla-López, P.; Méndez-Sánchez, N. The Role of the Gut Microbiota in Bile Acid

Metabolism. Ann. Hepatol. 2017, 16, s15–s20. [CrossRef]
28. Sayin, S.I.; Wahlstrom, A.; Felin, J.; Jantti, S.; Marschall, H.U.; Bamberg, K.; Angelin, B.; Hyotylainen, T.; Oresic, M.; Backhed, F.

Gut microbiota regulates bile acid metabolism by reducing the levels of tauro-beta-muricholic acid, a naturally occurring FXR
antagonist. Cell Metab. 2013, 17, 225–235. [CrossRef]

29. Islam, K.S.; Fukiya, S.; Hagio, M.; Fujii, N.; Ishizuka, S.; Ooka, T.; Ogura, Y.; Hayashi, T.; Yokota, A.J.G. Bile acid is a host factor
that regulates the composition of the cecal microbiota in rats. Gastroenterology 2011, 141, 1773–1781. [CrossRef]

30. Jia, X.; Lu, S.; Zeng, Z.; Liu, Q.; Dong, Z.; Chen, Y.; Zhu, Z.; Hong, Z.; Zhang, T.; Du, G.; et al. Characterization of Gut Microbiota,
Bile Acid Metabolism, and Cytokines in Intrahepatic Cholangiocarcinoma. Hepatology 2020, 71, 893–906. [CrossRef]

31. Hancke, E.; Nusche, A.; Marklein, G. Bacteria in the gallbladder wall and gallstones–indications for cholecystectomy. Langenbecks
Arch. Chir. 1986, 368, 249–254. [CrossRef] [PubMed]

http://doi.org/10.1097/00000658-198905000-00011
http://doi.org/10.1080/10408410091154174
http://doi.org/10.1128/mr.59.1.143-169.1995
http://doi.org/10.1186/1471-2164-14-669
http://doi.org/10.1111/1469-0691.12023
http://doi.org/10.1007/s00464-005-0656-x
http://doi.org/10.1002/hep.1840020624
http://doi.org/10.1038/nri.2016.42
http://www.ncbi.nlm.nih.gov/pubmed/27231050
http://doi.org/10.1136/gutjnl-2015-309990
http://www.ncbi.nlm.nih.gov/pubmed/26338727
http://doi.org/10.3402/mehd.v26.26191
http://www.ncbi.nlm.nih.gov/pubmed/25651997
http://doi.org/10.1016/j.chom.2007.08.002
http://doi.org/10.1007/BF00144007
http://doi.org/10.1001/archinte.159.22.2647
http://doi.org/10.1007/BF01537218
http://doi.org/10.1053/jhep.2003.50116
http://doi.org/10.1016/j.cmet.2016.05.005
http://www.ncbi.nlm.nih.gov/pubmed/27320064
http://doi.org/10.1097/MOG.0000000000000057
http://www.ncbi.nlm.nih.gov/pubmed/24625896
http://doi.org/10.1097/00001574-199909000-00012
http://doi.org/10.1054/mehy.2000.1101
http://www.ncbi.nlm.nih.gov/pubmed/11090298
http://doi.org/10.5604/01.3001.0010.5672
http://doi.org/10.1016/j.cmet.2013.01.003
http://doi.org/10.1053/j.gastro.2011.07.046
http://doi.org/10.1002/hep.30852
http://doi.org/10.1007/BF01263214
http://www.ncbi.nlm.nih.gov/pubmed/3821340

	Introduction 
	Materials and Methods 
	Patients and Bile Sample Collection 
	Next-Generation Sequencing of Bacterial 16s rRNA Fragments in Bile Samples 
	Composition of Bile 
	Statistical Analysis 

	Results 
	Baseline Characteristics 
	Richness of Microbiota in Bile 
	Diversities of Microbiota in Bile 
	Microbial Community Similarity 
	Microbiome 
	Bile Composition 

	Discussion 
	References

