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Sphincter of Oddi laxity alters bile duct microbiota and contributes 
to the recurrence of choledocholithiasis
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Background: Choledocholithiasis is closely associated with bacterial infection and inflammation in the 
bile duct. Our previous studies showed that sphincter of Oddi laxity (SOL) significantly altered the bile 
microbiota and might contribute to the recurrence of biliary stones. However, the direct association among 
SOL, the bile microbiota, and choledocholithiasis recurrence is unclear.
Methods: We prospectively recruited 202 patients with choledocholithiasis, and obtained bile samples from 
the common bile duct. We performed 16S ribosomal RNA gene analysis to characterize the bile microbiota 
and analyzed the risk factors for choledocholithiasis.
Results: Distinct bile microbial communities were identified in patients with and without SOL, with a 
significantly larger abundance of Rhizobiaceae in patients with SOL. Patients with SOL had a higher risk 
of biliary stone recurrence, with a considerably shorter recurrence time. The abundance of Clostridium 
was significantly higher in patients with stone recurrence. SOL [P=0.024, hazard ratio (HR) =10.800, 95% 
confidence interval (CI): 1.377–84.701] was an independent risk factor of choledocholithiasis recurrence.
Conclusions: Choledocholithiasis patients with and without SOL demonstrated significant differences 
in their microbial communities. SOL is a critical risk factor for the recurrence of choledocholithiasis after 
surgery. The presence of Clostridium may be potentially associated with the recurrence of SOL-induced 
choledocholithiasis.
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Introduction

Choledocholithiasis is an intractable disease with an 
endemic distribution in East Asia and might lead to 
cholangiocarcinoma (1). In Asian countries, such as China, 
Japan, and South Korea, the incidence of choledocholithiasis 
is considerably higher than that of Western countries. Many 
risk factors, including bile duct anatomy, diet, and sanitary 
conditions, are believed to contribute to the occurrence 
of choledocholithiasis (2). Inflammation, infection, and 
bile duct stones are believed to be closely associated (3); 
however, few studies have presented direct evidence.

The sphincter of Oddi is the gate keeper of the common 
bile duct that controls bile duct release and avoids intestinal 
fluid reflux (4). The reflux of intestinal contents that are 
unsterile and corrosive, was hypothesized to be critical in 
the formation of bile duct stones by altering the microbial 
community and the inflammatory microenvironment of 
bile ducts (5). Previously, we reported that sphincter of 
Oddi laxity (SOL) occurred frequently in the Chinese 
population and might contribute to the high incidence 
of choledocholithiasis (6). The microbiota in the gut is 
closely related to many diseases, such as inflammatory 
bowel disease, autism, and arthritis (7). Using a combined 
analysis of microbiomes and metabolomics, we found 
that patients with SOL showed significantly different 
microbiomes and metabolomes compared to those 
with normal sphincter of Oddi function and proposed a 
mechanism for choledocholithiasis (8). However, whether 
SOL leads to bile duct stone recurrence and the role of 
the altered bile duct microbiome in disease recurrence 
warrant further investigation. In addition, although a 
special surgical algorithm (including fibrocholedochoscopic 
extraction of stones via T tube tract, endoscopic extraction 
of stones, choledocholithotomy and T tube drainage, 
choledochojejunostomy, percutaneous transhepatic 
cholangioscopy, etc.) to treat patients with recurrent 
choledocholithiasis and SOL has been proposed (9), no 
evidence obtained to date provides strong support for this 
approach. Understanding the true roles of SOL in altering 
the bile duct microbiota and bile duct stone recurrence is 
important to guide the treatment of patients with SOL and 
choledocholithiasis.

In the present study, we used a prospectively established 
cohort of patients with choledocholithiasis to evaluate the 
role of SOL in bile duct stone recurrence and explored the 
potential role of the bile duct microbiota in the recurrence 
of choledocholithiasis. We present the following article in 

accordance with the STORE reporting checklist (available 
at http://dx.doi.org/10.21037/atm-20-3295).

Methods

Patients and sample collection

The protocol of the current study was approved by the 
ethics committee of our hospital. The work has been 
reported in line with the STROCSS criteria and in 
accordance with the STORE reporting checklist (10). 
All patients with choledocholithiasis were prospectively 
recruited in our department between February 2014 
and July 2018. Meanwhile, some of these patients 
were also recruited into a randomized controlled trial 
(NCT01459549) in accordance with the declaration of 
Helsinki (as revised in 2013). Informed consents to collect 
bile samples were obtained from all patients before surgery. 
In the past, SOL was diagnosed by experienced surgeons as 
previously described (8). In brief, SOL was intraoperatively 
diagnosed if the choledochoscope (Olympus CHF P20, 
with an external diameter of 4.9 mm) could reach the 
duodenum smoothly through the sphincter of Oddi without 
any dilation procedures. To provide objective parameters in 
the current study, we diagnosed SOL patients by a physician 
if the smallest diameter of the opening of the sphincter 
of Oddi was no less than 5 mm tested from each video 
filmed by a choledochoscope (Videos 1,2). Bile samples were 
collected from the common bile duct using a 5-mL sterile 
syringe before any invasive manipulation was performed on 
the bile duct. The samples were frozen in liquid nitrogen 
immediately and moved to −80 ℃ for storage until analysis.

Follow-up

All patients were followed up by nurses and physicians in 
our department. Residual bile duct stones were diagnosed 
based on the results of imaging at the first follow-up 1 
month after surgery. Recurrence of choledocholithiasis 
was confirmed only in patients without residual bile duct 
stones at the first follow-up and who were found to have 
bile duct stones by imaging at a subsequent follow-up at 
least 3 months after surgery. Methods for detection of bile 
stone included T-tube radiography, B-mode ultrasound, 
computed tomography scan or magnetic resonance 
cholangiopancreatography. The diagnosis of residual bile 
duct stone or recurrence was made by two senior attending 
surgeons independently and was judged by a third surgeon 
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in the case of disagreement.

DNA extraction and 16S ribosomal RNA (rRNA) gene 
analysis

D N A  e x t r a c t i o n  f r o m  b i l e  s a m p l e s  a n d  M i S e q 
pyrosequencing of 16S rRNA gene amplicons were 
conducted as previously described (8) by ProMeGene 
(Shenzhen, China). In brief, extracted DNA was subjected 
to quality control and quantification using a Nanodrop 
Microvolume Spectrophotometer (Thermo Fisher 
Scientific, Waltham, MA, USA). The 16S rRNA genes were 
amplified using primers with 8- to 12-bp barcodes, and 
polymerase chain reaction was performed. The qualified 
products were used for sequencing library generation 
using a TruSeq DNA Kit (Illumina, San Diego, CA, USA). 
Pyrosequencing was performed according to the protocol of 
the Illumina MiSeq system.

Data analysis and statistics

Sequencing data was analyzed as previously described (8). 
All data were presented as means and standard deviation. 
Student’s t-test or the Mann-Whitney U test were used for 
comparison, as appropriate. Recurrence-free survival was 
calculated using the Kaplan-Meier method and compared 
using the log rank test. P<0.05 was considered to be 
statistically significant.

Results

Demographic and clinical characteristics of patients

Overall, 202 patients were included in our study, of whom 
113 were diagnosed with SOL, and 89 patients were 
diagnosed as non-SOL (Table 1; Figure 1A; Videos 1,2). 
No significant differences in demographic parameters 
were noted between patients with and without SOL. 
However, patients with SOL were more likely to have 
stones in both intra- and extra-hepatic locations, and had 
more positive bile bacterial cultures (P=0.004), although 
the proportions of patients with fever were comparable 
between the SOL and non-SOL groups (P=0.709). More 
patients in SOL group had received endoscopic retrograde 
cholangiopancreatography (ERCP; P=0.014). However, in 
the sub-cohort, there was no significant difference in the 
number of patients who had received ERCP between the 
two groups (P=0.116). The dilation of the common bile 

duct in SOL group is more obvious than non-SOL group 
(P=0.011). A similar difference was found in the sub-cohort 
(P=0.003). Intriguingly, patients with SOL had a higher 
incidence of previous cholecystectomy. Generally, similar 
results were observed in the sub-cohort of patients with bile 
microbiota analysis.

Differences of bile microbiota in patients with and without 
SOL

Bacterial culture of bile samples was conducted in 148 
(73.27%) patients in the study. Although the species of 
the cultured bacteria were similar between the two groups 
(Figure 1B), patients with SOL were more likely to have 
positive bacterial cultures than non-SOL patients (85.37% 
vs. 65.15%, P=0.004). In particular, 23 out of 70 patients 
with SOL and 12 out of 43 patients with non-SOL suffered 
from complicated infections (i.e., with more than two types 
of bacteria successfully cultured). 

A total of 88 available bile samples (23 in the SOL 
group, 65 in the non-SOL group) with enough quantity 
were subjected to DNA extraction; library generation failed 
in 1 and 17 samples in the SOL and non-SOL groups 
(P=0.026), respectively, because of an inadequate abundance 
of bacterial DNA. As expected, the absolute abundance of 
the bile duct microbiota was significantly higher in patients 
with SOL patients (P<0.001). By searching the Greengenes 
database, we analyzed the operational taxonomic units 
(OTUs) at the phylum, class, order, and family levels. In 
the majority of samples, Firmicutes and Proteobacteria were 
predominant among the OTUs (Figure 2A,B), which were 
generally consistent with the result of bacterial cultures. 
In four cases (3/22 in the SOL group and 1/48 in the non-
SOL group), Synergistetes accounted for a considerable 
proportion (>1/3) of the microbiota, which was very rare 
or even undetected in other cases. In fact, Synergistetes was 
the only phylum with a significantly different abundance 
between the two groups (P=0.012, Figure 2B). At the 
family level, Enterobacteriaceae and Enterococcus were the 
two most widespread families in the bile samples (Figure 
2C,D). Pseudomonas, Streptococcus, Enterococcaceae, and 
Pyamidobacter also occupied a large part of the microbiota in 
some samples. Differences in abundance were observed for 
Enterococcaceae, Pyamidobacter, Clostridium, Morganella, and 
Shewanella, all of which had an average abundance of less 
than 2% (Figure 2D).

We then used alpha-diversity indexes and beta-diversity 
indexes to compare the bile microbial communities between 
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Table 1 Demographic and clinical characteristics of patients

Parameters
Whole cohort Sub-cohort*

SOL (n=113) Non-SOL (n=89) P value SOL (n=22) Non-SOL (n=47) P value

Age, mean ± SD, years 59±10 57±12 0.143 59±9 56±12 0.350

Sex, male, n (%) 42 (37.2) 28 (31.5) 0.397 7 (31.8) 14 (29.8) 0.864

BMI, mean ± SD, kg/m2 22.2±2.8 22.5±3.2 0.472 22.8±2.8 22.2±3.2 0.489

Recurrent case, n (%) 74 (65.5) 31 (34.8) <0.001 16 (72.7) 17 (36.2) 0.005

Cholecystectomy, n (%) 81 (71.7) 36 (40.4) <0.001 21 (95.5) 20 (42.6) <0.001

Previous sphincterotomy by ERCP, n (%) 15 (13.3) 3 (3.4) 0.014 5 (22.7) 3 (6.4) 0.116

Diameter of common bile duct, mean ± SD, mm 1.8±0.7 1.5±0.8 0.011 2.3±1.0 1.6±0.8 0.003

WBC, mean ± SD, 109/L 6.5±2.9 6.4±3.6 0.935 7.8±3.7 6.5±4.2 0.234

Neutrophil, mean ± SD, % 64.9±12.7 62.2±12.9 0.139 67.2±16.0 61.9±13.3 0.154

CRP, mean ± SD, mg/L 29.8±48.4 25.8±55.6 0.615 50.2±61.8 31.6±68.8 0.320

ALT, mean ± SD, U/L 64.1±86.6 86.8±168.9 0.218 76.0±103 97.8±185.2 0.608

AST, mean ± SD, U/L 60.8±134.1 72.0±125.0 0.546 72.0±123.1 94.0±163.3 0.577

Total bilirubin, mean ± SD, μmol/L 27.3±32.9 30.2±48.3 0.619 39.0±41.1 28.4±51.9 0.399

Direct bilirubin, mmol/L 11.6±19.7 12.9±29.2 0.709 16.8±25.9 13.0±32.0 0.634

Indirect bilirubin, mmol/L 14.1±10.2 14.1±14.9 0.980 18.3±11.2 13.9±18.7 0.313

γ-GT, mean ± SD, U/L 250.3±246.6 181.5±235.2 0.054 342.9±318.6 209.4±262.2 0.089

Albumin, mean ± SD, g/L 37.8±5.1 38.9±4.9 0.131 36.9±5.0 38.8±4.8 0.133

Calculus location, n (%) <0.001 0.009

Intrahepatic 30 (26.5) 35 (39.3) 6 (27.3) 17 (36.2)

Extrahepatic 6 (5.3) 23 (25.8) 0 (0.0) 9 (19.1)

Both 77 (68.1) 31 (34.8) 16 (72.7) 21 (44.7)

Bacterial culture of bile, n (%) 0.015 0.727

Positive 70 (61.9) 43 (48.3) 15 (68.2) 28 (59.6)

Negative 12 (10.6) 23 (25.8) 2 (9.1) 7 (14.9)

Unknown 31 (27.4) 23 (25.8) 5 (22.7) 12 (25.5)

Smoke, n (%) 27 (23.9) 20 (22.5) 0.812 4 (18.2) 11 (23.4) 0.860

Alcohol, n (%) 25 (22.1) 17 (19.1) 0.599 5 (22.7) 7 (14.9) 0.424

Fever, n (%) 16 (14.2) 11 (12.4) 0.709 5 (22.7) 6 (12.8) 0.484

Hepatectomy, n (%) 93 (82.3) 64 (71.9) 0.078 19 (86.4) 36 (76.7) 0.536

Choledochojejunostomy, n (%) 39 (34.5) 9 (10.1) <0.001 7 (31.8) 4 (8.5) 0.035

*, sub-cohort contained patients with bile microbiota analyzed by 16S rRNA gene sequencing. ALT, alanine transaminase; AST, aspartate 
transaminase; CRP, C-reactive protein; ERCP, endoscopic retrograde cholangiopancreatography; γ-GT, gamma-glutamyl transferase; SD, 
standard deviation; SOL, sphincter of Oddi laxity.
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Figure 1 Bacterial infection of the bile ducts of patients with different laxities of the sphincter of Oddi. (A) Representative appearance of the 
sphincter of Oddi laxity observed intra-operatively; (B) bacteria identified by bile culture. SOL, sphincter of Oddi laxity.

the two groups. For alpha diversity assessment, although 
the evenness index and Shannon index did not show 
significant differences in the two groups, the observed 
OTUs and Faith’s phylogenetic diversity (PD) index 
suggested a trend of higher variation of microorganisms in 
the SOL samples (P=0.053 and 0.054, respectively; Figure 
3A). For beta-diversity evaluation, both unweighted and 
weighted unifracs, together with the Bray-Curtis index, 
showed statistically significant differences between the two 
groups (P<0.001), indicating that the SOL samples had a 
higher between-habitat diversity (Figure 3B). These results 
suggested distinct bile microbial communities between 
patients with SOL and the non-SOL patients.

In addition, we used linear discriminant analysis effect 

size (LEfSe) analysis to identify potential biomarkers 
between the two groups using the relative abundance of 
microorganisms. Significant differences in the detection 
of Rhizobiaceae in patients with or without SOL (Figure 
3C) indicated that this family was a possible biomarker of 
microbiota alteration caused by SOL.

 

SOL was associated with bile duct stone recurrence

We hypothesized that the SOL-related specific microbiota 
in bile duct induced the recurrence of choledocholithiasis. 
The median follow-up time was 21.9 (range, 0.1 to 55.2) 
and 14.9 (range, 1.0 to 55.6) months in the SOL and 
non-SOL groups, respectively. Fourteen patients in the 
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Figure 2 Comparison of bile microbiota in patients with different sphincter of Oddi status. (A,B) At the phylum level; (C,D) at the family 
level. P values are shown.

Figure 3 Diversity of bile microbiota in patients with or without sphincter of Oddi laxity (SOL). (A) α-diversity was evaluated using 
evenness, Shannon index, observed operational taxonomic units (OTUs), and Faith’s phylogenetic diversity (PD) index; (B) β-diversity was 
assessed using unweighted unifracs, weighted unifracs, and the Bray-Curtis index. P values for differences between SOL and non-SOL 
groups are shown; (C) linear discriminant analysis effect size (LEfSe) analysis showed that Rhizobiaceae levels were significantly different in 
patients with and without SOL.
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SOL group and one patient in the non-SOL group were 
diagnosed as having recurrence after exclusion of residual 
bile duct stones, the rates of which were not significantly 
different between the two groups (15.93% vs. 20.22%; 
Table 2). The median time of recurrence was 20.3 months, 
ranging from 3.9 to 47.6 months. Compared with the 
non-SOL group, patients with SOL had a significantly 
higher rate of choledocholithiasis recurrence (16.67% vs. 
1.82%, P=0.006). In addition, the recurrence plot showed 
a significantly shorter recurrence-free time in patients with 
SOL [P=0.0118, hazard ratio (HR) =8.631, 95% confidence 
interval (CI): 3.045 to 24.470; Figure 4A]. Diverse patterns 
of recurrence were noted (Figure 4B). The recurrence 
pattern of the only case from the non-SOL group was 
extrahepatic to intrahepatic. Taken together, these results 
suggested that SOL patients had a significantly higher risk 
of choledocholithiasis recurrence.

Species associated with recurrence of choledocholithiasis

We then explored which species in the bile could be 
associated with bile duct stone recurrence. We first 
compared the difference in the microbiota of patients with 
and without bile duct stone recurrence. No significant 
difference was noted between the patients with and without 
recurrence at the phylum and family levels (Figure S1), 
and at the general microbial community level (Figure S2). 
We hypothesized that the baseline characteristics, such as 
SOL, at the time of recruitment could influence the bile 
duct stone recurrence. Therefore, we divided all patients 
into four groups according to their sphincter of Oddi status 
and recurrence. Intriguingly, although no difference was 
found among the four groups at the order level (Figure 
5A,B), at the genus level, we found diversity of the bile duct 
microbiota in the patients with SOL. The abundances of 
Clostridium and Enterococcaceae were significantly increased in 

Figure 4 Recurrence of bile duct stone after surgery. (A) Patients with sphincter of Oddi laxity (SOL) (n=84) had a significantly shorter 
recurrence-free time than patients without SOL (n=55); (B) pie plot showing the distribution of the recurrence pattern of bile duct stones. 
The number of cases with each pattern is shown.

Table 2 The recurrence of cholangiolithiasis in patients after surgery

Disease recurrence SOL (n=113) Non-SOL (n=89) P value

Undetermined*, n (%) 11 (9.7) 16 (18.0) 0.123

Residual, n (%) 18 (15.9) 18 (20.2)

No residual, n (%) 84 (74.3) 55 (61.8)

Recurrence 14 (12.4) 1 (1.1) 0.006

No recurrence 70 (61.9) 54 (60.7)

*, patients lost to follow-up because of refusal to take imaging tests or disconnection. SOL, sphincter of Oddi laxity.
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SOL patients with and without bile duct stone recurrence, 
respectively (Figure 5C,D). Compared with patients with 
SOL and recurrence, patients with SOL patients who were 
free from recurrence had a higher abundance of Enterococcus 
(Figure 5D). Additionally, sphincterotomy by ERCP did not 
adequately change the bile microbiota (Figure S3). These 
results suggested that in patients with SOL patients, certain 
species, such as Clostridium, Enterococcaceae, and Enterococcus 
may be closely associated with bile duct stone recurrence 
after surgery.

Risk factors for recurrent choledocholithiasis

We further analyzed the risk factors that could affect 
choledocholithiasis recurrence in patients that underwent 
surgery for bile duct stones. Univariate analysis revealed 
that sphincter of Oddi status (P=0.006),  previous 
cholecystectomy (P=0.048), ERCP (P=0.303), and bacterial 
culture positivity (P=0.111) were significantly or potentially 

associated with choledocholithiasis recurrence. Multivariate 
analysis further revealed that the sphincter of Oddi status 
(P=0.024, HR =10.800, 95% CI: 1.377–84.701) was an 
independent risk factor for choledocholithiasis recurrence 
after surgery.

Discussion

Choledocholithiasis is prevalent in East Asia probably 
because of the relatively poor hygiene conditions and 
possible race specificity. Notably few investigations of 
SOL have been reported. During the past decade, we have 
focused on the sphincter of Oddi dysfunction and regularly 
evaluate the sphincter of Oddi status during surgery. Our 
previous and current data suggested that approximately 
one half of patients with choledocholithiasis suffered from 
SOL (6). Thus, SOL is an important issue in this disease 
that warrants further research. Normally, the sphincter of 
Oddi opens upon increased pressure at the common bile 

Figure 5 Comparison of the bile microbiota in recurrent patients with different laxity of the sphincter of Oddi. (A,B) At the phylum level; 
(C,D) at the family level. P values are shown.
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duct and can prevent the reflux of duodenal content into 
the duct (5). SOL is a dysfunction of the sphincter of Oddi 
that can facilitate the reflux of intestinal content into the 
common bile duct. Microbiota implantation in the biliary 
ducts not only causes local inflammation but also influences 
bile metabolism to a great extent (11). However, whether 
an association exists among SOL, biliary microbiota, and 
choledocholithiasis is unknown.

The present study is a follow-up study based on our 
previous observations that SOL was associated with an 
increased recurrence of choledocholithiasis and that SOL 
led to a distinct microbiota in bile ducts (6,8). We used 
a prospective cohort of patients, expanded the sample 
size, and perfected the patients’ follow-up to confirm the 
previous results and to demonstrate an association between 
SOL-associated specific microbiota and bile duct stone 
recurrence. Previously, we used a recurrence index, which 
considered the time of recurrence and number of surgeries 
to assess the risk of bile duct stone recurrence (6). In the 
current study, we directly evaluated the recurrence time 
after surgery. Both methods demonstrated that SOL was 
associated with a higher risk of bile duct stone recurrence.

The patients without SOL had less abundant microbiota, 
which was supported by both the low number of positive 
bacterial cultures and the high failure rate of DNA 
amplification from bile samples. The components of 
the bile microbiota were consistent with our previous 
study and other reports (8,12). However, in this study, 
we focused on the diversity of the bile microbiota that 
might be associated with choledocholithiasis recurrence. 
We identified bacterial species in three families/genera 
(i.e., Clostridium, Enterococcaceae, and Enterococcus) that 
could serve as biomarkers for postoperative recurrence of 
choledocholithiasis in patients with SOL compared with 
non-SOL patients. This finding might reflect the fact that 
patients with SOL had both a higher abundance and higher 
diversity of the bile duct microbiota. In non-SOL patients, 
however, because of limited abundance and relatively lower 
diversity, the change in potential species in the bile duct 
microbiota might be nonsignificant and might not lead to 
choledocholithiasis recurrence. Among the three families, 
Clostridium is of particular interest because it is a known 
human pathogen that is increased in patients with recurrent 
SOL. Clostridium naturally exists in human intestines 
and plays a key role in antibiotic-induced enteritis. In 
chickens, inoculation of Clostridium perfringens induced 
cholangiohepatitis (13). Interestingly, the Clostridium genus 
is closely related to human bile salt metabolism because 

of their NADP-dependent 7α- and 7β-hydroxysteroid 
dehydrogenases (14). However, the exact role of this 
bacterial species in bile duct stone recurrence requires 
confirmation, and its potential pathogenic mechanism is 
unclear.

The present study had some limitations. First, not 
all bile samples were collected from the patients, which 
might introduce bias when their microbiome was analyzed. 
Second, more patients underwent choledochojejunostomy in 
the SOL group than in the non-SOL group. This procedure 
obviously eliminates the function of the sphincter of Oddi, 
which is functionally similar to severe SOL, leading to a 
reflux of the intestinal content and a change to the biliary 
microbiota. We believe the specific biliary microbiota in 
the liver caused by the long-term (several years or even 
longer) influence of SOL might be the main reason for bile 
duct stone recurrence. The specific alteration of the hepatic 
microbiota in patients with SOL is hypothesized to reflect 
biliary retrograde infection. The short-term influence of the 
removal of the sphincter of Oddi after surgery could change 
the common bile duct microbiota; however, it may not 
produce a profound alteration in the hepatic microbiota. 
Actually, more than 80% of recurrent calculi were found in 
the liver. Therefore, SOL-related long-term changes to the 
microbiota in the liver may be the cause of the increased 
recurrence rate of choledocholithiasis. Third, previous 
cholecystectomy and sphincterotomy by ERCP existed 
significant difference between patients with and without 
SOL. The loss of the gallbladder causes accumulation of 
bile and increases the pressure of common bile duct. ERCP 
may cause direct damage to the sphincter. Thus, both of 
them may lead to secondary SOL and can amplify the 
influence of SOL on the recurrence of the disease; however, 
these assumptions need further research to confirm. Forth, 
the actual recurrence-free time should be considerably 
shorter than that we have shown in this study, because 
most patients with choledocholithiasis were not followed 
up regularly with imaging examination, as was performed 
for tumor patients. Fourth, different imaging methods 
with different detection sensitivities were used to detect 
bile duct stones. Moreover, because of the complexity of 
the microbiota and the diversity of patients, it was difficult 
to identify the species responsible for bile duct stone 
recurrence. Fortunately, we determined that Clostridium is 
associated with an increased recurrence rate; however, this 
observation requires confirmation because of the relatively 
small number of patients with a significantly greater 
abundance of Clostridium in the current study. Additionally, 
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the exact pathogenic mechanism by which Clostridium 
increased the risk of choledocholithiasis recurrence warrants 
further investigation. Last but not least, some patients 
received antibiotics before surgery, although it is balanced 
in both groups, it inevitably influenced the microbiota in 
the bile duct. 

In conclusion, we confirmed that SOL led to significant 
alterations of the biliary microbiota and was associated 
with choledocholithiasis recurrence. We also found that 
Clostridium might serve as a prognostic biomarker of 
choledocholithiasis recurrence in patients with SOL. 
Therefore, in patients with SOL, close monitoring 
may be clinically valuable for the early detection of 
choledocholithiasis recurrence.
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