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Abstract 

Purpose  The prevalence of biliary tract diseases, which are common gastrointestinal disorders, is steadily rising. If 
it progresses to sepsis or septic shock, it can endanger the patient’s life. Therefore, it is crucial to promptly diagnose 
bacterial infection in individuals suffering from biliary diseases and comprehend the risk factors associated with infec-
tion. The objective of this study was to examine the types of bacteria present in the bile of patients with biliary tract 
diseases, assess any alterations in their susceptibility to antimicrobial agents, and identify the risk factors contributing 
to the development of infection in these patients.

Patients and methods  From June 2019 to November 2022, 317 patients of biliary tract diseases with positive bile 
culture were included in this hospital-based descriptive analysis. The hospital’s computerized medical records were 
used to collect data on demographic information (including gender, age, and occupation), laboratory, and clinical 
findings, physical examination results, comorbidities, basic diseases, treatment history, complications, and in-hospital 
outcomes. The study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
principles.

Results  Of the 317 patients with positive biliary tract diseases, 247 had benign diseases and 70 had malignant 
diseases. Patients with benign disease experienced a higher prevalence of statistically significant symptoms such 
as abdominal pain (81.4% vs. 57.1%, P = 0.000), nausea (31.2% vs. 14.3%, P = 0.005), vomiting (30.0% vs. 12.9%, 
P = 0.004), and chills (10.9% vs. 2.9%, P = 0.039), while jaundice (12.6% vs. 37.1%, P = 0.000) was more common 
in patients with malignant disease. At the species level, Escherichia coli (105; 40.5%), Klebsiella pneumoniae (41; 15.8%), 
and Pseudomonas aeruginosa (30; 11.6%) were the most commonly found Gram-negative bacterial strains in biliary 
tract infection. Escherichia coli, Klebsiella pneumoniae, and Pseudomonas aeruginosa were most susceptible to tigecy-
cline, ertapenem and ceftazidime/avibactam, respectively.

Conclusion  Gram-negative bacteria are the most commonly isolated biliary bacteria. Clinical doctors should pay 
attention to patients with malignant diseases with low hemoglobin, high total bilirubin and high alkaline phos-
phatase. Carbapenems, tigecycline, and minocycline are the recommended antibiotics for Enterobacteriaceae. In 
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recent years, the proportion of enterococcus has gradually increased, and clinical attention should be paid to entero-
coccus infection. Linezolid and vancomycin were recommended for the treatment of Enterococci infections. Overall, 
this work can provide reference for clinical diagnosis, treatment and effective interventions.

Keywords  Biliary tract diseases, Bile culture, Microbiological characteristics, Epidemiological

Introduction
Biliary diseases are common digestive system disorders 
and include cholangiocarcinoma, gallstones, gallblad-
der carcinoma, and gallbladder polyps. Their incidence 
is gradually increasing in the general population [1]. The 
biliary tract is usually sterile, and its colonization and/or 
infection is usually due to changes in bile flow caused by 
anatomical disruption, changes in intestinal structure, or 
the use of endovascular devices [2]. Merging biliary tract 
infection (BTI) is straightforward under the appropriate 
conditions [1]. It is a common cause of intra-abdominal 
infections and life-threatening complications, especially 
in the elderly [3]. Biliary obstruction is the most impor-
tant cause of biliary tract infection and obstruction in the 
duct leads to increased bile duct pressure. The increase 
in pressure allows bacteria to enter the systemic circula-
tion via the hepatic sinus [4]. Hepatocytes synthesize bile, 
which is subsequently stored and concentrated in the 
gallbladder. The primary role of this entity is to enhance 
the assimilation of lipophilic compounds like fat and vita-
mins, eliminate cholesterol, and maintain the balance of 
microorganisms in the intestines through its bactericidal 
properties [5]. Biliary microbiome and duodenal micro-
biome have relatively high similarity [6]. Bile is typically 
devoid of microorganisms, although bacterial growth can 
occur in the bile of certain asymptomatic individuals. 
This can be attributed to contamination either from the 
duodenum via upward movement or from blood-borne 
sources through the portal vein [7]. Local biliary tract 
infection can progress into advanced disease with sep-
sis and multiple organ dysfunction syndrome [8]. Biliary 
tract infection is a common cause of bacteremia and is 
associated with high mortality [9, 10]. Bile samples have 
become easily accessible since the introduction of biliary 
decompression techniques. For these patients, the only 
feasible treatments are early percutaneous transhepatic 
biliary drainage (PTBD) and surgery. Endoscopic ret-
rograde cholangiopancreatography (ERCP) is the most 
effective method for achieving biliary decompression 
when compared to percutaneous and surgical decom-
pression. Many patients have biliary drainage tubes for 
various indications [11, 12].

Studies have shown an increased prevalence of hos-
pital-acquired and community-acquired infections, the 
most common of which is E. coli, possibly due to its 
production of broad-spectrum beta-lactamase (ESBL) 

[13–15]. In addition, microorganisms exhibit regional 
and temporal changes. Treatment options include empir-
ical antibiotic or antifungal therapy and subsequent bil-
iary drainage. However, the process of culturing bile 
requires a significant amount of time. Antibiotic therapy 
in clinical practice cannot be postponed until the find-
ings of culture are obtained. Hence, it is crucial to have 
a comprehensive knowledge of prevalent infections and 
their specific susceptibility patterns in the local area to 
make appropriate and prompt choices for empirical anti-
biotic therapy [16, 17].

There is a lack of research regarding the microbiology 
and antibiotic susceptibility of biliary tract infections in 
our region. However, this type of epidemiological data 
can be utilized to provide guidelines for prescribing 
appropriate antibiotics to patients with biliary tract dis-
eases. It is important to take into account the microbial 
resistance that is specific to the local area while deter-
mining treatment options [4, 8]. Therefore, the purpose 
of this study was to analyze the types of bile microorgan-
isms in patients with biliary tract diseases, the changes of 
antimicrobial susceptibility and the risk factors associ-
ated with it.

Material and methods
Patients and study design
This descriptive analysis included all patients with bil-
iary tract diseases and positive bile cultures at the First 
Affiliated Hospital of Anhui Medical University in Hefei, 
China, between June 2019 and November 2022. The 
patient had any of the following biliary tract infections 
or related conditions: gallstones, cholangitis, cholecys-
titis, common bile duct stones, intrahepatic duct stones, 
cholangiocarcinoma, choledochal cyst, gallbladder can-
cer, gallbladder polyps, or biliary stricture. Samples of 
were taken from 317 individuals who had biliary surgery, 
percutaneous transhepatic biliary drainage, therapeu-
tic endoscopic retrograde cholangiopancreatography, or 
other biliary procedures. The bile samples was inocu-
lated on blood Agar and McConkey Agar medium, and 
the positive strains were analyzed by matrix-assisted 
laser desorption ionization time-of-flight mass spec-
trometry (MALDI-TOF MS; BioMérieux, France). The 
samples were isolated, cultivated, and inoculated strictly 
in compliance with the People’s Republic of China’s 
Basic technical requirements for clinical microbiological 
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investigation (WS/T805-2022), which are standards set 
by the health industry.

A total of 427 pathogens were identified from the bile 
samples of 317 patients throughout the specified time. 
The patients were categorized into two groups: one 
consisting of individuals with benign diseases and the 
other consisting of individuals with malignant diseases. 
Patients with malignant diseases are those diagnosed 
with cholangiocarcinoma, gallbladder cancer, pancreatic 
cancer, liver cancer, stomach cancer, duodenal cancer and 
other cancers that compress the biliary tract. The study 
followed the Strengthening the Reporting of Observa-
tional Studies in Epidemiology (STROBE) principles.

Data collection
Data regarding demographic characteristics (including 
gender, age, and occupation), laboratory, and clinical test 
results, physical examination findings, presence of other 
medical comorbidities, basic diseases, previous history, 
treatment history, complications, and outcomes dur-
ing hospitalization (such as discharge clinical status and 
length of stay) were extracted from the electronic medi-
cal records of the hospital.

Statistical analysis
The statistical analysis was performed using version 25.0 
of Statistical Package for the Social Sciences (SPSS). The 
mean ± standard deviation (SD) of continuous variables, 
assuming a normal distribution, were used for compari-
son using the Student’s t-test. On the other hand, for 
variables without a normal distribution, medians [inter-
quartile range (IQR)] were used and compared using the 
Mann–Whitney U-test. For categorical variables, the 
data were presented as n (%) and compared using Fisher’s 
exact test. With a two-tailed p-value of less than 0.05, the 
results were deemed to be statistically significant.

Results
Epidemiological and clinical characteristics
Between June 2019 and November 2022, data was gath-
ered on 317 patients diagnosed with biliary tract disease 
who had positive bile cultures in the First Affiliated Hos-
pital of Anhui Medical University. Patients were catego-
rized into two groups based on the presence of biliary 
illnesses: benign disease (247 cases) and malignant dis-
ease (70 cases). Out of the 317 bile samples, 247 were 
obtained from patients diagnosed with non-cancerous 
conditions like cholecystitis, gallstones, and gallbladder 
obstruction. The remaining seventy bile samples were 
taken from individuals who had been given a cancer 
diagnosis, including pancreatic cancer, liver cancer, chol-
angiocarcinoma, gastric cancer, duodenal cancer, and 
gallbladder cancer.

The study revealed that the mean age of patients admit-
ted to the hospital was 62.7 years, with a minimum age of 
18  years and a maximum age of 97  years. Furthermore, 
the mean duration of hospitalization was 19  days. The 
studied patients had a majority of women, specifically 
181 female patients were present in total. The most fre-
quently observed clinical symptoms included abdominal 
pain, abdominal distension, fever, nausea, vomiting, jaun-
dice, and chills. Patients with benign disease experienced 
a higher prevalence of statistically significant abdomi-
nal pain (81.4% vs. 57.1%, P = 0.000), nausea (31.2% vs. 
14.3%, P = 0.005), vomiting (30.0% vs. 12.9%, P = 0.004), 
and chills (10.9% vs. 2.9%, P = 0.039). On the other hand, 
patients with malignant disease had a higher preva-
lence of jaundice (12.6% vs. 37.1%, P = 0.000). Patients 
with chills were often accompanied by fever. The pri-
mary complications were diabetes, hypertension, hepatic 
insufficiency, cerebral infarction, and heart disease. 
During patient admission, 156 individuals underwent 
cholecystectomy, 143 and 151 patients had a prior history 
of biliary surgery and biliary disease, respectively. The 
two groups exhibited statistical significance in patients 
with a previous occurrence of biliary disease (52.6% vs. 
30.0%, P = 0.001), a history of biliary surgery (49.8% vs. 
28.6%, P = 0.002), and percutaneous transhepatic chol-
angio drainage (3.2% vs. 22.9%, P = 0.000). A total of 95 
patients presented multiple bacterial infections. A total of 
29 patients were diagnosed with bloodstream infections, 
out of which 8 patients experienced septic shock and 5 
patients had multiple bacterial infections in their blood-
stream. There were 21 patients with the same strain of 
blood infection and bile infection. The bacteria with the 
highest infection rates in the blood were Escherichia coli, 
with 13 strains, Klebsiella pneumoniae, with 6 strains, 
and Pseudomonas aeruginosa, with 3 strains. Only 29 
patients with biliary tract disease had bloodstream infec-
tion, 21 patients with biliary-tract bloodstream infection, 
and 5 patients with multi-bacterial infection in blood. 
There were 8 patients with septic shock due to blood-
stream infection. The epidemiological and clinical char-
acteristics of the 317 patients with biliary tract infections 
are summarized in Table 1.

Microbiological characteristics
As shown in Fig. 1, a total of 427 strains were obtained 
from 317 clinical bile specimens. Out of the total num-
ber of strains, 153 were classified as Gram-positive 
bacteria, accounting for 35.8% of the total. Similarly, 
259 strains were categorized as Gram-negative bac-
teria, making up 60.7% of the total. Lastly, 15 strains 
were identified as fungus, representing 3.5% of the 
total. At the family level, the most common isolated 
pathogens were Enterobacteriaceae (181; 42.4%) and 
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Enterococcusceae (134; 31.4%). At the species level, 
Escherichia coli (105; 40.5%), Klebsiella pneumoniae 
(41; 15.8%), Pseudomonas aeruginosa (30; 11.6%), and 
Enterobacter cloacae (14; 5.4%), were the most com-
monly found Gram-negative bacterial strains. Simi-
larly, Enterococcus faecium (51; 33.3%), Enterococcus 
faecalis (48; 31.4%), Enterococcus casseliflavus (18; 
11.8%), and Enterococcus gallinarum (9; 5.9%). were 
the most frequently found strains of Gram-positive 
bacteria. Out of the 15 fungi identified, the major-
ity (60%) were Candida albicans, while the remaining 
6 were identified as Candida tropicalis (13.3%), Can-
dida krusei (6.7%), Candida parapsilosis (13.3%), and 
Candida metapsilosis (6.7%). In the current study, 

Escherichia coli (26.4%), Enterococcus faecium (12.8%), 
Enterococcus faecalis (11.0%), Klebsiella pneumoniae 
(10.1%) and Pseudomonas aeruginosa (7.7%) were the 
most frequently found bacteria in the bile cultures of 
patients with benign diseases. Escherichia coli (17.8%), 
Enterococcus faecalis (12.2%), Enterococcus faecium 
(8.9%), Klebsiella pneumoniae (7.8%), and Pseu-
domonas aeruginosa (4.4%) were the most common 
bacteria found in the bile of patients with malignant 
diseases. No significant difference occurred between 
the two groups. Among the Enterobacteriaceae iso-
lates, 61 of them were found to have microorgan-
isms that produce extended-spectrum β-lactamase 
(ESBL). Out of all the isolates, there were a total of 20 

Table 1  Epidemiological and clinical characteristics in patients with benign disease and malignant disease

Cholecystectomya, patient underwent cholecystectomy during admission; History of biliary tract surgeryb, 30 days before

Total (N = 317) Benign disease(N = 247) Malignant disease 
(N = 70)

P value

Gender
  Male 136 (42.9) 104 (42.1) 32 (45.7) 0.590

  Female 181 (57.1) 143 (57.9) 38 (54.3) 0.590

  Median age in years 62.7 62.5 63.1

Mean hospitalization time (day) 19 18.4 21.9

Clinical manifestations
  Fever 182 (57.4) 142 (57.5) 40 (57.1) 0.959

  Abdominal pain 241 (76.0) 201 (81.4) 40 (57.1) 0.000

  Abdominal distension 34 (10.7) 23 (9.3) 11 (15.7) 0.126

  Nausea 87 (27.4) 77 (31.2) 10 (14.3) 0.005

  Vomiting 83 (26.2) 74 (30.0) 9 (12.9) 0.004

  Chills 29 (9.1) 27 (10.9) 2 (2.9) 0.039

  Jaundice 57 (18.0) 31 (12.6) 26 (37.1) 0.000

Operation
  Cholecystectomya 156 (49.2) 124 (50.2) 33 (47.1) 0.651

  ERCP 41 (12.9) 31 (12.6) 10 (14.3) 0.703

  PTCD 24 (7.6) 8 (3.2) 16 (22.9) 0.000

  ENBD 16 (5.0) 13 (5.3) 3 (4.3) 0.984

  History of biliary tract diseases 151 (47.6) 130 (52.6) 21 (30.0) 0.001

  History of biliary tract surgeryb 143 (45.1) 123 (49.8) 20 (28.6) 0.002

  Comorbidities
  Diabetes 34 (10.7) 24 (9.7) 10 (14.3) 0.275

  Hypertension 55 (17.4) 42 (17.0) 13 (18.6) 0.760

  Hepatic insufficiency 14 (4.4) 11 (4.5) 3 (4.3) 1.000

  Cerebral infarction 21 (6.6) 16 (6.5) 5 (7.1) 1.000

  Heart disease 13 (4.1) 11 (4.5) 2 (2.9) 0.800

Bacterial infection
  Multi-bacterial infection 95 (30.0) 75 (30.4) 20 (28.6) 0.773

  Bloodstream infections 29 (9.1) 22 (8.9) 7 (10.0) 0.779

  Septic shock 8 (2.5) 8 (3.2) 0 (0.0) 0.207

  Multi-bacterial infection in blood 5 (1.6) 5 (2.0) 0 (0.0) 0.590

  biliary-tract bloodstream infection 21 (6.6) 18 (7.3) 3 (4.3) 0.586
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Gram-negative bacilli that were resistant to carbap-
enem. One isolate was methicillin-resistant Staphy-
lococcus aureus (MRSA), and vancomycin-resistant 
(VRE) was detected in 17 Enterococcus isolates. Table 2 

demonstrates that there was no statistically significant 
difference in the prevalence of multi-drug resistance 
bacteria between the two groups.

Fig. 1  Microbiological distribution. The number of bacteria and fungal isolated from bile samples. A Total; B Gram-negative isolates; 
C Gram-positive isolates; D Candida spp

Table 2  Organisms and multidrug resistant isolates from benign disease and malignant disease

ESBL Extended-spectrum β-lactamase, MRSA Methicillin-resistant Staphylococcus aureus, CRE Carbapenem-resistant Enterobacteriaceae, VRE Vancomycin resistant 
Enterococcus

Total (N = 427) Isolates from patients with 
benign diseases (N = 337)

Isolates from patients with 
malignant diseases (N = 90)

P value

Organisms
  Escherichia coli 105 (24.6) 89 (26.4) 16 (17.8) 0.091

  Klebsiella pneumoniae 41 (9.6) 34 (10.1) 7 (7.8) 0.509

  Pseudomonas aeruginosa 30 (7.0) 26 (7.7) 4 (4.4) 0.281

  Enterococcus faecium 51 (11.9) 43 (12.8) 8 (8.9) 0.314

  Enterococcus faecalis 48 (11.2) 37 (11.0) 11 (12.2) 0.740

  Enterococcus casseliflavus 18 (4.2) 15 (4.5) 3 (3.3) 0.862

Multidrug resistant organisms
  ESBL 61 (14.3) 49 (14.5) 12 (13.3) 0.771

  MRSA 1 (0.2) 0 (0.0) 1 (1.1) 0.478

  CRE 20 (4.7) 18 (5.3) 2 (2.2) 0.335

  VRE 17 (4.0) 13 (3.9) 4 (4.4) 1.000
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Laboratory findings
White blood cell (WBC) counts, platelet count, total 
bilirubin (TBIL), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP) and γ-glutamyltransferase 
(GGT) levels were elevated in patients with malignant 
diseases compared to those with benign diseases. Con-
versely, the levels of hemoglobin (Hb), serum creatinine 
and C-reactive protein (CRP) were lower in patients with 
malignant diseases. Hb (P = 0.000), TBIL (P = 0.000) and 
ALP (P = 0.006) were statistically significant. However, 
there was no significant difference in the results of other 
laboratory tests between benign and malignant diseases 
(P > 0.05; Table 3).

Drug susceptibility results
Antibiotic susceptibilities for Gram-negative bacilli are 
shown in Table  4. The susceptibility of the most com-
mon isolates to antibiotics was analyzed in this study. 
The resistance rates of isolated E. coli to cefazolin, ampi-
cillin and piperacillin were 47/64 (73.4%), 47/64 (73.4%) 
and 47/64 (73.4%), respectively. Tigecycline exhibited 
the highest level of activity against E. coli (100.0%). This 
was followed by ertapenem at 97.8%, imipenem at 96.2%, 
amikacin at 95.2%, and meropenem at 94.7%. Ampicillin 
resistance was observed in 95% of Klebsiella pneumoniae 
strains. Ertapenem was active against 100% of Klebsiella 
pneumoniae isolates, and tigecycline was active against 
97% of the isolates. Pseudomonas aeruginosa showed 
100.0% susceptibility to ceftazidime/avibactam and 89.7% 

while it showed 100.0% susceptibility to amikacin. Ampi-
cillin, cefoxitin, cefuroxime and cefazolin resistance were 
observed in 100.0%, 100.0%, 100.0% and 92.3% of the 
Enterobacter cloacae isolates, respectively. Enterobacter 
cloacae exhibited 100.0% susceptibility to tigecycline, 
minocycline, tobramycin and amikacin.

The antimicrobial susceptibilities of the Gram-positive 
organisms obtained from bile cultures are displayed in 
Table 5. For Enterococcus faecium, the most active antibi-
otic was tigecycline (41/41), followed by linezolid (49/50), 
vancomycin and quinupristin/dalfopristin (37/41). The 
prevalence of Enterococcus faecalis strains resistant to 
quinupristin/dalfopristin was 91.2% (31/34). Tigecycline 
and vancomycin exhibited efficacy activity all Enterococ-
cus faecalis isolates. The resistance rate of Enterococcus 
casseliflavus to vancomycin was 87.5%, and its suscep-
tibility to ampicillin and tigecycline was 100.0%. Fur-
thermore, Enterococcus gallinarum exhibited 100.0% 
susceptibility to tigecycline, linezolid, ampicillin, penicil-
lin and high concentration of streptomycin.

Discussion
Biliary tract diseases often cause biliary tract infections, 
and biliary tract infections are associated with high mor-
bidity and mortality [1, 18]. However, the process of ana-
lyzing bile culture requires a significant amount of time, 
and there is a scarcity of information available regard-
ing the bacteria present in the biliary system in this spe-
cific area. The objective of this study was to examine the 

Table 3  Laboratory results of patients with benign disease and malignant disease

Data are expressed as number (%), X ± SD, or M (IQR). P-value: benign diseases versus malignant diseases

WBC White blood cell, Hb Hemoglobin, PLT Platelet, ALB Albumin, TBIL Total bilirubin, ALT aspartate aminotransferase, AST Aspartate aminotransferase, ALP Alkaline 
phosphatase, GGT​ γ-glutamyl transpeptidase, TBA Total bile acid, CRE Creatinine, CRP C-reactive protein, Glu Glucose. WBC (3.5–9.5) × 109/L, Hb male (130–175) g/L and 
female (115–150) g/L, PLT (125–350) × 109 g/L, ALB (40.0–55.0) g/L, TBIL (0.0–23.0) μmol/L, ALT Male (9–50) U/L and female (7–40) U/L, AST male (15–40) U/L and female 
(13–35) U/L; ALP, male (45–125) U/L female (35–100) U/L, GGT, male (10–60) U/L and female (7–45) U/L; TBA, (0.0–10.0) μmol/L; UREA, male (3.10–8.00) mmol/L and 
female (2.60–7.50) mmol/L; CRE, male (57.0–97.0) μmol/L and female (41.0–73.0) μmol/L; CRP, (0.00–10.00) mg/L; Glu, (3.92–6.16) mmol/L

Benign diseases (N = 247) Malignant diseases (N = 70) P value

WBC counts (× 109/L) 7.1 (5.0–10.0) 7.6 (5.4–12.4) 0.230

Hb (g/L) 114.0 (100.0–125.0) 102.1 ± 17.4 0.000

PLT counts (× 109 platelets/L) 189.0 (140.0–252.0) 221.8 ± 93.8 0.071

ALB (g/L) 37.4 ± 5.7 35.9 ± 5.0 0.051

TBIL (μmol/L) 19.1 (12.2–40.2) 38.5 (14.6–100.3) 0.000

ALT (U/L) 35.0 (21.0–81.0) 36 (24.0–77.3) 0.654

AST (U/L) 28.0 (18.0–58.0) 37.5 (22.0–68.3) 0.062

ALP (U/L) 134.0 (90.0–229.0) 190.5 (117.8–308.3) 0.006

GGT (U/L) 133.0 (48.0–288.0) 159.5 (69.3–392.3) 0.131

TBA (μmol/L) 5.1 (2.5–11.1) 5.2 (2.9–15.6) 0.379

UREA (mmol/L) 4.9 (3.6–6.3) 4.8 (3.6–5.8) 0.747

CRE (μmol/L) 56.0 (46.0–70.0) 50.5 (38.0–72.3) 0.080

CRP (mg/L) 68.8 (19.9–129.3) 40.1 (9.4–115.7) 0.252

Glu (mmol/L) 5.6 (5.0–6.5) 5.6 (5.0–7.0) 0.546
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pathogenic pathogens of positive bile cultures and char-
acterize their patterns of drug resistance.

The proportion of women (57.1%) in the current study 
was slightly higher compared to males, which is consist-
ent with the results of other studies [19, 20]. Studies have 
shown that preoperative ERCP and advanced age are 
important risk factors for positive bile culture [21]. In this 
study, the patients had a higher average age (M = 62.7). 
The elderly population may have comorbidities compro-
mised immune systems. Several academics have discov-
ered that there is a high prevalence of positive bile culture 
in the aged population [1]. Additionally, patients who 
experience fever also have a significant chance of testing 
positive for bile culture [1]. The most common clinical 
symptoms of biliary diseases are reported to be abdomi-
nal pain, fever, and jaundice [1, 3]. However, abdominal 
pain (P = 0.000), nausea (P = 0.005), vomiting (P = 0.004), 

chills (P = 0.039) and jaundice (P = 0.000) were statisti-
cally significant according to univariate analysis. Jaundice 
occurred more in patients with malignant diseases and 
other symptoms occurred more in patients with benign 
diseases.

According to the research of Ozturk‑Engin et  al., the 
increase of ALP, CRP, total bilirubin and WBC count 
is an important predictor of positive bile culture [4]. 
The univariate analysis showed that decreased Hb, 
increased TBIL and ALP were risk factors for patients 
with malignant diseases. The levels of ALP and TBIL in 
the malignant biliary tract group were higher, which was 
consistent with the results of Li et al. [22]. However, the 
CRP level in individuals with benign diseases exceeded 
that of patients with malignant conditions. Many individ-
uals with benign diseases may experience a sudden and 
severe onset of symptoms.

Table 4  Antimicrobial susceptibilities of isolated Gram-negative bacilli from bile cultures

R Resistant, S Susceptible

Escherichia coli (n = 105) (%) Klebsiella pneumoniae 
(n = 41) (%)

Pseudomonas aeruginosa 
(n = 30) (%)

Enterobacter cloacae 
(n = 14) (%)

R S R S R S R S

Ceftazidime 39/104 (37.5) 64/104 (61.5) 14/41 (34.1) 27/41 (65.9) 11/29 (37.9) 13/29 (44.8) 5/14 (35.7) 8/14 (57.1)

Amikacin 3/105 (2.9) 100/105 (95.2) 3/41 (7.3) 38/41 (92.7) 1/29 (3.4) 26/29 (89.7) 0/14 (0.0) 14/14 (100.0)

Aztreonam 53/103 (51.5) 48/103 (46.6) 15/40 (37.5) 25/40 (62.5) 6/23 (26.1) 10/23 (43.5) 5/14 (35.7) 8/14 (57.1)

Cefotetan 8/93 (8.6) 82/93 (88.2) 10/38 (26.3) 28/38 (73.7) - - 7/8 (87.5) 1/8 (12.5)

Cefazolin 47/64 (73.4) 17/64 (26.6) 12/23 (52.2) 11/23 (47.8) 21/21 (100.0) 0/21 (0.0) 12/13 (92.3) 1/13 (7.7)

Cefepime 38/105 (36.2) 59/105 (56.2) 11/41 (26.8) 30/41 (73.2) 6/30 (20.0) 15/30 (50.0) 2/14 (14.3) 12/14 (85.7)

Ceftriaxone 60/103 (58.3) 43/103 (41.7) 11/41 (26.8) 26/41 (63.4) - - 7/14 (50.0) 7/14 (50.0)

Ciprofloxacin 67/103 (65.0) 31/103 (30.1) 20/40 (50.0) 18/40 (45.0) 8/29 (27.6) 17/29 (58.6) 4/14 (28.6) 10/14 (71.4)

Gentamycin 36/101 (35.6) 64/101 (63.4) 12/40 (30.0) 27/40 (67.5) 2/27 (7.4) 22/27 (81.5) 2/14 (14.3) 12/14 (85.7)

Ertapenem 1/89 (1.1) 87/89 (97.8) 0/32 (0.0) 32/32 (100.0) - - 1/11 (9.1) 9/11 (81.8)

Imipenem 3/105 (2.9) 101/105 (96.2) 7/41 (17.1) 33/41 (80.5) 13/30 (43.3) 12/30 (40.0) 2/14 (14.3) 12/14 (85.7)

Levofloxacin 61/105 (58.1) 26/105 (24.8) 15/41 (36.6) 16/41 (39.0) 7/30 (23.3) 20/30 (66.7) 3/14 (21.4) 10/14 (71.4)

Piperacillin/ tazobactam 12/105 (11.4) 84/105 (80.0) 11/41 (26.8) 29/41 (70.7) 4/26 (15.4) 15/26 (57.7) 3/14 (21.4) 11/14 (78.6)

Tobramycin 18/104 (17.3) 71/104 (68.3) 6/40 (15.0) 30/40 (75.0) 3/30 (10.0) 26/30 (86.7) 0/14 (0.0) 14/14 (100.0)

Co-trimoxazole 40/105 (38.1) 65/105 (61.9) 9/41 (22.0) 32/41 (78.0) - - 2/14 (14.3) 12/14 (85.7)

Piperacillin 48/70 (68.6) 21/70 (30.0) 14/32 (43.8) 11/32 (34.4) 3/22 (13.6) 16/22 (72.7) 2/7 (28.6) 4/7 (57.1)

Cefuroxime 49/76 (64.5) 20/76 (26.3) 14/35 (40.0) 16/35 (45.7) - - 5/5 (100.0) 0/5 (0.0)

Cefotaxime 47/74 (63.5) 27/74 (36.5) 12/34 (35.3) 21/34 (61.8) - - 4/6 (66.7) 2/6 (33.3)

Cefmetazole 12/70 (17.1) 57/70 (81.4) 8/30 (26.7) 22/30 (73.3) - - 1/2 (50.0) 1/2 (50.0)

Meropenem 4/76 (5.3) 72/76 (94.7) 7/34 (20.6) 27/34 (79.4) 7/27 (25.9) 16/27 (59.3) 1/11 (9.1) 10/11 (90.9)

Cefoperazone/ sulbactam 21/72 (29.2) 45/72 (62.5) 7/32 (21.9) 24/32 (75.0) 4/24 (16.7) 14/24 (58.3) 0/7 (0.0) 5/7 (71.4)

Minocycline 4/69 (5.8) 63/69 (91.3) 5/31 (16.1) 25/31 (80.6) - - 0/7 (0.0) 7/7 (100.0)

Tigecycline 0/77 (0.0) 77/77 (100.0) 0/33 (0.0) 32/33 (97.0) - - 0/12 (0.0) 12/12 (100.0)

Ampicillin/ sulbactam 56/101 (55.4) 34/101 (33.7) 19/40 (47.5) 15/40 (37.5) - - 3/5 (60.0) 1/5 (20.0)

Ampicillin 73/101 (72.3) 21/101 (20.8) 38/40 (95.0) 1/40 (2.5) - - 5/5 (100.0) 0/5 (0.0)

Fosfomycin - - - - 2/12 (16.7) 9/12 (75.0) - -

Ceftolozane/tazobactam - - - - 0/13 (0.0) 13/13 (100.0) - -

Cefoxitin - - - - - - 5/5 (100.0) 0/5 (0.0)
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History of biliary tract disease (P = 0.001) and history 
of biliary tract surgery (P = 0.002) were also risk factors 
for patients with benign diseases. A prior history of bil-
iary system surgery raises the risk of a positive bile cul-
ture. This can occur due to the introduction of bacteria 
during surgery or increased chance of bacteria entering 
the bile duct from the intestine, which may be caused by 
medical intervention [23]. Postoperative positive bile cul-
ture can result from the anatomical connection between 
the duodenum and biliary tract, sphincter resection, and 
infection of the ascending bile duct. Biliary drainage ena-
bles bacteria and food particles to enter the biliary tree, 
potentially causing contamination of the bile [21, 24]. 
Moreover, percutaneous transhepatic cholangial drainage 
(PTCD) was a risk factor for malignant patients in this 
study. In this paper, percutaneous drainage accounts for a 
large proportion of patients with malignant diseases. This 
may be due to the long course and treatment of patients 
with malignant biliary diseases, which leads to frequent 
percutaneous drainage. Literature shows that foreign 
bodies in biliary tract are usually related to biofilm for-
mation, which leads to persistent and recurrent bacterial 
infection, and bacterial infection cannot be eradicated 
without removing prosthesis [25, 26]. The use of medi-
cal devices improves the treatment of many diseases and 
ultimately improves the quality of life of patients. Device-
associated nosocomial infections, however, are usu-
ally associated with biofilm formation [27–30]. Bacteria 
within the biofilm are highly resistant to antimicrobials, 
thus becoming a major cause of persistent and chronic 
infections [31]. Hypertension (17.4%) was the most 

common complication, followed by diabetes (10.7%), 
cerebral infarction (6.6%), liver dysfunction (4.4%) and 
heart disease (4.1%). The literature is consistent with the 
obtained results that hypertension and diabetes are the 
most common underlying diseases [4].

Multiple bacterial infections were found in bile cultures 
from 30% of patients. Research has indicated that over 
40% of patients experience several bacterial infections, 
whereas other studies have suggested that less than 20% 
of patients are affected by multiple bacterial infections 
[32–35]. In the current study, patients with multiple bac-
terial infections were less likely than those infected with 
a single bacterial type, which is also consistent with the 
results of a study [1]. Multiple infections may be caused 
by postoperative intestinal contamination, low immu-
nity, and nosocomial infections. In the present research, 
the most infected bacteria in the blood were Escherichia 
coli, with a total of 13 strains. There was only one strain 
of Enterococcus faecalis involved. It has been reported 
that most of the biliary diseases caused by bloodstream 
infection are Gram-negative bacilli, and most of them 
are Escherichia coli [9, 36, 37]. The original definition of 
bacteremia caused by biliary tract infection involved the 
same organism identified from bile fluid and blood sam-
ples [9]. It was found that 9.1% of patients with biliary 
tract disease had bacteremia, and biliary tract infection 
was considered a common cause of bacteremia [38]. A 
total of 8 patients developed septic shock after bactere-
mia. Severe biliary tract infection of the biliary system 
can cause the liver’s immunological barrier to weaken, 
resulting in sepsis and septic shock [39]. Most patients 

Table 5  Antimicrobial susceptibilities of isolated Gram-positive bacilli from bile cultures

R Resistant, S Susceptible

Enterococcus faecium 
(n = 51) (%)

Enterococcus faecalis 
(n = 48) (%)

Enterococcus 
casseliflavus (n = 18) (%)

Enterococcus 
gallinarum (n = 9) 
(%)

R S R S R S R S

Quinupristin/dalfopristin 1/41 (2.4) 37/41 (90.2) 31/34 (91.2) 1/34 (2.9) 11/14 (78.6) 2/14 (14.3) 4/6 (66.7) 2/6 (33.3)

Ciprofloxacin 25/51 (49.0) 21/51 (41.2) 3/48 (6.3) 43/48 (89.6) 1/18 (5.6) 16/18 (88.9) 0/9 (0.0) 8/9 (88.9)

High concentration of gentamicin 
(200 μg)

13/50 (26.0) 37/50 (74.0) 8/44 (18.2) 36/44 (81.8) 1/17 (5.9) 16/17 (94.1) 1/8 (12.5) 7/8 (87.5)

Levofloxacin 22/50 (44.0) 21/50 (42.0) 3/48 (6.3) 45/48 (93.7) 0/18 (0.0) 15/18 (83.3) 0/9 (0.0) 8/9 (88.9)

Tigecycline 0/41 (0.0) 41/41 (100.0) 0/33 (0.0) 33/33 (100.0) 0/14 (0.0) 14/14 (100.0) 0/6 (0.0) 6/6 (100.0)

Tetracycline 11/51 (21.6) 39/51 (76.5) 17/47 (36.2) 30/47 (63.8) 4/18 (22.2) 14/18 (77.8) 3/9 (33.3) 6/9 (66.7)

Linezolid 0/50 (0.0) 49/50 (98.0) 0/42 (0.0) 38/42 (90.5) 0/16 (0.0) 15/16 (93.8) 0/9 (0.0) 9/9 (100.0)

High concentration of streptomycin 19/49 (38.8) 30/49 (61.2) 8/43 (18.6) 35/43 (81.4) 1/17 (5.9) 16/17 (94.1) 0/8 (0.0) 8/8 (100.0)

Ampicillin 23/51 (45.1) 28/51 (54.9) 1/48 (2.1) 47/48 (97.9) 0/18 (0.0) 18/18 (100.0) 0/9 (0.0) 9/9 (100.0)

Erythromycin 39/50 (78.0) 6/50 (12.0) 19/47 (40.4) 12/47 (25.5) 3/18 (16.7) 6/18 (33.3) 1/9 (11.1) 6/9 (66.7)

Penicillin 24/51 (47.1) 27/51 (52.9) 1/48 (2.1) 47/48 (97.9) 1/18 (5.6) 17/18 (94.4) 0/9 (0.0) 9/9 (100.0)

Vancomycin 0/51 (0.0) 50/51 (98.0) 0/48 (0.0) 48/48 (100.0) 14/16 (87.5) 2/16 (12.5) 6/9 (66.7) 0/9 (0.0)
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with biliary tract diseases have catheter-related opera-
tions, and the source of bacteremia may be catheter-
related bloodstream infection caused by peripheral 
central catheter insertion [40]. A study has shown that 
biliary-tract bloodstream infection (BT-BSI) is a common 
infectious complication in cancer patients and may cause 
high mortality [10]. It is the second most common cause 
of sepsis in the elderly [36, 41]. However, in this inves-
tigation, there were only 3 cases of biliary-tract blood-
stream infection in tumor patients. And only one person 
died of septicemia, and the same bacteria were isolated 
from blood and bile. Patients with biliary tract infections 
need rapid antibiotic therapy for specific pathogens to 
improve septicemia. Moreover, inappropriate empiric 
antibiotic therapy was an independent factor associated 
with mortality [36, 42].

This study also examined bile samples collected during 
the past three years. Gram-negative bacteria comprised 
for 60.7% of the total, Gram-positive bacteria accounted 
for 35.8%, and fungi made up 3.5%. Escherichia coli was 
the predominant Gram-negative bacterium, with Kleb-
siella pneumoniae and Pseudomonas aeruginosa being 
next most prevalent. Enterococcus faecium and Ente-
rococcus faecalis were the predominant Gram-positive 
bacteria. The primary Gram-negative organisms docu-
mented in earlier literature included Escherichia coli, Aci-
netobacter baumannii complex, Klebsiella pneumoniae 
and Enterobacter cloacae [43]. A study by Mukaiya et al. 
reported that Gram-negative aerobic bacteria are most 
commonly isolated from patients with biliary tract infec-
tions [44]. The bacteria often isolated from bile samples 
were Escherichia coli, Klebsiella pneumoniae and Ente-
rococcus, which aligns with the current results [33, 45, 
46]. The most common possible reason is that Escheri-
chia coli is more resistant to bile than Gram-positive 
microorganisms and is often colonized in the gallbladder, 
becoming a major cause of biliary tract infection [47]. In 
recent years, the proportion of Enterococcus is also slowly 
increased [48, 49]. Currently, the empirical therapy of 
BTI mostly focuses on Enterobacter. However, it is cru-
cial to acknowledge that Enterococcus is also a significant 
pathogen in such infections and should not be disre-
garded. Therefore, it is essential to give due consideration 
to the treatment of Enterococcus infections. Enterococcus 
is often identified as the cause of bacterial cholangitis 
[23]. Compared with the previously published data, the 
prevalence of Pseudomonas aeruginosa isolates (7.0%) 
in the present study was comparable to that of the other 
regions [18, 50]. The literature indicates that the occur-
rence of anaerobic bacteria is very common, and the cur-
rent findings did not occur in anaerobic bacteria [51]. It 
was previously reported that Candida species accounted 
for 28.5% of the culture [48]. However, no statistical 

difference occurred in strains between the two studied 
groups.

Within a community, the susceptibility of the most 
common Gram-negative bacteria to ciprofloxacin has 
significantly diminished, rendering it unsuitable as an 
empirical antibiotic treatment for suspected acute chol-
angitis [48]. In many areas, the same Gram-negative 
bacteria have increased resistance to this common anti-
biotic [52, 53]. In the present study, the resistance rate 
of Escherichia coli to ciprofloxacin was 65.0%, and the 
resistance rate of Klebsiella pneumoniae was 50.0%. A 
study have shown that Gram-negative bacilli are less 
susceptible to ceftriaxone, quinolones, and ampicillin, 
and the obtained results are consistent with it [1]. In 
this study, carbapenem antibiotics (ertapenem, imipe-
nem, meropenem) have high activity against the most 
common Enterobacteriaceae. In South Korea, the medi-
cal system continued to use carbapenems, such as imi-
penem, meropenem and ertapenem, as a second-line 
therapy option [54]. Prior studies have indicated that 
stents are commonly inserted to prevent the occurrence 
of jaundice. However, this practice can potentially result 
in the colonization of the biliary tract by bacteria and 
mergence of strains that are resistant to antibiotics [55]. 
In this research, amikacin was an effective antibiotic for 
Escherichia coli, Klebsiella pneumoniae, Pseudomonas 
aeruginosa and Enterobacter cloacae. Tigecycline and 
minocycline were effective antibiotics for Enterobacte-
riaceae. Within the group of Gram-positive bacteria, the 
Enterococcus bacteria exhibited a higher level of suscepti-
bility to linezolid and tigecycline. Additionally, E. faecalis 
and E. faecium were also highly susceptible to vancomy-
cin. For Enterobacteriaceae, the use of carbapenems, tige-
cycline, and minocycline was recommended. Linezolid 
and vancomycin were used for Enterococci.

This study has several limitations as well. Due to the 
nature of this study being a hospital-based descriptive 
study, there is a possibility that certain data may have 
been lost, missing, or inaccurately recorded. Moreover, 
the presence of geographical and regional variations 
in microbial frequency and antibiotic resistance pat-
terns, this may restrict the generalizability of the results 
obtained in this study. One additional constraint of this 
research was the inability to do sequencing analysis due 
to its exorbitant cost, and the descriptive analysis was 
unable to gather raw bile samples.

Conclusion
Gram-negative bacteria are frequently found in the bil-
iary system. Risk factors such as jaundice and PTCD 
operation may have an impact on patients with malig-
nant diseases. Clinical doctors should pay attention to 
patients with malignant diseases with low hemoglobin, 
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high total bilirubin and high alkaline phosphatase. For 
Enterobacteriaceae, the use of carbapenems, tigecycline, 
and minocycline was recommended. In recent years, the 
proportion of Enterococcus has gradually increased, and 
clinical attention should be paid to enterococcus infec-
tion. Linezolid and vancomycin were used for Entero-
cocci. This study has initially established the pattern of 
drug susceptibility of bile microorganisms for clinical ref-
erence in this specific geographic area.
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