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Abstract
BACKGROUND
Biliary diseases are common digestive system disorders which may combine with biliary tract infection such as cholecystitis or cholangitis. Thus, rapid identification of the bacteria and their antibiotic susceptibility profiles are crucial for reducing the mortality of patients with biliary tract infection.

AIM
[bookmark: OLE_LINK37][bookmark: OLE_LINK8]To identify bacterial species and antibiotic susceptibility for antibacterial therapy and analyze bile cultivation risk factors for increasing detection rates.

METHODS
[bookmark: OLE_LINK9][bookmark: OLE_LINK43]This retrospective study was conducted from July 2008 to July 2017. In total, 1339 bile samples which were collected during therapeutic endoscopic retrograde cholangiopancreatography or percutaneous transhepatic cholangiodrainage or other biliary surgeries or biliary drainage were obtained to characterize pathogen spectra, antibiotic susceptibility, and clinical features. Clinical data including age, sex, comorbidities, clinical symptoms, protopathies, and history of biliary tract diseases and surgeries were collated from hospital medical records. Species identification and initial drug susceptibility were further identiﬁed by biochemical characterization using the VITEK 2 Compact test.

RESULTS
[bookmark: OLE_LINK56][bookmark: OLE_LINK4][bookmark: OLE_LINK34]Positive microbiological findings were observed in 738 samples. The most frequently encountered strains were gram-negative bacteria (74.94%), including Escherichia coli (37.78%), Pseudomonas aeruginosa (8.96%), and Klebsiella pneumoniae (10.29%). Bile bacteria were largely sensitive to carbapenems, piperacillin/tazobactam, and gentamicin. Gram-negative strains had low susceptibility to ceftriaxone, quinolones and ampicillin. Almost the same micro-organisms were present in patients with malignant and benign diseases. The number of samples with Klebsiella pneumoniae in the bile culture were significantly different between patients with malignant and benign diseases (55 vs 30; P = 0.019). Age (P < 0.001), fever (P < 0.001), history of biliary tract diseases and surgeries (both P < 0.001), benign disease (P = 0.002), and the comorbidity chronic renal insufficiency (P = 0.007) affected the positive rates of the bile samples.

CONCLUSION
Gram-negative bacteria were the most commonly isolated biliary bacteria. We determined the major factors associated with positive detection rates. Microbiological analysis of bile samples allowed accurate antibiotic treatments.
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[bookmark: OLE_LINK55]Core tip: In this large ten year retrospective study, we analyzed bacterial species in bile and their antibiotic susceptibility for antibacterial therapy, and analyzed bile cultivation risk factors to increase detection rates. The most frequently encountered strains were gram-negative bacteria, which were largely sensitive to carbapenems, piperacillin/tazobactam, and gentamicin. Almost the same micro-organisms were present in patients with malignant and benign diseases. Major risk factors for positive detection rates were age, fever, history of biliary tract diseases and surgeries, benign diseases, and the comorbidity chronic renal insufficiency.


INTRODUCTION
[bookmark: OLE_LINK22][bookmark: OLE_LINK35][bookmark: OLE_LINK54]Biliary diseases are common digestive system disorders and include gallstones, gallbladder polyps, gallbladder carcinoma, and cholangiocarcinoma. These diseases may be combined with biliary tract infection such as cholecystitis or cholangitis. Normally, bile is a lipid-rich sterile solution produced in the liver[1,2]. However, bacterial colonization of bile has been found in some healthy people, and due to the normal bile flow, such individuals have no clinical symptoms. Bacteria may proliferate through the retrograde intrusion path owing to obstruction of the normal excretion of bile by tumors, stones, or worms that increase the pressure within the biliary ducts. These bacteria may also invade through the blood and lymphatic system. Furthermore, certain interventions such as surgery or endoscopic manipulations may negatively influence human defense mechanisms. Thus, bacteria translocate into the circulation, causing infection, possibly leading to severe sepsis and septic shock or even multiple organ dysfunction syndrome and eventually death[3-5]. Thus, rapid identification of the bacteria and their antibiotic susceptibility profiles is crucial for reducing the mortality of patients with biliary tract infection[6]. However, bile culture requires time and has lower positive rates. Moreover, insufficient data are available regarding the microbiological flora of the biliary tract, and most studies were conducted decades ago[7,8]. In addition, microbes show both regional and temporal variations[9].
[bookmark: OLE_LINK36]Furthermore, there is no agreement concerning an optimum initial antibiotic therapy[5,10], and few data are available regarding the antibiotic susceptibility profiles of bacteria isolated from bile[11]. In addition, the rapid development of multidrug-resistant bacteria complicates the choice of an appropriate empiric antimicrobial therapy even more.
Thus, the aim of this study was to identify bacterial species and their antibiotic susceptibility for early empiric antibacterial therapy and to analyze risk factors in order to increase the detection rates of bile cultivation in patients with biliary diseases.

MATERIALS AND METHODS
Patient characteristics
[bookmark: OLE_LINK52][bookmark: OLE_LINK53][bookmark: OLE_LINK19]In total, 1339 bile samples were collected between July 2008 and July 2017 from 1339 patients who underwent therapeutic endoscopic retrograde cholangiopancreatography or percutaneous transhepatic cholangiodrainage or other biliary surgeries or biliary drainage at the Second Affiliated Hospital of Nanjing Medical University. For this retrospective study, clinical data were collected from medical records. The following variables from medical records were included in our research: age, sex, comorbidities, clinical symptoms, protopathies, and history of biliary tract diseases and surgeries (Table 1). The study was conducted in accordance with the principles of the Declaration of Helsinki, and the study protocol was approved by the ethics committee of the Second Affiliated Hospital of Nanjing Medical University.

Reagents and microbiological sampling
[bookmark: OLE_LINK51][bookmark: OLE_LINK6]Bacterial isolates were obtained from the Second Affiliated Hospital of Nanjing Medical University, a large hospital in Jiangsu Province, China, between July 2008 and July 2017. They were conﬁrmed by classic microbiological methods including Gram stain and catalase. Species identification and initial drug susceptibility were further identiﬁed by biochemical characterization using the VITEK 2 Compact test (bioMérieux, Lyon, France). Escherichia coli (E. coli) ATCC25922, Pseudomonas aeruginosa (P. aeruginosa) ATCC 27853, and Staphylococcus aureus ATCC 29213 were used as the quality control strains. Imipenem, meropenem, ceftriaxone, ampicillin, piperacillin/tazobactam, quinolones, gentamicin, vancomycin, and linezolid were purchased from Oxoid Ltd (Basingstoke, United Kingdom). Minimum inhibitory concentrations of the antibiotics were determined using the broth dilution method, E test (bioMérieux), or disk diffusion methods according to Clinical Laboratory Standards Institute guidelines.

Statistical analysis
All statistical analyses were performed using the SPSS software (Chicago, IL, United States). Between-group analyses were conducted using t-test or 2 test. A P value of < 0.05 was considered to indicate statistical significance.

RESULTS
Microbiological characteristics
[bookmark: OLE_LINK25][bookmark: OLE_LINK28][bookmark: OLE_LINK31][bookmark: OLE_LINK38]As shown in Figure 1, 738 of 1339 bile samples showed positive culture results (55.12%); 826 bacterial isolates were identified from 738 bile samples. Of these 738 samples, 652 contained single bacterial species, 84 had simultaneous growth of two different bacterial species, and two had simultaneous growth of three diverse bacterial species. In total, 619 strains were gram-negative bacteria (74.94%), 189 strains were gram-positive bacteria (22.88%), and 18 strains were fungi (2.18%). At the family level, the most frequently isolated pathogens were Enterobacteriaceae (472; 57.14%) and Enterococcaceae (109; 13.20%). The most common gram-negative bacterial strains at the species level were E. coli (312; 37.78%), Klebsiella pneumoniae (K. pneumoniae) (85; 10.29%), and P. aeruginosa (74; 8.96%). The most frequently detected gram-positive pathogenic bacteria were Enterococcus faecium (51; 6.17%), E. avium (32; 3.87%), and E. faecalis (21; 2.54%). Of the 18 fungal strains identified, 14 (77.78%) belonged to Candida albicans, and the remaining four represented C. tropicalis (16.67%) and C. parapsilosis (5.55%).

Antibiotic susceptibility and bacterial resistance profiles 
[bookmark: OLE_LINK40][bookmark: OLE_LINK33]We analyzed the most common isolates in our study for susceptibility to antibiotics. Overall, for isolated E. coli, ceftriaxone and ampicillin resistance was observed in 251/312 cases (80.45%) and 277/312 isolates (88.78%), respectively. Ampicillin showed activity against 27.45% of the E. faecium isolates, and quinolones were active against 33.33% of the isolates. Furthermore, 78.38% of P. aeruginosa strains were resistant to ceftriaxone, and 100% of the isolates were resistant to ampicillin. Ceftriaxone and ampicillin resistance were observed in 71.76% and 95.29% of the K. pneumoniae isolates, respectively (Table 2).

[bookmark: OLE_LINK1]Clinical characteristics
[bookmark: OLE_LINK2]The patients admitted to our hospital had a mean age of 62.42 years (SD, 14.90; range, 1-97 years) and were mostly men (n = 668) and aged > 65 years (n = 619). Of 1339 selected bile samples, 959 were collected from patients with benign diseases such as gallstones, cholecystitis, and gallbladder polyps. In addition, 380 bile samples were collected from patients with malignant diseases such as adenocarcinoma of the duodenal papilla, pancreatic cancer, gallbladder carcinoma, and cholangiocarcinoma. The most common clinical symptoms were abdominal pain (82.23%), fever (20.01%), and jaundice (43.24%). Major comorbidities were diabetes (163 cases), hypertension (352 cases), brain infarction (108 cases), coronary heart disease (63 cases), chronic bronchitis (33 cases), and chronic renal insufficiency (23 cases). Altogether, 560 patients had a history of biliary tract diseases, and 457 patients underwent biliary tract surgeries (Table 1).

Factors for bile culture-positive rates
[bookmark: OLE_LINK12]We compared the main clinical differences between 738 cases with positive bile culture results (group 2) and 601 cases with negative bile culture results (group 1) (Table 1). We found that older patients (≤ 60 vs > 60) had high positive rates (P < 0.05). There was a statistically significant difference between the two groups with and without clinical manifestations such as fever (62 of 601, 10.32% vs 206 of 738, 27.91%; P < 0.001). The patients with benign diseases had higher positive rates that those with malignant diseases (405 of 601, 67.39% vs 554 of 738, 75.07%; P = 0.002). We also found statistically significant differences in patients with a history of biliary tract diseases and surgeries (191 of 601, 31.78% vs 369 of 738, 50% and 128 of 601, 21.30% vs 329 of 738, 44.58%; both P < 0.001). Four patients in group 1 and 19 patients in group 2 had chronic renal insufficiency (P = 0.007).

Distribution of bile bacteria and cause of diseases
[bookmark: OLE_LINK27][bookmark: OLE_LINK29][bookmark: OLE_LINK30]We found that the most common strains in patients (n = 554) with benign diseases were E. coli (231; 41.7%), P. aeruginosa (55; 9.93%), K. pneumoniae (55; 9.93%), and E. faecium (39; 7.04%). The predominant strains identified in patients (n = 184) with malignant diseases were E. coli (81; 44.02%), K. pneumoniae (30; 16.30%), P. aeruginosa (19; 10.33%), and E. faecium (12; 6.52%). Both for benign and malignant disease, the prevalence was almost the same. A significant difference was observed between patients with malignant and those with benign diseases with regard to K. pneumoniae bile cultures (55 vs 30; P = 0.019; Table 3).

[bookmark: OLE_LINK50]DISCUSSION
[bookmark: OLE_LINK14][bookmark: OLE_LINK26][bookmark: OLE_LINK11][bookmark: OLE_LINK15][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK44]It has been reported that biliary pathogenic bacteria may be associated with intestinal flora distribution, such as E. coli, K. pneumoniae, and Enterococcus[12-14]. In the present study, we analyzed 1339 bile samples over ten years and established that biliary bacteria were mainly gram-negative bacteria, accounting for 74.94%, the rest included 22.88% of gram-positive bacteria and 2.18% of fungus. E. coli (37.78%) and K. pneumoniae (10.29%) were the most common gram-negative bacteria, and Enterococcus (13.20%) and Staphylococcus (7.38%) were the main gram-positive bacteria. Therefore, at the species level, our results, are consistent with previous results[12-14]. Normally, due to the protective effects of bile salts, flushing of bile, and phagocytosis by Kupffer cells[1,15], the numbers of bacteria in the biliary tract are low. In a previous study, gut microbes were established to shift to the bile ducts and liver via the duodenal papilla and portal system following obstruction of the biliary tract, which caused infection[16]. In our study, the mixed infection rate was lower than the individual bacterial infection rate (11.65% vs 88.35%), which was different to previous reports[17,18]. This may have been because we did not perform anaerobic bacteria cultivation and the wide application of antimicrobial agents.
[bookmark: OLE_LINK46][bookmark: OLE_LINK41][bookmark: OLE_LINK45][bookmark: OLE_LINK47][bookmark: OLE_LINK42]In the past, the combination of ampicillin and an aminoglycoside was considered to be the first choice for treatment of biliary tract infection. However, due to increasing resistance to penicillin and kidney toxicity of aminoglycoside, empiric therapy was changed. Current guidelines now recommend treatment with third-generation cephalosporins or a penicillin/beta-lactamase inhibitor-based agent for empiric therapy of biliary bacteria by intravenous infusion[19]. In conclusion, bacterial resistance has changed. In our study, gram-negative strains had low susceptibility to ceftriaxone, quinolones and ampicillin, which is inconsistent with the guidelines. This high resistance may be related to common inappropriate use of these antibiotics, the selection of third-generation cephalosporins and no classification of quinolones. Thus, ceftriaxone and ampicillin were not recommended. On the other hand, they were reasonably susceptible to piperacillin/tazobactam and carbapenems. However, not all patients with biliary infections are treated with carbapenems and piperacillin/tazobactam due to cost issues and emerging resistance. It was reported that univariate risk factors for biliary multidrug resistant bacteria were male sex, nosocomial acute cholangitis, prior antibiotic exposure and prior biliary stenting[13]. We analyzed the risk factors for this high ceftriaxone resistance rate with regard to E. coli (Supplementary Table 1). Unfortunately, we did not find any relevant risk factors. Further in-depth analysis is required in the future. In our study, the resistance rates of E. faecium were exceedingly high. In our series, gentamicin and piperacillin/tazobactam led to insignificant susceptibility rates, and only narrow-spectrum antibiotics such as vancomycin were effective. These findings must be considered during future empiric antibiotic treatments.
[bookmark: OLE_LINK21]We suspected that microbiological profiles may be related to different diseases. Therefore, we analyzed the differences in microbiological profiles of patients with benign and malignant diseases. However, we found almost the same micro-organisms were positively cultured, and E. coli, Enterococcus, P. aeruginosa, and K. pneumoniae were the most common bacteria present in patients with malignant and benign diseases. We also attempted to demonstrate a possible association between bactibilia and the emergence of malignant diseases, such as Helicobacter pylori, which is associated with pancreatic cancer[20] and biliary tract cancer[21]. However, only a significant difference was observed between patients with benign diseases and those with malignant diseases with regard to K. pneumoniae (P = 0.019).
[bookmark: OLE_LINK39][bookmark: OLE_LINK18]When the bile duct is obstructed, bacteria in the bile proliferate and inflammation occurs. Thus, choosing suitable antibiotics according to the profiles of the different bacteria identified is essential. However, in clinical practice, there is a certain time delay in obtaining bacterial culture and drug susceptibility results. At the same time, positive cultivation rates are low. Therefore, analyzing the factors that affect the positive cultivation rates of patients to increase detection rates is important. We found that older patients presented with high positive rates, possibly because they had comorbid diseases and had low immunity to resist bacteria. Moreover, weakened gastrointestinal motility, decreased secretion of gastric acid and bile, and lower gastric acid concentration and intestinal disorders in older people promoted the growth of bacteria. Abdominal pain, fever, and jaundice were the most frequently observed clinical manifestations in patients with biliary diseases[10]. However, in our study, we found that only patients with fever tended to present with high positive rates, possibly because fever had higher specificity than other symptoms.
[bookmark: _Hlk34079014]Salvador et al[22] revealed that patients with benign diseases had higher positive rates than those with malignant diseases (P = 0.002), which is consistent with our findings, but is contrary to those of another study[14]. This may be due to other reasons. According to some investigators, sphincter of Oddi function in patients is normal before the onset of malignant disease. Normal function can adjust the flow of bile and pancreatic juices to maintain normal bile duct pressure. In addition, it can prevent reflux of duodenal contents. When sphincter of Oddi dysfunction occurs, it will lead to obstruction of the biliary tract and growth of bacteria. Furthermore, patients with benign diseases had higher rates of bile duct stones than those with malignant diseases in our study, which would also lead to obstruction of the biliary tract and the growth of biliary pathogenic bacteria.
[bookmark: OLE_LINK17]A history of biliary tract diseases and surgeries was also another risk factor (P < 0.001). Previous research has shown that biliary tract diseases such as gallstones provide beneficial conditions for adhesion, growth, and propagation of pathogenic bacteria. In addition, the symptoms of these diseases cause disorders of bodily function and change the tissue structure, which decreases the ability to remove the bacteria. There is evidence of damage to the normal structure of the sphincter of Oddi[23] and influence on the function of bile ducts[24] due to previous surgeries such as endoscopic retrograde cholangiopancreatography. Similar surgical interventions can easily lead to duodenal–biliary reflux, mucosal hyperemia edema, and anastomosis of the biliary stricture, which creates beneficial conditions for rapid multiplication of bacteria.
[bookmark: OLE_LINK20][bookmark: OLE_LINK16]We analyzed the different comorbidities of patients with high positive rates. In contrast to the findings of other studies, few of the observed comorbidities had a significant risk for positive rates[25]. We only found chronic renal insufficiency (P = 0.007) to be significant. The kidneys of patients with chronic renal insufficiency may have long-term serious injuries. As a result, their lymphocyte levels decrease, neutrophil function is damaged, and immune function is weakened.
In conclusion, Gram-negative bacteria were the most commonly isolated biliary bacteria. Risk factors such as age, fever, history of biliary tract diseases and surgeries, benign diseases, and comorbidities such as chronic renal insufficiency positively influenced the detection rates. Bile samples for microbiological analysis may enable a more accurate selection of antibiotic treatments.

ARTICLE HIGHLIGHTS
Research background
Biliary diseases may combine with biliary tract infection such as cholecystitis or cholangitis which possibly lead to severe sepsis and septic shock or even multiple organ dysfunction syndrome and eventually death. However, bile culture requires more time and has lower positive rates. Most related studies were conducted decades ago and lack a large sample size. 

Research motivation
Using a large sample size and ten years of study, we fully understand the bacterial species and antibiotic susceptibility for antibacterial therapy in patients with biliary diseases. 

Research objectives
The identification of bacterial species and their antibiotic susceptibility for early empiric antibacterial therapy are crucial for reducing the mortality of patients with biliary tract infection.

Research methods
Clinical data were collected from hospital medical records. Species identification and initial drug susceptibility were further identiﬁed by biochemical characterization using the VITEK 2 Compact test. All statistical analyses were performed using the SPSS software. Between-group analyses were conducted using the t-test or 2 test.

Research results
The most frequently encountered strains were gram-negative bacteria (74.94%), including Escherichia coli (37.78%), Pseudomonas aeruginosa (8.96%), and Klebsiella pneumoniae (10.29%). Bile bacteria were largely sensitive to carbapenems, piperacillin/tazobactam, and gentamicin. We found almost the same micro-organisms present in patients with malignant and benign diseases. Age (P < 0.001), fever (P < 0.001), history of biliary tract diseases and surgeries (both P < 0.001), benign disease (P = 0.002), and the comorbidity chronic renal insufficiency (P = 0.007) affected the positive rates of the bile samples.

Research conclusions
We found that gram-negative strains had low susceptibility to ceftriaxone, quinolones and ampicillin. In addition, some risk factors such as age, fever, history of biliary tract diseases and surgeries, benign diseases, and the comorbidity chronic renal insufficiency positively influenced the detection rates. Bile samples for microbiological analysis may enable a more accurate selection of antibiotic treatments. 

Research perspectives
The risk factors for antibiotic resistance rate and bacterial resistance genes should be analyzed.
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Figure Legends
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Figure 1 Microbiological distribution. Numbers of bacteria at the family and species level isolated from bile samples. A: Total; B: Enterococcus spp.; C: Enterobacteriaceae; D: Candida spp.
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Table 1 Clinical characteristics and factors related to bile culture positive rates 
	
	[bookmark: OLE_LINK3]Group 1 (n = 601) (%)
	Group 2 (n = 738) (%)
	Total (n = 1339) (%)
	P-value

	Age (mean in years)
	60.93 ±14.99
	63.62 ± 14.72
	62.42 ± 14.90
	0.000a

	Sex (male)
	293 (48.75)
	375 (50.81)
	668 (49.89)
	0.453

	Clinical manifestations

	Fever
	62 (10.32)
	206 (27.91)
	268 (20.01)
	0.000a

	Abdominal pain
	459 (76.37)
	606 (82.11)
	1065 (79.54)
	0.906

	Jaundice
	252 (41.93)
	327 (44.31)
	579 (43.24)
	0.382

	Benign diseases
	405 (67.39)
	554 (75.07)
	959 (71.62)
	0.002a

	Malignant diseases
	196 (32.61)
	184 (24.93)
	380 (28.38)
	

	History of biliary tract diseases
	191 (31.78)
	369 (50.00)
	560 (41.82)
	0.000a

	History of biliary tract surgery
	128 (21.30)
	329 (44.58)
	457 (34.13)
	0.000a

	Comorbidities

	Diabetes
	77 (12.81)
	86 (11.65)
	163 (12.17)
	0.519

	Hypertension
	170 (28.29)
	182 (24.66)
	352 (26.29)
	0.134

	Brain infarction
	52 (8.65)
	56 (7.59)
	108 (8.07)
	0.477

	Coronary heart disease
	30 (4.99)
	33 (4.47)
	63 (4.71)
	0.655

	Chronic bronchitis
	14 (2.33)
	19 (2.57)
	33 (2.46)
	0.774

	Chronic renal insufficiency
	4 (0.67)
	19 (2.57)
	23 (1.72)
	0.007a


Group 1: 601 cases with negative bile culture; Group 2: 738 cases with positive bile culture. Significance differences were calculated using the 2 or t-test. aP < 0.05.


Table 2 Antibiotic susceptibility and resistance profile of bacteria
	Antibiotic
	Escherichia coli (n = 312) (%)
	Pseudomonas aeruginosa (n = 74) (%)
	 Klebsiella pneumoniae (n = 85) (%)
	Enterococcus faecium (n = 51) (%)

	Ceftriaxone
	251 (80.45%)
	58 (78.38%)
	61 (71.76%)
	NA

	Ampicillin
	277 (88.78%)
	74 (100%)
	81 (95.29%)
	37 (72.55%)

	Piperacillin/tazobactam
	37 (11.86%)
	9 (12.16%)
	18 (21.18%)
	28 (54.90%)

	Quinolones
	204 (65.38%)
	11 (14.86%)
	34 (40.00%)
	34 (66.67%)

	Carbapenems
	0 (0%)
	17 (22.97%)
	2 (2.35%)
	NA

	Vancomycin
	NA
	NA
	NA
	0 (0%)

	Gentamicin
	144 (46.15%)
	9 (12.16%)
	43 (50.59%)
	18 (35.29%)

	Linezolid
	NA
	NA
	NA
	0 (0%)


NA: Not applicable.


Table 3 Distribution of bacteria identified in 738 bile samples with positive bile culture based on the different diseases caused by them
	Bacteria
	[bookmark: OLE_LINK5]Benign diseases (n = 554) (%)
	Malignant diseases (n = 184) (%) 
	Total (n = 738) (%)
	P-value

	Escherichia coli
	231 (41.7)
	81 (44.02)
	312 (42.28)
	0.580

	Enterococcus faecium
	39 (7.04)
	12 (6.52)
	51 (6.91)
	0.810

	Klebsiella pneumoniae
	55 (9.93)
	30 (16.30)
	85 (11.52)
	0.019a

	Pseudomonas aeruginosa
	55 (9.93)
	19 (10.33)
	74 (10.03)
	0.876

	Proteus mirabilis
	14 (2.53)
	7 (3.8)
	21 (2.85)
	0.367

	Staphylococcus
	40 (7.22)
	21 (11.41)
	61 (8.27)
	0.074


Main bacteria were identified in 738 bile samples from 738 patients; 554 patients with benign diseases and 184 with malignant diseases. Significant differences were calculated using the 2 test. aP < 0.05.
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