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Abstract
AIM: To develop an algorithm to improve the diagnosis and treatment of patients with biliary candidiasis.

METHODS: We performed a prospective study of 127 patients who underwent endoscopic retrograde cholangiopancreatography, for various biliary disorders, at 3 tertiary referral centers in Germany from July 2011 through July 2012 (ClinicalTrials.gov: NCT01109550). Bile, buccal, and stool samples were collected. When indicated, endoscopic transpapillary bile duct biopsies were performed to clarify the etiology of bile duct strictures and to prove invasive fungal infections. 
RESULTS: Candida species were detected in 38 of the 127 bile samples (29.9%). By multivariate analysis patients’ age and previous endoscopic sphincterotomy were independent risk factors for biliary candidiasis (P < 0.05). Patients with immunosuppression (P = 0.058) and recent long-term antibiotic therapy (> 7 d) (P = 0.089) tend to be at risk for biliary candidiasis. One patient was negative in mycological culture of bile fluid but invasive biliary candidiasis was diagnosed histologically. Of Candida subspecies detected, 36.7% were azole-resistant, such as C glabrata. Eight patients received anti-mycotic therapy, based on our algorithm. Of these, 3 had cancer with biliary tract involvement, 2 had secondary sclerosing cholangitis, 1 had retroperitoneal fibrosis, and 5 had septicemia. In all patients contamination was ruled out by smears of the endoscope channel.

CONCLUSION: Gastroenterologists should be aware of frequent candida colonization in patients with cholangitis and biliary disorders. Our suggested algorithm facilitates the further clinical management.
© 2014 Baishideng Publishing Group Co., Limited. All rights reserved. 
Key words: Cholangitis; Biliary candidiasis; Invasive fungal infection; Biliary obstruction
Core tip: This prospective multicenter study evaluates the clinical impact of microbial analysis of bile fluid in diagnosing biliary candidiasis. Additionally, a diagnostic algorithm is established to facilitate the clinical management and to improve antimicrobial therapy in patients with cholangitis and involvement of fungal species. 
Lenz P , Eckelskemper F, Erichsen T, Lankisch T, Dechêne A, Lubritz G, Lenze F, Beyna T, Ullerich H, Schmedt A, Domagk D. A prospective observational multicenter study to define a diagnostic algorithm for biliary candidiasis. World J Gastroenterol 2014; In press
INTRODUCTION

The clinical presentation of acute cholangitis remains crucial for its diagnosis and the therapeutic approach comprises decompression via endoscopic retrograde cholangiopancreatography (ERCP) and broad-spectrum antibiotic therapy[1]. 

Up to now, few studies investigated the impact of microbiological analysis of bile fluid in patients with biliary disease[2-7]. Overall, they conclude that bile analysis may be useful to guide the therapeutic procedure in patients with biliary infections. Candidiasis plays an increasing role in nosocomial infections in recent years, especially on intensive care units[8-14]. Accordingly Candida and other fungal species have increasingly been reported to be involved in cholangitis[15,16]. The term “biliary candidiasis” is commonly used when candida species are detected in microbiological bile fluid analysis and the pathogenicity of its presence might be regarded as an unrecognized clinical problem.

Over the years, the number of publications dealing with biliary candidiasis is increasing, but nevertheless the scientific debate is mainly focused on case reports or series. Interestingly, most of the studies were conducted in European countries although fungal infections play an increasing role worldwide[8-14]. Apart from our work, larger clinical trials dealing with biliary candidiasis are still missing. 

In a first prospective observational study of 123 consecutive patients undergoing ERCP for various indications, the authors detected Candida species in 44%[17]. The question how positive findings should influence a patient´s therapy has not been answered yet. 

This study is aimed at evaluating the incidence of candida in patients suspected of having cholangitis in a multicenter setting. Furthermore, a diagnostic algorithm including additional parameters (candida antigen testing, histology of transpapillary biopsies) should be established to guide therapeutic decisions in biliary candidiasis.

MATERIALS AND METHODS

The study was designed as observational multicenter trial. As study centers the University Hospitals of Muenster, Hannover, and Essen participated with their high volume endoscopy units. The study protocol conformed to the ethical guidelines of the 1975 Declaration of Helsinki and was a priori approved by the responsible local Ethics Committees. Furthermore, the study was officially registered at ClinicalTrials.gov (NCT01109550). 

Inclusion criteria comprised suspected cholangitis and biliary stricture of unknown origin. Exclusion criteria included contraindications of the performed ERCP-procedure. Baseline characteristics of our study population are given in Table 1. The present study was conducted at three German institution of tertiary care care (Department of Medicine B, University of Muenster; Department of Gastroenterology, Hepatology and Endocrinology, Hannover Medical School, Hannover Department of Gastroenterology and Hepatology, University Hospital Essen). The distribution of the primary diagnosis and indications for performing the ERCP-procedure (table 1) shows that we have a high percentage of complex cases (e.g. carcinoma of the biliary tract) and the simple diagnosis “choledocholithiasis” accounts only for a less proportion of patients. Furthermore, 9 of 127 patients (7.1 %) were liver transplant recipients, which also reflect a distinct risk profile of our study population. ERCP was performed in all participating centers using standard methods with a conventional video duodenoscope (TF160R, Olympus Optical Co., Ltd., Tokyo, Japan)[18,19]. The common bile duct (CBD) was selectively intubated with a filling catheter and bile samples aspirated into a sterile syringe and promptly delivered to the respective Institute of Medical Microbiology. To exclude contamination artifacts smears of the endoscope working channel and elevator were taken before and after the examination. Furthermore, buccal smears and stool samples were taken to document the individual transient flora. Endoscopic transpapillary bile duct biopsy for diagnosis of invasive fungal infection was performed when clinically indicated to clarify the etiology of a bile duct stricture. The biopsies were formalin-fixed and analyzed by the responsible Institute of Pathology. Additionally, candida-antigen-serology (Platelia Candida Ag Plus assay, Bio-Rad, France)[20] and blood cultures (BACTEC™, Becton, Dickinson and Company, Sparks, MD, USA) were obtained routinely four hours after the examination. Informed consent was obtained from all patients. All authors had access to the study data and reviewed and approved the final manuscript.
Microbiological analysis of the different specimens

The specimen were cultivated both on Kimmig agar plates and in Sabouraud bouillons and further differentiation was done by standard micromorphologic and biochemical methods[21]. The detection and identification takes at least 2 in maximum 8 d when received at the Department of Microbiology. According to the literature the term “biliary candidiasis” was used when the fungal culture of the bile specimen was positive[17,22-29] and two patients’ groups were formed - with (group II) and without biliary candidiasis (group I). Candida species identification was conducted by the API ID 32 C test system (bioMérieux, France) according to the instructions of the manufacturer[30]. Antifungal susceptibility testing was performed by the Etest method as described previously but not conducted at all participating centers[31]. 

Suggested diagnostic algorithm

The diagnosis of biliary candidiasis with need for antifungal treatment were made following the guidelines of the Infectious Diseases Society of America[32,33] and the Infectious Diseases Working Party (AGIHO) of the German Society of Hematology and Oncology[34]. Based on our own experience[17,23,24], we developed the following diagnostic algorithm:

Positive fungal bile culture: (1) Antifungal treatment when elevated infection parameters [body temperature > 38°C, leukocytosis > 10000/μL, C-reactive protein (CRP) > 0.5 mg/dL] or presence of signs of systemic inflammatory response (SIRS) (blood pressure < 90/50 mmHg) and detection of an invasive candidiasis in the transpapillary biopsy or no response to antibacterial treatment; or (2) No antifungal treatment when patient in good clinical condition and without infection parameters or signs of SIRS or no histologic detection of an invasive candidiasis in the transpapillary biopsy specimen
No positive fungal culture of the bile: (1) Antifungal treatment when elevated infection parameters or signs of SIRS (see above) and no response to antibacterial treatment (persistent signs of inflammation, see above, despite use of broad-spectrum antibiotics); or (2) no antifungal treatment when no indication within the clinical appearance.
The antifungal treatment was initiated immediately after mediation of the positive finding from the respective institute of microbiology. Patients enrolled in the study were treated with echinocandins (caspofungin, Cancidas™) (loading dose of 70 mg, followed by 50 mg per day for 13.1 ± 5.4 d) as first choice according to the criteria above since our pilot study showed high percentages of azole-resistant fungal species in bile fluid[17]. Additionally, echinocandins are known to reach therapeutic levels in the bile[35] and most of the patients included in the study had elevated liver enzymes speaking in favor of this group of antimycotics as opposed to azoles[36,37]. Azoles were used when oral antimycotic therapy was preferred for prompt release of the patient, for example.
Statistical analysis

Continuous variables are summarized by the mean and standard deviation. The continuous variables were analyzed using Wilcoxon-Test. Categorical variables are presented in total and as percentage. They were analyzed using χ² -test. Laboratory parameters were analyzed by the Wilcoxon-Mann-Whitney test. Logistic regression was used for multivariate analysis of possible risk factors for biliary candidiasis. The influence of the possible risk factors was investigated using the Wald test. Two-sided P -values of < 0.05 were considered as significant. The test results are regarded in an exploratory and not in an inferential sense, so that it was not necessary to correct P -values for multiple testing. A significant test result provides an indication for clinical relevance, yet clinical relevance needs to be proven in future studies.

RESULTS

Patient characteristics

Between July 2011 and July 2012, 127 patients were enrolled in this study with various biliary diseases. The gender distribution was similar in both groups (Table 1). Candida species in the bile were detected in 38 of the 127 patients (29.9%). There was a significant difference in age between patients with and without biliary candidiasis (64.7 ± 15.0 vs 58.3 ± 15.6, P < 0.05).
The proportion of patients diagnosed with “biliary candidiasis” based on positive fungal cultures of bile samples was not significantly different between the participating study centers [Muenster: 28/91 (30.8%), Hannover: 7/20 (35.0%), Essen: 3/16 (18.8%), P = 0.541].

Regarding laboratory findings at the time of intervention, no significant difference could be observed (Table 2).

Risk factors of biliary candidiasis

A list of potential risk factors of biliary candidiasis is given in Table 3 and analyzed by multivariate analysis. Regarding iatrogenic alterations of the biliary tract, previous endoscopic sphincterotomy (EST) is a significant risk factor for biliary candidiasis (65.8% with biliary candidiasis vs 57.3% without biliary candidiasis, P = 0.012). Previous ERCP seems not to be a significant risk factor in multivariate analysis (68.4% vs 59.6%, P = 0.574). Immunosuppression (neutropenia, status under immunosuppressive drugs or chemo-therapy, progressive cancer disease) tends to be predominant in patients with positive fungal cultures of their bile compared to the negative group (68.4% vs 47.2%, P = 0.058). Furthermore, long-term antibiotic treatment exceeding seven d (28.9% vs 10.1%, P = 0.089) tends to be associated with biliary candidiasis. The incidence of Candida species in the bile of patients without prior ERCP was 12/48 (25%).

Fungal species analysis

Distribution of candida subspecies in the bile: Most of the fungal species in the bile were identified as Candida albicans (C. albicans)(60.5%), followed by Candida glabrata (C. glabrata), which accounts for 15.8% of the cases (Table 4). Together with Candida tropicalis (10.5%), Candida krusei (2.6%) and mixed cultures (7.9%) the percentage of potentially azole-resistant candida strains adds up to 36.7 %. The mixed cultures include C. albicans et glabrata (n = 2) and C. albicans et tropicalis (n = 1). 
Fungal species in blood culture analysis: None of the blood cultures, taken 4h after the examination, provided evidence for candidemia. 
Coincidence of Candida in bile, buccal smears, stool samples and swabs of the endoscope channel

Overall, no significant correlations between finding candida in swabs of the endoscope channel before the endoscopic examination and in buccal smears (P = 0.501), in bile (P = 0.088) or in stool samples (P = 1.000) were found.
After endoscopic examination, mycological analysis showed similar pathogens in bile and buccal smears, but not in stool samples (Table 4). 

The overall presence of candida in buccal smears and bile samples correlated significantly (P = 0.007, Table 4), but subspecies analysis revealed no consistency between bile and buccal smears (e.g., C. albicans was found in buccal smears but C. glabrata in bile analysis (P = 0.700). 

Diagnostics and treatment according to the suggested algorithm

In three patients antifungal treatment was initiated outside the algorithm (one with candida sepsis, another with severe esophageal candidiasis). The third patient suffered from progressive colon cancer with liver metastasis and cholestasis; he was admitted in reduced general condition not explained by tumor disease alone. Here, invasive fungal infection was diagnosed by transpapillary biliary biopsy although fungal culture of the bile sample remained negative. 
Eight patients were treated according to our suggested algorithm. Only one of these 8 patients had no proven biliary candidiasis and treatment decision was based on the prolonged course of the acute cholangitis despite antibiotic treatment and a high titer of serum candida antigen (302.1 pg/mL, Elisa test). 
In the majority of cases (7/8 patients) the indication for antifungal treatment was based on the clinical aspect of missing response to antibiotic treatment alone. All of these patients suffered from severe chronic disease such as primary sclerosing cholangitis, cancer or retroperitoneal fibrosis. For example, one patient after hemihepatic resection due to rectal cancer suffered from persistent infection despite broad-spectrum antibiotic treatment. Mycological analysis revealed Candida albicans in the bile fluid and as well in a liver abscess with communication to the biliary tract. With antifungal treatment the patient recovered promptly and was discharged in good general condition.
In this study, nine patients where treated with echinocandins and two with fluconazole. The use of oral fluconazole in two cases was chosen as these patients preferred an oral medication to enable early discharge from hospital for private reasons.

Overall, patients treated with antimycotics had significantly higher cholestasis parameters at baseline compared to the initial blood analysis in the untreated group (Bilirubin: 6.9 ± 5.7 mg/dL vs 4.1 ± 7.4 mg/dL, P < 0.05; yGT: 908.4 ± 1031.8 mg/dL vs 443.2 ± 625.0 mg/dL, P < 0.05). 

Serum Candida antigen levels do not correlate with positive fungal cultures of the bile (5.50 ± 40.73 vs 0.02 ± 0.11, P = 0.823), but interestingly, the serum candida antigen levels were significantly higher in the treatment group, compared to patients who did not receive antifungal treatment (37.83 ± 106.78 pg/mL vs 0.01 ± 0.05 pg/mL, P = 0.001).
There was no significant difference in length of stay (LOS) and time to readmission (TTR) between patients with and without biliary candidiasis (LOS: 9.4 ± 13.8 d vs 10.0 ± 14.4 d, P = 0.631 and TTR: 63.1 ± 46.6 vs 57.9 ± 67.9, P = 0.161). 

Comparing the patients with positive fungal culture with and without antifungal treatment LOS was significantly longer and TTR significantly shorter in the treatment group (LOS: 21.9 ± 24.2 d vs 6.9 ± 8.9 d, P = 0.011 and TTR: 74.4 ± 73.3 vs 13.8 ± 13.7, P = 0.018). 
DISCUSSION

Despite technical improvements of interventional endoscopy, little is known about the bile fluid and its microbial flora. Some data suggest that collecting bile during ERCP in patients with suspected cholangitis may be useful[2,3,6,7]. However, this is not routinely practiced. Microbial bile analysis helps to tailor an individual therapy and identifies the bacterial spectrum of each center to improve empiric antibiotic therapy[6]. Some groups also find high percentages of Candida in the bile fluid (Kaya et al[38]: 10%, Negm et al[6]: 10%[6], Lenz et al[17]: 44%). The present study showed a high percentage of fungal species in the bile fluid – even in a multicenter setting including three centers of tertiary care. The distribution of fungal species was comparable with our previous study with Candida albicans as predominant species, followed by C. glabrata and tropicalis[17]. The study was conducted in a high-risk collective of patients which may have biased the microbiological results. The diagnostic algorithm seems, therefore, especially relevant for other tertiary centers or treatment of critically ill patients. 

As this study was conducted at three institution of tertiary care, most of the enrolled patients have already had previous ERCP-procedures. Previous EST was identified as independent risk factor for biliary candidiasis. On might speculate that an altered biliary sphincter after EST might facilitate colonization of the bile fluid with fungal species and therefore predispose for ascending infections. Our conclusions would be more clear cut if we had used rather untreated, naïve patients. Nevertheless, cholangitis also occurs in patients with “virgin” papilla and analysis of bile samples may therefore also be useful in those patients.
Blood cultures after the examination were negative in all patients. This is in agreement with Diebel et al[22] who found that patients with biliary Candida infection had no evidence of candidemia. Furthermore, the sensitivity of blood cultures to detect Candida is 50%–75% and lower sensitivity rates have been reported[13,39,40]. 

Especially in immunosuppressed patients, an early diagnosis and adequate treatment of invasive fungal infection is crucial[41]. Any delay in the initiation of antimycotic therapy in candidemia may result in a decrease of overall survival[42,43]. Microbial analysis of bile fluid and implementation of the suggested diagnostic algorithm might accelerate early diagnosis and pave the way for adequate treatment. 

Concordant with our pilot study in 2009[17], high percentages of complicated and potentially azole-resistant Candida subspecies were identified (36.7%). The proportion of non-albicans Candida species in bile and buccal smears or stool samples was not significantly different in patients with and without biliary candidiasis (P = 0.316 and P = 0.582 respectively). Comparing buccal smears and stool samples we found a significant difference (P = 0.034). The influence of different Candida subspecies on the individual patient cannot be answered by this study and may be answered be future analysis, especially regarding the human gut microbiome[44-46]. 

The swabs of the endoscope channel do not exclude contamination during the introduction process of the endoscope via the oral route. The recessed position of the elevator from the endoscope tip, the promptly delivery of bile samples for mycological analysis and the inconsistency between the species found in buccal smears and bile may speak against contamination artifacts. 
When positive fungal cultures of the bile are obtained it remains controversial under what circumstances antimycotic treatment is indicated. Moreover it is still an open question whether the billary tract is a sterile compartment or not (according to Ascioglu et al[32]). Positive fungal cultures of the bile have to be regarded different from positive findings in stool and buccal smears, as the biliary tract might be primarily regarded as sterile compartment. This assumption is underlined by the fact that previous endoscopic sphincterotomy is an independent risk factor for biliary candidiasis. The question whether the simple presence of candida in bile is part of a systemic infection, colonization or simply contamination could not be answered by our study. Nevertheless, we hope to provide the clinician a direction under which circumstances a positive fungal culture of a bile specimen should be treated.
Most of our study patients were treated by antimycotics after insufficient clinical response to antibiotic treatment alone. This study may also contribute to the awareness of increasing fungal involvement in biliary tract infections and support antifungal treatment in case of unsuccessful antibiotic therapy. However, the treatment arm of our study was not randomized and should be regarded as a feasibility approach. 

 In our study population, Candida hyphae were found in only one patient, and that patient lacked a positive fungal culture from bile. In patients with relevant risk factors for biliary tract infection (e.g.,  primary sclerosing cholangitis, liver transplant recipients), physicians should ask the pathologist to look for signs of invasive fungal infections of the biliary tract. 
Candida antigen testing is not routinely recommended[34]. Nevertheless, serological diagnostic methods seem to be useful in screening high-risk patients and, in combination with risk stratification, may allow early diagnosis of invasive fungal infections[47]. Candida antigen testing may, therefore, be regarded as an additional factor to guide therapeutic decisions and monitor treatment response.

Given the background of our previous published studies[17,24] combined with the experiences gained by the present trial, we suggest a modified diagnostic algorithm for biliary candidiasis to implicate therapeutic decisions (Figure 1). Following Cornely et al[48], positive fungal cultures of bile samples may justify pre-emptive treatment decisions and will be useful in identifying patients, who need antifungal treatment. 

In all patients treated with echinocandins, no adverse events in regard to drug treatment were observed underscoring the safety of this drug - even in a high-risk population. The reason for prolonged hospital stay and shorter TTR in the treatment group may rather lay in the severity of the individual disease than in less effective treatment. Regarding overall survival, three patients without and two patients with biliary candidiasis died within a 2-month follow-up period (P = 0.635). The high-risk collective at three institutions of maximum care may explain the mortality rate of 4% within the study. 

In conclusion, this study underlines the diagnostic utility of microbial bile analysis. Physicians should be aware of possible fungal involvement in cholangitis and other biliary diseases. Especially in patients with risk factors, such as age, previous EST, immunosuppression, and previous long-term antibiotic therapy the suggested algorithm facilitates efficient clinical management.
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Background

Candida and other fungal species play an increasing role in nosocomial infections, not only in pneumonia and blood stream infections, but also in cholangitis and cholangiosepsis. Bile aspiration during endoscopic retrograde cholangiopancreatography and microbiological analysis is a safe and useful diagnostic tool. 
Research frontiers

The authors undertook a prospective multicenter trial to evaluate the clinical impact of microbial analysis of bile fluid in diagnosing biliary candidiasis. Additionally a diagnostic algorithm is suggested to facilitate the clinical management and to improve antimicrobial therapy in patients with cholangitis and involvement of fungal species. 
Innovations and breakthroughs

Candida and other fungal species were frequently detected in patients with biliary disorders. In tertiary centers, high percentages of azole-resistant species should be taken into account when initiating empiric antifungal treatment. Patients’ age and previous endoscopic sphincterotomy were identified as independent risk factors for biliary candidiasis. Additionally, patients with immunosuppression and recent long-term antibiotic therapy tend to be at risk for biliary candidiasis. When fungal species are found in bile samples in case of cholangitis antimicrobial therapy should be expanded to antimycotics, when antibiotics alone do not relieve patient´s symptoms. 
Applications

By establishing antimicrobial analysis of bile fluid in patients with cholangitis, antimicrobial therapy can be individually tailored and may positively impact patient´s outcome. 
Terminology

The suggested diagnostic algorithm for biliary candidiasis facilitates the clinical management of patients who were diagnosed with biliary candidiasis. 

Peer review

This is a prospective multicenter study. The author reported the distribution of Candida spp. in bile, buccal, and stool specimens. They also suggested algorithm facilitating the clinical management. This is an important study.
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Figure 1 Diagnostic algorithm for treatment of biliary candidiasis. The number of treated patients in our study is given in brackets. The histological diagnosis of biliary candidiasis without mycological proof in the bile fluid was added-the initial algorithm. ERCP: Endoscopic retrograde cholangiopancreatography.
Table 1 Baseline characteristics of the study population (n = 127) n (%)
	
	No biliary candidiasis

(n = 89)
	Biliary
candidiasis
(n = 38)
	P value

	Age (mean ± SD), yr
	58.3 ± 15.6
	64.7 ± 15.0
	< 0.05

	Male/female
	52/37
	20/18
	NS

	
	
	
	

	Primary diagnosis
	
	
	NS

	Suspected carcinoma of the biliary tract
	16 (18.0)
	10 (26.3)
	

	Stenosing papilitis 
	11 (12.4)
	3 (7.9)
	

	Carcinoma
	9 (10.1)
	6 (15.8)
	

	PSC
	9 (10.1)
	5 (13.2)
	

	CBD stenosis of unknown origin
	13 (14.6)
	5 (13.2)
	

	Choledocholithiasis
	9 (10.1)
	3 (7.9)
	

	Cholestatic hepatitis
	4 (4.5)
	1 (2.6)
	

	Pancreatitis
	4 (4.5)
	---
	

	Other
	14 (15.7)
	5 (13.2)
	

	
	
	
	

	Indication for ERCP
	
	
	NS

	CBD stenosis
	18 (20.2)
	10 (26.3)
	

	Suspected carcinoma
	15 (16.9)
	8 (21.1)
	

	Carcinoma
	9 (10.1)
	6 (15.8)
	

	Cholestasis
	9 (10.1)
	3 (7.9)
	

	Choledocholithiasis
	8 (9.0)
	1 (2.6)
	

	Cholangitis
	7 (7.9)
	2 (5.3)
	

	PSC
	6 (6.7)
	5 (13.2)
	

	Papilitis stenosans
	4 (4.5)
	---
	

	Pancreatitis
	2 (2.2)
	---
	

	Cholestatic hepatitis
	1 (1.1)
	1 (2.6)
	

	Other
	10 (11.2)
	2 (5.3)
	


ERCP: Endoscopic retrograde cholangiopancreatography; CBD: Common bile duct; NS: Not significant; PSC: Primary sclerosing cholangitis; Other: Ischemic type biliary lesions, stenosis of the biliary anastomosis after liver transplantation, biliary cast syndrome, retroperitoneal fibrosis, iatrogenic injury of the bile duct, suspected primary or secondary sclerosing cholangitis.
Table 2 Laboratory results at the time of intervention (n = 127)
	
	CRP
	Hemoglobin
	Leukocytes
	Thrombocytes
	Bilirubin
	Creatinine
	GGT
	AP
	AST
	ALT
	PCHE
	Lipase

	
	(mg/dL)
	(g/dL)
	(1000/μL)
	(1000/μL)
	(mg/dL)
	(mg/dL)
	(U/L)
	(U/L)
	(U/L)
	(U/L)
	(U/L)
	(U/L)

	Group I
	
	
	
	
	
	
	
	
	
	
	
	

	mean ± SD
	3.9 ± 6.1
	12.2 ± 1.8
	7.9 ± 4.5
	258.5 ± 151.5
	4.0 ± 7.2
	1.1 ± 0.7
	507.6 ± 766.7
	374.4 ±

301.4
	120.0 ±

134.6
	124.0 ±

182.0
	2161.5 ± 3580.3
	196.2 ± 568.1

	Group II
	
	
	
	
	
	
	
	
	
	
	
	

	mean ± SD
	3.9 ± 3.3
	11.6 ± 2.0
	7.6 ± 3.7
	270.6 ± 144.0
	5.1 ± 7.7
	1.2 ± 1.0
	430.1 ± 403.4
	395.8 ± 281.6
	106.8 ± 90.8
	101.1 ± 110.8
	576.4 ± 1144.5
	226.5 ± 623.6

	P
	0.090
	0.090
	0.900
	0.525
	0.341
	0.767
	0.424
	0.722
	0.940
	0.870
	0.501
	0.790


P data generated by Mann–Whitney U test. Group I: Patients without biliary candidiasis, n = 89; Group II: Patients with biliary candidiasis, n = 38. CRP: C-reactive protein; PCHE: Pseudocholinesterase; GGT: Gamma glutamyl transpeptidase; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AP: Alkaline phosphatase.
Table 3 Risk factors for biliary candidiasis n (%)
	Risk factors

	No biliary candidiasis

(n = 89)
	Biliary

candidiasis

(n = 38)
	P value
	Exp(B)
	95%CI

for exp(B)

	Age
	58.3 ± 15.6
	64.7 ± 15.0
	0.036
	1.034
	1.002-1.067

	Malignancy
	20 (22.5)
	15 (39.5)
	0.242
	0.494
	0.152-1.609

	Cholangio-carcinoma
	8 (9.0)
	7 (18.4)
	0.372
	0.497
	0.107-2.310

	
	
	
	
	
	

	Immunosup-pression
	42 (47.2)
	26 (68.4)
	0.058
	0.403
	0.158-1.031

	ICU
	2 (2.2)
	2 (5.3)
	1.000
	
	

	Mechanical ventilation
	2 (2.2)
	1 (2.6)
	1.000
	2.3E+9
	

	
	
	
	
	
	

	Antibiotic therapy
	42 (47.2)
	26 (68.4)
	0.200
	0.530
	0.201-1.399

	Long-term antibiotic therapy 
(> 7 d)
	9 (10.1)
	11 (28.9)
	0.089
	0.354
	0.107-1.170

	
	
	
	
	
	

	Previous 
EST
	51 (57.3)
	25 (65.8)
	0.012
	0.246
	0.082-0.739

	Previous ERCP
	53 (59.6)
	26 (68.4)
	0.574
	1.318
	0.504-3.444

	
	
	
	
	
	


ERCP: Endoscopic retrograde cholangiopancreatography; EST: Endoscopic sphincterotomy; ICU: Intensive care unit.
Table 4 Distribution of fungal species in bile samples, buccal smears and stool samples n (%)
	
	No biliary candidiasis

(n = 89)
	Biliary

candidiasis

(n = 38)
	P value

	Bile samples
	
	
	

	Positive,
	89/127 (70.1)
	38/127 (29.9)
	

	Candida albicans (C. albicans)
	
	23 (60.5)
	

	Candida tropicalis (C. tropicalis)
	
	4 (10.5)
	

	Candida dubliniensis (C. dubliniensis)
	
	1 (2.6)
	

	Candida glabrata (C. glabrata)
	
	6 (15.8)
	

	Candida krusei 
	
	1 (2.6)
	

	C. albicans et glabrata
	
	2 (5.3)
	

	C. albicans et tropicalis
	
	1 (2.6)
	

	Buccal smears
	
	
	

	Positive
	42/89 (47.2)
	28/38 (73.7)
	0.007

	C. albicans
	30 (71.4)
	17 (60.7)
	

	C. tropicalis
	1 (2.4)
	1 (3.6)
	

	C. dubliniensis
	2 (4.8)
	1 (3.6)
	

	C. glabrata
	3 (7.2)
	2 (7.2)
	

	Mixed cultures
	6 (14.3)
	7 (25.0)
	

	Stool samples
	
	
	

	Positive
	24/62 (38.7)
	14/27 (51.9)
	0.489

	C. albicans
	14 (58.3)
	4 (28.6)
	

	C. tropicalis
	1 (4.2)
	1 (7.2)
	

	C. dubliniensis
	1 (4.2)
	1 (7.2)
	

	C. glabrata
	2 (8.3)
	4 (28.6)
	

	Other
	3 (12.5)
	---
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