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Abstract

Background: Factors that determine individual disease course of patients
with primary sclerosing cholangitis (PSC) are poorly understood. Although
an association between gut microbes and disease outcome has been
suggested, little is known about the role of microbes in the biliary tract.
Methods: We analyzed microbial cultures from bile specimens obtained
during routine endoscopic retrograde cholangiopancreatography (ERCP)
and intraoperatively before liver transplantation in 114 patients with PSC in
our tertiary academic center. The presence of bacterial and fungal species
was correlated with clinical characteristics and outcome data.

Results: A total of 87 patients (76%) had positive bile culture results. The pres-
ence of concomitant inflammatory bowel disease (IBD) was associated with pos-
itive bile culture results in multivariate analysis (OR, 4.707; 95% ClI, 1.688—13.128;
p=0.003). Enterococcus spp. in the bile was associated with a more frequent
occurrence of liver transplantation and/or death (OR, 2.778; 95% Cl, 1.147-6.728;
p=0.021) and recurrent (>3) cholangitis episodes (OR, 2.839; 95% CI,
1.037-7.768; p=0.037). Biliary candidiasis was linked to a higher frequency of
recurrent (> 3) cholangitis episodes (OR, 5.677; 95% ClI, 1.940-16.616; p=0.001).
Proton pump inhibitor intake conferred a clinical feature associated with biliary
candidiasis in multivariate analysis (OR, 3.559; 95% Cl, 1.275-9.937; p=0.016).
Conclusions: Our data indicate that in patients with PSC, presence of Enter-
ococcus spp. and Candida spp. in bile is associated with an adverse outcome.
Concomitant IBD is linked to presence of microbes in bile, and proton pump
inhibitor intake is a feature associated with biliary candidiasis in patients with PSC.

Abbreviations: AlH, autoimmune hepatitis; EASL, European Association for the study of Liver disease; ERCP, endoscopic retrograde cholangiography-pan-
creatography; IBD, inflammatory bowel disease; ID, initial diagnosis; INR, international normalized ratio; MALDI-MS, matrix-associated laser desorption/ionization
time-of-flight mass spectrometry; MELD, model of end-stage liver disease; PSC, primary sclerosing cholangitis; PPI, proton pump inhibitor; spp., species.
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BILIARY MICROBIAL PATTERNS IN PRIMARY SCLEROSING CHOLANGITIS

INTRODUCTION

Primary sclerosing cholangitis (PSC) is a chronic inflam-
matory liver disease characterized by biliary inflammation,
multifocal bile duct strictures, and cholestasis. PSC
frequently progresses to end-stage liver disease and is
associated with a significant risk of cancer in the bile ducts
and colon. Up to 80% of patients with PSC suffer
concomitantly from inflammatory bowel disease (IBD).
Currently, no medical treatment with proven benefit on
transplant-free survival is available, and liver transplanta-
tion is the only curative treatment option.[!2]

Although the last decades have shown considerable
advances in the molecular understanding of PSC, many
aspects of its pathogenesis remain poorly understood. It is
generally accepted that the interplay between genetic
susceptibility and environmental factors, such as trans-
mission of bacterial microbes from the gut due to increased
permeability of the portal venous system, contributes to the
pathogenesis and disease progression.> Moreover,
recent experimental data demonstrate that specific gut
microbes such as Kilebsiella pneumonia can disrupt the
epithelial barrier to initiate bacterial translocation and
ameliorate T helper 17 cell responses in the liver, increasing
susceptibility to hepatobiliary injuries.!

Partly related to the difficulty in obtaining bile
samples, data on the role of bacteria colonizing the
biliary tract of patients with PSC are limited. Only very
few clinical studies have focused on the role of
specific, culturable microbes in the bile of patients
with PSC. Analysis of biliary isolates from explanted
livers of patients with PSC and primary biliary
cholangitis revealed bacterial colonization of bile in a
majority of patients with PSC but not in patients with
primary biliary cholangitis.’!" Of note, patients with
PSC with a high load of bacteria had a shorter time to
liver transplantation, which points toward a harmful
effect of bacterial colonization on liver function.”]

The aim of our study was to investigate the association
of microbiological culture results of bile fluid from patients
with PSC, obtained either during endoscopic retrograde
cholangiopancreatography (ERCP) or intraoperatively
before liver transplantation, with clinical outcome in a
large PSC cohort from our tertiary academic liver center.
Furthermore, we explored whether endogenous and
external features are associated with the presence of
pathogens in bile of patients with PSC.

METHODS
Study design and study population

Within our monocentric cohort study, we analyzed bile
fluid culture results in a cohort of 114 patients with
diagnosed PSC who were treated in our hepatology and
gastroenterology unit at Charité - Universitatsmedizin

Berlin from 2000 until August 2022. During the study
period, a total of 402 patients with diagnosed PSC were
treated at our tertiary center. Bile fluid samples were
obtained routinely during ERCP in 103 patients and
intraoperatively before liver transplantation in 11
patients. Only patients with at least 1 endoscopic
intervention with ERCP and available bile culture tests
for bacterial and fungal species were included in the
analysis. Patients with prior liver transplantation were
excluded from the analysis. We included a control
cohort with 50 patients who received bile sampling
before liver transplantation due to other reasons than
PSC (HCC, alcohol-associated liver disease, and
NASH). The 114 patients with PSC who fulfilled the
selection criteria were followed until recently. ERCP
reports of all patients were analyzed and evaluated.
Medical data were extracted from electronic medical
charts. One bile sample result per patient was reported.

Diagnosis of PSC was confirmed in accordance with
the current American College of Gastroenterology guide-
lines, using a combination of clinical, biochemical, and
cholangiographic (magnetic resonance cholangiopancrea-
tography and/or ERCP) features.®-'1 Acute cholangitis
was defined according to the revised Tokyo Guidelines
2018, based on a combination of systemic inflammation
(fever and/or shaking chills, increase of serum C-reactive
protein levels, and abnormal white blood cell counts),
cholestasis (jaundice/abnormal liver function tests), and
imaging (biliary dilatation and evidence of the etiology on
imaging, eg, stricture and stone).2'2 Only cholangitis
episodes requiring i.v. antibiotic treatment and hospital-
ization were considered. For the diagnosis of an overlap
syndrome with autoimmune hepatitis (AIH), simplified
diagnostic criteria for AIH in clinical practice were used.
Diagnosis of hepatobiliary malignancies was confirmed
histologically. A relevant stenosis was defined as a high-
grade biliary stricture in the common bile duct or hepatic
ducts with signs or symptoms of obstructive disease
and/or cholangitis according to current European Associ-
ation for the Study of Liver (EASL) guidelines.? The
diagnosis of liver cirrhosis was based on measurement of
liver stiffness (cutoff >14.4 kPa) or the presence of
(morphological) signs of hepatic decompensation such as
portal hypertension (ascites and esophageal varices)
and/or hepatic encephalopathy.['3'¥ The model of end-
stage liver disease (MELD) was calculated using pub-
lished algorithms.'S) The definition of IBD was based on
endoscopic and histological findings according to
accepted criteria.'! The observation period is defined
as time period after bile sampling for patients who
received ERCP; when samples were obtained in the
context of liver transplantation, it was set to 0. Enter-
obacteriaceae include Escherichia coli, Klebsiella species
(spp.) Enterobacter spp., and Citrobacter spp. Candida
spp. include Candida albicans, Candida dubliniensis,
Candida tropicalis, Candida krusei, Candida kefyr,
and Candida glabrata. Enterococcus species include
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Enterococcus faecalis, Enterococcus faecium, Enterococ-
cus gallinarum, and Enterococcus casseliflavus.

Bile sampling and bile cultivation

Bile cultures were collected from patients during ERCP
and tested for the presence of bacterial and fungal
species. All bile samples during ERCP were obtained
after standardized cannulation of the common bile duct
and before application of contrast media. Endoscopic
interventions were performed by a group of 6 experienced
endoscopists. Initial endoscopic interventions were per-
formed according to the current European guidelines, in
which endoscopic treatment is recommended for patients
who (1) develop clinically relevant or worsening symptoms
such as pruritus, jaundice, and cholangitis; (2) display a
fast rise in cholestatic enzyme levels; or (3) present with a
new dominant stricture or progression of existing domi-
nant strictures identified at magnetic resonance cholan-
giopancreatography imaging.l®'?) After initial intervention,
follow-up ERCP procedures were performed in regular
intervals for follow-up treatment of biliary strictures.

During the ERCP procedures, bile fluid was drawn into
a sterile syringe and delivered to the microbiology
laboratory within 2 hours. In patients undergoing liver
transplantation, bile samples were taken intraoperatively
from the common bile duct after hepatectomy. Bile
specimens were processed in the clinical microbiology
laboratory using routine methods. Basically, specimens
were cultivated on conventional solid media and incu-
bated in aerobic and anaerobic atmospheres at 37 °C.
Aerobic microorganisms were routinely identified using
the VITEK 2 System (bioMérieux, France) or matrix-
associated laser desorption/ionization time-of-flight mass
spectrometry (MALDI-MS; Bruker, MA, before 2011, or
bioMérieux, France, since 2011), and anaerobic bacteria
were identified by MALDI-MS.

Antibiotic treatment

All patients with PSC undergoing ERCP received peri-
interventional antibiotics. The standard regimen in our
institution was i.v. administration of a single dose (2 g)
of ceftriaxone about 30 minutes before each procedure.
If required, antibiotic regimen was adapted according to
previous bile culture results. In case of known allergies,
ciprofloxacin or ampicillin/sulbactam was used. Before
liver transplantation, patients received antibiotic pro-
phylaxis with ceftriaxone and metronidazole.

Statistical analysis

Categorical data were described as frequency and
percentage. Continuous data were evaluated for normal

distribution using histogram and Q-Q plot and are reported
as median and range. Frequencies were compared using
¥ test or Fisher exact test, where appropriate. To identify
factors that are associated with positive bile culture and
biliary candidiasis results, we performed univariable and
multivariable binary logistic regression analyses, respec-
tively. We included the following factors: sex, presence of
IBD, presence of AlIH, age at initial diagnosis of PSC,
proton pump inhibitor (PPI) intake, and number of ERCPs.
Categorical variables were described as frequency and
percentage. All statistical analyses were performed with
SPSS (Version 26.0. Armonk, NY: IBM Corp). A p-value
of < 0.05 was considered statistically significant (*p <
0.05; **p < 0.01; ***p < 0.001).

Consent

The study protocol was reviewed and approved by the
ethics committee of the Charité — Universitatsmedizin
Berlin (ethical approval number EA1/142/21; EA1/416/
20) and was done in accordance with the Declaration of
Helsinki and Istanbul. The need for informed consent
was waived for this observational study.

RESULTS
Patient cohort characteristics

Our cohort included 114 patients with confirmed PSC. A
total of 103 patients received bile sampling during ERCP,
and 11 patients received bile sampling intraoperatively
before liver transplantation with testing for the presence of
bacterial and fungal species. The median age of patients
with PSC at the time of bile analysis was 42 years
(18—74). Overall, 30% of the patients (n = 34) were
female and 70% (n = 80) were male. A total of 83
patients (73%) suffered concomitantly from IBD; among
these, 67 patients (81%) had ulcerative colitis and 14
patients (12%) had a diagnosis of Crohn disease, while 2
patients (2%) showed evidence of indeterminate colitis. A
relevant biliary tract stenosis was present in 105 (92%)
patients. The median number of performed ERCPs per
patient was 5 (1-6). A total of 18 (16%) patients suffered
from an acute cholangitis episode at the time of bile
sampling. Overall, 5 patients (4%) already suffered from
cholangiocarcinoma before bile sample collection. Further
baseline patient and ERCP characteristics of the PSC
cohort are shown in Table 1.

Distribution of detected pathogens in bile
samples of patients with PSC

The collected bile samples were tested for the presence
of bacterial and fungal species. Positive bile cultures
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were obtained from 87 patients (76%). The median
number of isolated bacteria or fungi per patient was 1
(0-6). In 42 patients (37%), only 1 pathogen was
isolated, while in 45 patients (40%), multiple pathogens
were detected. Enterococcus spp. (n = 42; 37%) were
the most prevalent bacteria, followed by Enterobacter-
iaceae spp. (n = 28; 25%). Streptococcus spp. and/or
Staphylococcus spp. were isolated in 31 patients (27%).
Candida spp. were identified in bile cultures of 22 (19%)
patients (Table 2). In a next step, we analyzed bile
samples of 50 patients who received bile sampling
before liver transplantation for reasons other than PSC
(NAFLD, alcohol-associated fatty liver disease, and
HCC). Microbial analysis revealed positive bile culture
results in only 12% (6/50) (Supplemental Table S1,
http://links.lww.com/HC9/A288).

Outcome analysis

Positive bile cultures are linked to an adverse
outcome

During the observation period, 22 patients (19%)
received a liver transplant and 5 patients (4%) died
from a liver-related cause. Recurrent cholangitis epi-
sodes (ie, >3 episodes with the necessity of hospital-
ization and i.v. antibiotic treatment) occurred in 19
patients (17%) (Figure 1). Of the patients with positive
bile cultures, 28% (n = 24) received liver transplants
and/or died from a liver-related cause, while the
proportion of patients with negative culture was 11%
(n = 3) (OR, 3.048; 95% ClI, 0.840-11.061; p = 0.079
(Supplemental Figure S1A, http://links.lww.com/HC9/
A288, Supplemental Table S2, http://links.lww.com/
HC9/A288). Patients with positive bile culture results
suffered significantly more often from recurrent (> 3)
cholangitis compared with patients with negative bile
cultures (OR, 6.783; 95% CI, 0.861-53.406; p = 0.039)
(Supplemental Figure S1B, http://links.lww.com/HC9/
A288, Supplemental Table S2, http:/links.lww.com/
HCO9/A288). Overall, 56% (n = 49) of patients with
positive bile culture results suffered from at least 1
episode with cholangitis, which was significantly more
frequent as compared with patients with negative bile
cultures (OR, 5.674; 95% ClI, 1.967-16.367; p = 0.001)
(Supplemental Figure S1C, http://links.lww.com/HC9/
A288, Supplemental Table S2, http://links.lww.com/
HC9/A288).

Presence of enterococcus spp. in bile is linked
to adverse outcome

We next analyzed which specific microbes were linked to
an unfavorable outcome with respect to liver trans-
plantation and/or death as well as recurrent cholangitis

TABLE 1 Patient characteristics
PSC cohortn = 114
Sex, n (%)

Female 34 (30)
Male 80 (70)
Median age at initial diagnosis (range) 30 (10-67)
Median age at time of bile sampling 42 (18-74)

(range)
Overlap syndrome with AlH, n (%) 14 (12)
Presence of IBD, n (%) 83 (73)
Ulcerative colitis 67 (81)
Crohn disease 14 (12)
Colitis indeterminate 2(2)
Liver cirrhosis, n (%) 48 (42)
Cholangiocarcinoma at the time of bile 5 (4)
sampling, n (%)
Relevant stenosis, n (%) 105 (92)
Proton pump inhibitor intake at the time 29 (25)
of bile sampling, n (%)
Immunosuppressive treatment at the 31 (27)
time of bile sampling®, n (%)
Immunosuppressants® 22 (19)
Biologicals® 9 (8)
Cortisone (oral) 9 (8)
Cholangitis episode at the time of 18 (16)

sampling, n (%)

Median baseline laboratory parameters —
at the time of sampling (range)

Median bilirubin [mg/dL] (range) 1.2
Median ALT [U/L] (range) 75
Median AST [U/L] (range) 64
Median ALP [U/L] (range)
Median GGT [U/L] range)
Median creatinine [mg/dL] (range)

Median INR (range)
Median MELD (range)

(0.15-33)

(14-954)

(12-1165)

263 (15-1565)
224 (12-1908)

0.78 (0.44-2.12)
1.1 (0.88-3.69)

8 (6-32)

Note: Data are represented as n (%) of patients, unless indicated otherwise. The
percentages were rounded and may not sum to 100%.

Laboratory reference values: bilirubin < 1.2 mg/dL, ALT < 31 U/L, AST 35 UL,
ALP 35-105 U/L, GGT 5-36 U/L, creatinine 0.5-0.96 mg/dL, and INR 0.9-1.25
2Patients using at least 1 immunosuppressant/biological (with/without simulta-
neous cortisone intake) are included.

PImmunosuppressants: azathioprine (n = 14), tacrolimus (n = 3), mycophe-
nolate mofetil (n = 2), and tofacitinib (n = 4). One patient received azathioprine
and mycophenolate mofetil.

°Biologicals: adalimumab (n = 1), vedolizumab (n = 6), ustekinumab (n = 1),
golimumab (n = 1).

Abbreviations: ALT, alanine transaminase; ALP, alkaline phosphatase; AST,
aspartate aminotransferase; AlH, autoimmune hepatitis; ERCP, endoscopic
retrograde cholangiopancreatography; GGT, gamma-glutamyl transferase; IBD,
inflammatory bowel disease; INR, international normalized ratio; MELD, Model
for End-Stage Liver Disease.

episodes (Figure 2). Our data revealed that presence of
Enterococcus spp. in bile was linked to a higher rate of
liver transplantation and/or liver-related death as well as
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TABLE 2 Distribution of detected pathogens in bile samples of
patients with PSC
PSC cohort
n = 114, n (%)

Median no. bacterial/fungal isolates per 1(0-6)
patients (range)

No. patients with positive cultures 87 (76)
Enterobacteriaceae® 28 (25)
Enterococcus spp.” 42 (37)
Candida spp.© 22 (19)

Other Streptococcus spp. and/or 31 (27)
Staphylococcus spp.)°
Other Streptococcus spp. 25 (22)
Staphylococcus spp. 10 (9)

Only 1 pathogen isolated 42 (37)

Multiple (> 2) pathogens isolated 45 (40)

Note: Data are n (%) of patients, unless indicated otherwise. Primary sclerosing
cholangitis (PSC); species (spp.).

2Enterobacteriaceae include Escherichia coli, Klebsiella spp, Enterobacter spp.,
and Citrobacter spp.

°Enterococcus spp. include Enterococcus faecalis, Enterococcus faecium,
Enterococcus gallinarum, and Enterococcus casseliflacus.

°Candida spp. include Candida albicans, Candida dubliniensis, Candida tropi-
calis, Candida krusei, Candida kefyr, and Candida glabrata.

9Other Streptococcus andfor Staphylococcus include Staphylococcus haemo-
Iyticus, Staphylococcus aureus, Staphylococcus lentus, Staphylococcus
epidermidis, Streptococcus parasanguinis, Sreptococcus salivinarius, Strepto-
coccus sanguinis, Streptococcus mitis, Streptococcus oralis, Streptococcus
cristatus, and Streptococcus anginosus.

recurrent cholangitis episodes. A total of 27 patients
(24%) received a liver transplant or died from liver-related
causes. Of these, 15 patients revealed Enterococcus
spp. in bile (OR, 2.778; 95% Cl, 1.147-6.728; p=0.021)
(Figure 3A, Supplemental Table S1, http:/links.lww.com/
HCO/A288). Interestingly, presence of Enterococcus spp.
in bile was associated with occurrence of recurrent (> 3)
cholangitis episodes (26% (n = 11); OR, 2.839; 95% Cl,

1.037-7.768; p=0.037) (Figure 3B, Supplemental Table
S1, http://links.lww.com/HC9/A288).

Previous studies have reported an association
between presence of Enterobacteriaceae spp. in bile
with a poorer outcome.['8! In contrast, we did not find an
association with a shorter transplant-free survival, which
might be related to the small number of patients in this
subgroup. However, we found a strong (but not
significant) association between Enterobacteriacae
spp. in bile and recurrent cholangitis episodes (>3)
(OR, 2.727; 95% CI, 0.968-7.683; p=0.052) (Supple-
mental Table S1, http://links.lww.com/HC9/A288).

Patients with Candida spp. in bile were
associated with recurrent cholangitis episodes

Analysis of patients with Candida spp. in bile revealed a
higher frequency of cholangitis episodes in this subgroup.
Remarkably, 96% of patients with biliary candidiasis
suffered from at least 1 cholangitis episode (OR, 37.545;
95% CI, 4.829-291.891; p<0.001), and over 40%
suffered from recurrent episodes (> 3) (OR, 5.677; 95%
Cl, 1.940-16.616; p=0.001). Although the proportion of
patients who received a liver transplant and/or died from a
liver-related cause was similarly high for Candida spp. as
for Enterococcus spp., it did not reach statistical
significance in patients with Candida spp., likely due to
their overall low numbers (Figure 3C, D, Supplemental
Table S1, http:/links.lww.com/HC9/A288).

We thus combined patients positive for Enter-
ococcus spp. and/or Candida spp. and confirmed a
significantly higher occurrence of liver transplantation
and/or liver-related death [18 (33%), OR, 2.703; 95%
Cl, 1.092—-6.688; p=0.028]. Moreover, the presence of
either Enterococcus spp. and/or Candida spp. in bile
was linked to a higher frequency of developing

Final cohort
n=114

Liver transplant and/or death: 27 (24%)

= Liver transplant: 22 (19%)

= Liver-related death: 5 (4%)

Recurrent cholangitis episodes (2 3): 19 (17%)
= 21 cholangitis episode: 54 (48%)

\

Positive Culture
n=87 (76%)

Liver transplant and/or death: 24 (28%); p=0.079

= Liver transplant: 19 (22%)

= Liver-related death: 5 (6%)

Recurrent cholangitis episodes (2 3): 18 (21%): p=0.039
= 21 cholangitis episode: 49 (56%); p=0.001

Negative Culture
n=27 (24%)

Liver transplant and/or death: 3 (11%); p= 0.079

= Liver transplant: 3 (11%)

= Liver-related death: 0

Recurrent cholangitis episodes (2 3): 1 (4%); p=0.039
= 21 cholangitis episode: 5 (19%): p=0.001

| [ \ [

Enterobacteriaceae
n=28 (32%)

Enterococcus spp.
n=42 (48%)

Candida spp.
n=22 (25%)

Other Streptococcus spp. and/or
Staphyloccous spp.
n=31 (36%)

FIGURE 1

Flowchart with overview of outcome parameters of the total cohort and subcohorts. The p-values are based on the Pearson y? test.

Significant results (p < 0.05) are underlined and shown in bold type. Abbreviation: spp., species.
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__| Enterobacteriateae
n=28 (25%)

Liver transplant and/or death: 7 (25%)

= Liver transplant: 6 (21%)

* Liver-related death: 1 (4%)

Recurrent cholangitis episodes (= 3): 8 (29%)

= 21 cholangitis episode: 17 (61%)

Enterococcus spp.

Liver transplant and/or death: 15 (36%); p=0.021
= Liver transplant: 12 (29%)
= Liver-related death: 3 (7%)
Recurrent cholangitis episodes (2 3):

11 (26%); p=0.037

= 21 cholangitis episode: 23 (55%)

- 0,
Positive =42 (37%)
bile
cultures
n=87
(76%)
Candid.

spp.
n=22 (19%)

Liver transplant and/or death: 8 (36%); p=0.119

= Liver transplant: 7 (32%)

= Liver-related death: 1 (5%)

Recurrent cholangitis episodes (= 3): 9 (41%); p=0.001

= 21 cholangitis episode: 21 (96%); p<0.001

Enterococcus spp.
— and/or Candida spp.
n=55 (48%)

Liver transplant and/or death: 18 (33%); p=0.028

= Liver transplant: 14 (26%)

= Liver related death: 4 (7%)

Recurrent cholangitis episodes (2 3)*: 16 (29%): p<0.001

= 21 cholangitis episode: 35 (64%);p<0.001

FIGURE 2

Flowchart with overview of outcome parameters of particular pathobionts. The p-values are based on the Pearson y? test.

Significant results (p < 0.05) are underlined and shown in bold type. Abbreviation: spp., species.

recurrent cholangitis episodes (> 3) (OR, 7.658; 95%
Cl, 2.089-28.075; p=0.001). Overall, 64% of patients
with Enterococcus spp. and/or Candida spp. devel-
oped at least 1 episode of cholangitis (OR, 3.684; 95%
Cl, 1.698-7.994; p=0.001) (Supplemental Figure
S2A-C, http://links.lww.com/HC9/A288, Supplemental
Table S1, http://links.lww.com/HC9/A288).
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FIGURE 3

Identification of patient features that are
linked to positive bile cultures

We next aimed to identify features associated with
positive bile cultures and therefore analyzed various
factors such as age at initial diagnosis, sex, liver
cirrhosis, presence of concomitant diseases (IBD,
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Presence of Enterococcus spp. is associated with poorer transplant-free survival and recurrent cholangitis episodes. (A) and (B)

demonstrate the link between presence of Enterococcus spp. in bile and occurrence of liver transplant and/or liver-related death (OR, 2.778; 95%
Cl, 1.147-6.728; p = 0.021) (A) and recurrent cholangitis episodes (>3) (OR, 2.839; 95% Cl, 1.037-7.768; p = 0.037) (B). No significant
correlation was found between biliary candidiasis and liver transplant and/or liver-related death (OR, 2.195; 95% ClI, 0.804-5.996; p = 0.119) (C).
There was a strong correlation between biliary candidiasis and recurrent cholangitis episodes (> 3) (OR, 5.677; 95% Cl, 1.940-16.616; p < 0.001)
(D). A p-value < 0.05 was considered significant. Abbreviation: spp., species.
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TABLE 3 Clinical characteristics and OR for positive bile culture results
Parameter No. patients, n (%) P OR (95% CI)
Sex
Female 27 (31 0.612 1.286 (0.486-3.403)
Male 60 (69 — —
Age >30 y at initial diagnosis 45 (52 0.835 1.098 (0.456-2.640)
Overlap syndrome with AlH 10 (12 0.646 0.747 (0.214-2.605)
Immunosuppressant/biological intake 24 (28 0.865 1.088 (0408-2.902)
Inflammatory bowel disease 69 (79) 0.005 3.560 (1.424-8.896)
Proton pump inhibitor intake 23 (26) 0.660 1.258 (0.451-3.505)
>2 ERCPs per patient 81 (93) 0.928 1.080 (0.205-5.691)
Relevant stenosis 78 (90) 0.082 NA

Note: Significant results (p < 0.05) are shown in bold type.

Abbreviations: AlH, Autoimmune hepatitis; ERCP, endoscopic retrograde cholangiopancreatography.

AlH), presence of relevant stenosis, and medication
intake (Table 3).

Concomitant IBD is a feature associated with
positive bile cultures

Overall, 79% of patients with a positive bile culture result
suffered concomitantly from IBD. Remarkably, we found
a significant association between both factors (OR,
3.560; 95% CI, 1.424-8.896; p=0.005) (Table 2A).
Multivariable logistic regression analysis including age
at initial diagnosis, sex, presence of IBD, and number of
performed ERCPs as potential confounders confirmed
the presence of IBD as an independent factor that is
linked to positive bile culture results (OR, 4.707; 95% ClI,
1.688-13.128; p=0.003). Our data revealed no signifi-
cant impact of age at initial diagnosis (OR, 1.018; 95%
Cl, 0.983-1.054; p = 0.323) or sex (OR, 1.394; 95% Cl,
0.484-4.018; p=0.538) on the presence of pathogens in
bile cultures of patients with PSC (Figure 4A,
Supplemental Table S3, http://links.lww.com/HC9/A288).

Identification of features associated with
bacteriobilia and biliary candidiasis in
patients with PSC

Features associated with bacteriobilia

Since different approaches are necessary to treat
bacteriobilia and biliary candidiasis, we next subdivided
our cohort of patients with positive bile cultures to
identify confounders for bacteriobilia in bile and for
biliary candidiasis, respectively.

In 71% of patients (n=81), different species of
bacteria could be identified in bile. Contrary to previous
reports, no association between age at initial diagnosis
and bacteriobilia could be found (Table 3). However,
subgroup analysis of patients with bacteriobilia revealed
a significant association between the presence of

Enterococcus spp. in bile and age at initial diagnosis
(OR, 2.667; 95% ClI, 1.201-5.919; p=0.015) (Supple-
mental Table S4, http://links.lww.com/HC9/A288).

Furthermore, no association between bacteriobilia and
sex, presence of concomitant diseases such as AIH and
IBD, PPl intake, presence of relevant stenosis, or a higher
number of ERCPs could be detected (Supplemental Table
S4, http://links.lww.com/HC9/A288).

Features associated with biliary candidiasis

PPI intake is associated with biliary candidiasis: As
described above, presence of Candida spp. in bile was
associated with a poorer outcome. Next, we performed
further analysis to identify clinical features associated
with biliary candidiasis. PPI intake was associated with
the presence of biliary candidiasis (OR, 4.111; 95% ClI,
1.540-10.972; p=0.003) (Table 4). Overall, 50% of
patients with biliary candidiasis used PPIs at the time of
bile sampling compared with 20% in the group without
the presence of Candida spp. (Figure 4B). Multivariable
binary logistic regression analysis validated this finding
by demonstrating that PPl intake is a feature associated
with biliary candidiasis with an HR of 3.559 (95% CI,
1.275-9.937; p=0.015) (Supplemental Table S5, http://
links.lww.com/HC9/A288). We did not find a link
between biliary candidiasis and sex, age at initial
diagnosis, presence of concomitant diseases such as
AIH and IBD, presence of relevant stenosis, and a
higher number of ERCPs (Table 4).

DISCUSSION

Here, we investigated the association of bacterial or
fungal occurrence in bile fluid of patients with PSC with
the clinical characteristics and outcome. Our results
indicate that bacteriobilia and fungobilia are associated
with an unfavorable outcome. We identified the
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FIGURE 4 Presence of IBD is associated with positive bile culture results, and PPl intake is linked to biliary candidiasis. Presence of IBD is
significantly associated with presence of microbes in bile (OR, 3.560; 95% ClI, 1.424-8.896; p = 0.005) (A). PPI intake was significantly
associated with biliary candidiasis (OR, 4.111; 95% CI, 1.540-10.973; p = 0.003) (B). A p-value < 0.05 was considered significant. Abbreviations:
IBD, inflammatory bowel disease; PPI, Proton pump inhibitor; spp., species.

presence of concomitant IBD as a feature associated
with the presence of pathogens in bile of patients with
PSC and revealed that PPI intake is linked to biliary
candidiasis.

Our data demonstrate that the presence of Enter-
ococcus spp. in bile samples of patients with PSC is
associated with a poorer outcome regarding recurrent
cholangitis episodes and a higher frequency of liver
transplantation and/or liver-related death. Notably, this
finding is in line with recent PSC patient data from
another high-volume tertiary liver center in Germany, in
which bile samples obtained during routine ERCP were
collected and analyzed.!'8! However, the authors used a
different study design by excluding all patients with
acute cholangitis episodes and recent antibiotic use.
Moreover, contrary to our procedure guidelines, they
applied antibiotic prophylaxis after obtaining bile
samples.['¥! Despite the 2 different approaches, both
studies identified a connection between Enterococcus

spp. and disease progression. This is also reflected by
emerging data from mechanistic studies, which dem-
onstrated that bacterial microbes such as E. faecalis,
the most common identified genus in bile culture
studies, and E. gallinarum, induce a T helper cell type
17 immune response in patients with PSC.[3.20.21]
Because of its production of matrix metalloproteinases
such as gelatinase, E. faecalis contributes to mucosal
inflammation and an impaired intestinal barrier.20-23] Of
note, microbial dysbiosis characterized by high Enter-
ococcus abundance is linked to an increase in the
potentially cancerogenic and proinflammatory bile acid
taurolithocholic acid.?) These data along with our
findings should prompt further research to investigate
the pathogenic role of Enterococcus spp. For develop-
ment and progression of PSC. Targeting Enterococcus
spp. might represent a promising therapeutic strategy
for PSC. In this context, studies including oral vanco-
mycin treatment, which is highly effective against

TABLE 4 Clinical characteristics and OR of patients with bacteriobilia and biliary candidiasis

Bacteriobilia (n = 81)

Biliary candidiasis (n = 22)

No. patients, No. patients,
n (%) OR (95% Cl) P n (%) OR (95% CI) P

Sex

Female 26 (32) 2.364 (0.263-21.271)  0.430 8 (36) 1.451 (0.544-3.865) 0.455

Male 55 (68) — — 14 (64) — —
Age at ID (>30y) 44 (54) 4.757 (0.509-44.436) 0.136 11 (52) 1.030 (0.398-2.663) 0.952
Overlap with AIH 9 (11) 0.625 (0.065-5.966) 0.681 3 (14) 1.163 (0.295-4.580) 0.829
Inflammatory bowel 64 (79) 0.753 (0.082-6.882) 0.801 17 (77) 1.339 (0.448-4.006) 0.600

disease
Proton pump inhibitor 21 (26) 0.700 (0.119-4.104) 0.691 11 (50) 4.111 (1.540-10.973)  0.003

use
Relevant stenosis 72 (89) NA 0.389 19 (86) 0.442 (0.101-1.926) 0.266
>2 ERCPS per patient 75 (93) NA 0.490 22 (100) NA 0.151

Note: Significant results (p < 0.05) are shown in bold type.
Abbreviations: AlH, autoimmune hepatitis; ERCP, endoscopic retrograde cholangiopancreatography;

ID, initial diagnosis.
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gram-positive bacteria such as Enterococcus spp.,
have already shown some promising effects such as
biochemical improvement.[24.251 However, another study
could not confirm this beneficial effect.l28] Whether oral
vancomycin is indeed sufficient to efferently target
biliary enterococci is not clear. Bacteriophages are
another promising therapeutic agent to target particular
pathobionts. Remarkably, combined phage-based treat-
ment against Klebsiella pneumoniae was recently used
in IBD models.[2]

In addition to bacterial infections common for PSC,
fungal infections appear to be associated with a poor
prognosis. We detected Candida spp. in 19% of all
patients, which is in line with previous studies.['8:28]
These patients showed markedly increased rates of
recurrent cholangitis episodes and higher rates of liver
transplantation and/or death, although this parameter
did not reach statistical significance, likely due to low
patient numbers. Our data are in line with previous
clinical studies, which have shown an influence of
Candida spp. on outcome.l'828.29 |n addition, some
experimental studies indicate high Th17 cell response
in patients with Candida albicans, although further
mechanistic studies are required.33% |t still needs to
be explored if biliary candidiasis is the cause of poorer
outcome or simply an epiphenomenon showing
advanced PSC with recurrent complications. Therefore,
at present, it is unclear whether and how patients with
PSC and biliary candidiasis will benefit from antifungal
treatment. Indeed, antifungal medication can aggravate
liver damage, making it even more important to prevent
biliary candidiasis in these patients. Up to now, studies
investigating biliary candidiasis in liver disorders have
not analyzed the effect of PPI intake.[283" Thus, to our
knowledge, our data are the first to reveal PPI intake as
a feature associated with biliary candidiasis in patients
with PSC. In line with our findings, a higher risk for
various infections has already been reported in patients
with prolonged PPI intake.®2 This higher risk for
infection has been explained by bacterial overgrowth
in the intestine, resulting in increased bacterial trans-
location and migration of bacteria through the portal
vein into the liver.33-3% |n addition, acid-suppressive
therapy is known to alter immune defense mechanisms
through impaired production of the neutrophil extrac-
ellular and intracellular oxygen intermediates necessary
for bactericidal effects and reduced expression of
adhesion molecules, thereby attenuating endothelial-
leukocyte interactions.[8:37] Accordingly, several stud-
ies have detected Candida spp. overgrowth in duodenal
aspirates, gastric juice, and jejunal fluid on PPI
treatment.[33:38-401 Moreover, PPI intake has been
proposed as a risk factor for Candida esophagitis in
immunocompetent individuals, and case-controlled
studies have indicated that chronic PPl use might
be a predisposing factor to Candida-associated

intra-abdominal infections.'42 PPIs are widely used
drugs in clinical practice, and the rate of inappropriate
prescriptions without indication is high. Our data
implicate that particularly in patients with PSC, a critical
evaluation of the indication for PPI is necessary to avoid
biliary candidiasis and further disease progression.

We identified an association between the presence
of concomitant IBD and positive bile culture results. A
possible explanation for this finding could be the
previously reported higher number of biliary strictures
in patients with PSC-IBD.#3441 However, in our study,
we only found a trend toward an association between
the presence of relevant stenosis and positive bile
cultures. Reasons for the absence of a significant
association might be the overall high proportion of
patients with relevant strictures in our cohort (90%).
Another explanation for the association between IBD-
PSC and positive bile culture might be the intake of
immunosuppressants in patients with IBD, which makes
these patients more susceptible for bacterial coloniza-
tion. Since all patients were treated at a single center,
confirming the results in a multicenter study would
greatly strengthen the data. The low patient numbers
included in different subgroup analyses might have
masked existing differences between these groups.
Moreover, culture-based techniques as opposed to 16S
ribosomal RNA (rRNA) analysis have limitations for
identifying bacterial and fungal composition of bile.
However, our results are in line with findings from
studies including 16S rRNA analysis.2% Furthermore, it
should be noted that a substantial number of patients
with PSC treated at our tertiary liver center do not fulfill
the criteria for ERCP. Thus, our patient cohorts might
include rather patients with higher disease activity
compared with the general/average PSC population.

Collectively, the present study demonstrates that
presence of Enterococcus spp. and/or Candida spp. in
patients with PSC is associated with an adverse
outcome. We identified the presence of concomitant
IBD as a clinical feature associated with positive bile
cultures in patients with PSC and revealed that PPI
intake is linked to biliary candidiasis. The exact
pathogenic role of specific bacteria and their virulence
factors for the initiation and progression of PSC should
be investigated in the future. Our data warrant the
initiation of prospective trials to explore how the
presence and the eradication of specific pathogens in
bile will affect the course of disease in patients
with PSC.
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