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Abstract

Inflammation and fibrosis of the bile ducts are the defining
pathological characteristics of primary sclerosing cholangitis
(PSC). A previously unexplored mechanism for recurrent
cholangitis, one of PSC’s most common presentations, is
bacterial colonization of the biliary epithelium in the form of
biofilm, which may confer resistance to antibiotics and host
phagocytic machinery. The aim of the current study was to
assess whether bacteria could be seen on the liver explant
and whether they organized in the form of biofilm. An
explanted PSC liver from a 60-year-old male who suffered
from recurrent cholangitis was formalin-fixed, paraffin-
embedded and Gram stained. The specimens were observed
under light microscopy. Neither bacteria nor biofilm were
detected. We did not detect bacteria or biofilm in the liver
explant of a single PSC patient with recurrent cholangitis
using standard light microscopy. We suspect this may be in
part due to techniques related to tissue preservation and
microscopy.
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Introduction

Primary sclerosing cholangitis (PSC) is a liver disease defined
by inflammation, fibrosis and stricture of the intra- and
extrahepatic bile ducts.1 It is a leading indication for liver
transplantation in adults, despite its relatively low prevalence
of 1–15 per 100,000 people.1 A subset of patients with PSC

experience fever, right upper quadrant pain and jaundice.2

While these symptoms may resolve without specific treat-
ment, a proportion of patients have repeated cholangitis
with positive bacterial or fungal cultures from blood or bile,
despite antibiotic therapy.3

In the context of liver transplant allocation, the most
current definition of recurrent bacterial cholangitis includes
the following criteria: 1. at least two episodes of culture-
proven, non-iatrogenic cholangitis during a 6-month period;
2. cholangitis episodes that have occurred despite recent or
active treatment with antibiotics; 3. single episode of chol-
angitis with severe sepsis-related complications.2 This unique
syndrome of recurrent bacterial cholangitis in PSC is an
accepted indication for liver transplantation, regardless of
whether or not advanced liver failure is present.4

A previously unexplored explanation for the recurrent
nature of cholangitis in PSC is chronic bacterial colonization
of the biliary epithelium in the form of biofilms. It is now
widely accepted that most bacteria in nature live in “sessile”
communities surrounded by a glycocalyx matrix. Such
arrangement, in contrast to the planktonic (single cell) form
of existence, is associated with a distinctive bacterial pheno-
type that confers resistance to antibiotics and contributes to
the host’s phagocytic machinery.5

We herein describe a case of a PSC patient with recurrent
bacterial cholangitis who underwent successful liver trans-
plantation. The primary aim was to assess whether bacteria
could be “seen” on the liver explant and whether they
organized in the form of biofilm.

Case report

A 60-year-old white male with PSC diagnosed 15 years ago
presented with fever, chills, right upper quadrant abdominal
pain and disorientation. In the past 2 years, he had been
hospitalized with similar symptoms more than six times. His
medical co-morbidities included Crohn’s disease managed by
mesalamine, peptic ulcer disease and Type II diabetes. He
had focal noncaseating granulomas on his ileum and colon
biopsies without active inflammation. His cirrhosis was com-
plicated by mild jaundice and encephalopathy. His cholangio-
gram showed diffuse biliary strictures and choledocholithiasis
without a dominant stricture.
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During episodes of abdominal pain, fevers and chills,
carbapenem-resistant Eschericheria coli and Enterococcus
faecium grew from blood cultures on multiple occasions. In
contrast, growth from biliary cultures was always polymicro-
bial, including E, coli, Enterococcus faecalis and E. faecium,
Stenotrophomonas maltophilia, Staphylococcus aureus, Cor-
ynebacterium amycolatum and yeast. In addition to antibiot-
ics, treatment for his cholangitis included sphincterotomy,
common bile duct dilation and stenting. Usually, his symp-
toms would improve temporarily after each ERCP. Despite
having undergone internal-external biliary duct drainage
several months before his transplant, he continued to expe-
rience culture-positive cholangitis and sepsis.

At the time of liver transplant, the patient’s model for end-
stage liver disease (commonly known as MELD) score was 14
(total bilirubin: 2.5 mg/dL, creatinine: 0.56 mg/dL, interna-
tional normalized ratio: 1.5), with additional points approved
for recurrent cholangitis. According to the surgeon, pus was
oozing from the liver at the time of hepatectomy. On post-
operative day 4, the patient developed daptomycin-resistant
enterococcus bacteremia, which was treated successfully with
linezolid. The source was unknown. At the time of this writing
(1 year after transplant), the patient was clinically well.

Pathological description

Gross examination of the explanted liver demonstrated
nodular distortion of the parenchyma, consistent with cirrho-
sis. Thirteen representative sections of the liver explant
(from segments 2, 4 and 8, the caudate lobe and the hilum)
were submitted for histological evaluation. Microscopy was

significant for patchy bile duct loss (Fig. 1A) and nodular for-
mation (Fig. 1B), consistent with the patient’s history of PSC-
associated cirrhosis. Some of the large bile ducts had large
collections of neutrophils (Fig. 1C), and the bile duct epithe-
lium showed active cholangitis (Fig. 1D). Light microscopy on
Gram-stained, formalin-fixed and paraffin-embedded explant
blocks did not show any bacteria, fungi or biofilm.

Discussion

Since Hoffman described the first official case of primary
sclerosing cholangitis in 1867,6 its pathogenesis remains
incompletely understood. While inflammation and fibrosis of
the biliary tree are the defining pathological characteristics,
the resulting biliary strictures are not always associated with
true bacterial cholangitis. Among patients listed for liver
transplantation for PSC, only one-fifth had two or more epi-
sodes of cholangitis.7,8 To our knowledge, no study has exam-
ined factors associated with recurrent bacterial cholangitis in
PSC patients.

Based on physio-anatomical considerations and culture
results, the gastrointestinal tract is the most likely source of
infectious organisms in PSC-associated cholangitis. How
exactly enteric organisms gain “entry” into bile, however, is
unclear. The disease’s unique association with inflammatory
bowel disease makes the portal vein a potential route, as
bacteria translocate across an inflamed gastrointestinal tract.
While animal studies have established portal vein as a route of
bacteria entry into bile,9 in the most carefully performed
human study to date, surgical sampling of colitis patients
without PSC failed to show portal venous bacteremia.10

Fig. 1. (A) Portal tract with preserved vascular structures, without accompanying bile duct, consistent with the patient’s diagnosis of PSC; H&E stain,
1003. (B) Trichrome stain highlights cirrhotic liver parenchyma; MT stain, 1003. (C) Bile duct with numerous intraepithelial neutrophils (arrows); H&E
stain, 4003. (D) Large bile duct with intraluminal collections of neutrophils; H&E stain, 1003.
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In Asian patients with recurrent pyogenic cholangitis com-
monly associated with hepatolithiasis and clonorchis infec-
tion, only 15% of patients had bacteria cultured from portal
venous blood at the time of laparotomy.11 No similar study
has been conducted in Caucasian patients with PSC.

Reflux of enteric organisms through the sphincter of Oddi
was thought to be another route of bacterial entry into
bile in non-PSC-associated cholangitis.12–14 Supporting this
concept, Olsson et al.15 reported that recent endoscopic
instrumentation had the strongest association with positive
bacterial culture in PSC liver explant specimens, regardless
of whether fever, infection or dominant strictures were
present or not. Identifying the exact route of bacteria entry
into bile—translocation through the portal vein versus retro-
grade migration through the sphincter of Oddi—may be
important to guide treatment and management strategies of
recurrent cholangitis.

The presence of dominant strictures of the bile ducts
(defined by Rudolph et al.16 as < 1.5 mm of the common
bile duct and < 1.0 mm of the common hepatic duct within
2 cm of the bifurcation) is another logical etiologic suspect
in recurrent cholangitis. This anatomical finding occurs in
approximately 50% of PSC patients during their disease
course.17 Elevated intrabiliary pressure from obstruction can
distort tight junctions between hepatocytes, facilitating entry
of bacteria into bile.18 In addition, biliary obstruction leads to
a decrease in phagocytic activity of hepatic Kupffer cells.19

While dominant strictures are associated with liver disease
progression and positive bacterial culture from bile, it is
unclear whether they were associated with clinical evidence
of cholangitis.17,20

In the study by Pohl et al.,20 in which a strong association
was found between positive bacterial culture in bile and dom-
inant strictures, the majority (36 of 37) of patients with
dominant strictures had undergone multiple endoscopic
instrumentation procedures prior to bile sample collection,

implicating bacterial contamination. More importantly, expe-
rience from our case suggests that dilation of the biliary tree
may not be effective, likely because of the diffuse nature of
intrahepatic strictures, and that disruption of the sphincter of
Oddi has the potential to promote additional enteric bacteria
migration into the biliary system.

The current 2010 American Association for the Study of
Liver Diseases (AASLD) practice guidelines do not recom-
mend routine antibiotics in patients with recurrent cholangitis
in PSC.21 While several antibiotics improve liver biochemistry
in PSC patients without affecting liver histology or endoscopic
features (Table 1), none of the studies to date have specifi-
cally investigated whether patients with or without bacterial
cholangitis respond differently to treatment.23,24,36–42 Occa-
sionally, however, patients developed recurrent cholangitis
later in their disease course without an initial presentation
of cholangitis at the start of the study.23 Our case provides
evidence (based on culture results) that standard oral anti-
biotics, even when given long-term, were not able to sup-
press cholangitis, although intravenous formulation did
improve the acute presentations of fever and abdominal pain.

Our interest in exploring biofilm formation in PSC patients
with recurrent cholangitis was based on several lines of
evidence. First, the presence of bacteria has been unequiv-
ocally demonstrated using traditional culture-based methods
in PSC patients with advanced liver disease.15 Second, the
recurrent nature of cholangitis suggests a unique bacterial
ecology favoring its survival within a compromised host.
Third, a molecular-based method for microbiota determina-
tion and imaging techniques for biofilm analysis have firmly
established the role of bacterial colonization and infection in
the pathogenesis of cystic fibrosis a disease complicated by
recurrent pneumonia and having a phenotype similar to
recurrent cholangitis.25 These methodological (and concep-
tual) advances may help define the role of bacteria in PSC
as well. Fourth, the presence of biofilm presents itself as

Table 1. Reported series evaluating the role of antibiotics for treatment of PSC23,24,36–42

Study Year Design Subjects Antibiotics Parameters Response

Farkkila et al. 2004 RCT 80 Metronidazole,
UCDA

ALP, ALT, AST, GGT, Mayo
risk score, liver histology

Partial

Silveria et al. 2009 Pilot study 16 Minocycline ALP, AST, total bilirubin,
direct bilirubin, PT,
albumin, Mayo risk score

Partial

Tabibian et al. 2013 RCT 35 Vancomycin vs.
Metronidazole

ALP, total bilirubin, CRP,
Mayo risk score

Partial

Davies et al.* 2008 Observational 14 Oral vancomycin ALT, GGT, ESR, liver histology Positive

Misitilis et al. 1965 Case report 7 Tetracycline ALP, total bilirubin,
liver histology

Negative

Boner et al. 2007 Case report 1 Azithromycin ALP, ALT, AST, GGT,
total bilirubin

Positive

Rankin et al. 1959 Case report 5 Tetracycline ALP, ALT, ALT Positive

Cox and Cox* 1998 Case report 3 Vancomycin (oral) ALT, GGT, ESR,
liver histology, ERCP

Positive

Mathew et al. 1983 Case report 1 Metronidazole Total bilirubin, clinical signs
and symptoms

Positive

*=pediatric

Journal of Clinical and Translational Hepatology 2017 vol. 6 | 1–5 3

Choi A.Y. et al: Bacterial biofilm in PSC



a novel therapeutic target in PSC with or without cholangitis.
For example, rifampin, a second-line agent for the treatment
of pruritis,26 penetrates biofilm in prosthetic hardware-
associated methicillin-resistant S. aureus bacteremia.27

More recently, aspirin, an anti-biofilm agent, was found to
be associated with a significantly lower risk of cholangiocarci-
noma.28,29 Finally, formation of bacterial biofilm in vitro and
bacterial membrane integrity are affected by the presence of
bile.30–32 It is possible that the higher mortality observed in
the high-dose ursodeoxycholic acid arm of the recent PSC
trial33 was related to excessive enrichment of bile with urso-
deoxycholic acid, rendering it too hydrophilic to suppress
biofilm formation from pathogenic enteric organisms.

Other than the possibility that biofilm does not exist in
PSC-associated recurrent cholangitis, formalin fixation, which
affects intestinal biofilm preservation in inflammatory bowel
disease,34 may have hindered our ability to detect biliary
biofilm. In addition, while standard light microscopy is an
established method for detecting biofilm, scanning electron
microscopy and fluorescence in situ hybridization have also
been used.35 Even though no studies to date have directly
compared the sensitivity and specificity of these microscop-
ies, these more advanced methods, which were not available
to us, may improve our ability to detect biliary biofilm. An
effort to organize a larger study using proper tissue preser-
vation technique, as well as more sophisticated microscopy, is
currently underway.
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