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Microbial Biofilms in Biliary and Pancreatic Stents
Chetana Vaishnavi1, Nikhil Bush2, Rakesh Kochhar3

A b s t r ac t
Biofilms are formed by unicellular bacteria residing on a scaffold of exopolymeric substances and impart survival advantage to microbial
communities from adverse environmental conditions. The formation of biofilms is an intricately ordered stepwise process. Biofilms can form on
many medical implants where the body fluids supply adequate organic nutrients for the most favorable bacterial growth. The hydrophobicity
of the surface influences the strength of adhesion and microorganisms are more likely to attach to non-polar hydrophobic surfaces, which
make up stents. In general, the stent diameter, duration of stenting, contour and material determine the susceptibility of stents to biofilmrelated occlusion. Occlusion of stents by microcolonies can result in increased rates of complications and therapeutic failure leading to an
increased need for repeat procedures and hence cost of treatment. Despite several studies explicating the range of organisms involved in the
formation of biofilms, the factors related to their formation in plastic stents have not been adequately elaborated. Biofilms cannot be detected
by standard microbial culture techniques. Molecular diagnostics based on nucleic acid amplification techniques are the mainstay for detection
and identification. The formation of microbial biofilms in bio prosthesis related to gastroenterology is an under studied arena. In this minireview, we aim to discuss the formation of biofilms in biliary and pancreatic stents used for the management of biliary and pancreatic ductal
obstructions to provide clinicians with information to optimize the safety and efficiency of stents.
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Introduction
A biofilm is defined as a conglomeration of microbial communities
embedded within an extracellular matrix attached to man-made
or natural surfaces.1 Biofilms are produced when unicellular
bacteria begin to reside on a scaffold of exopolymeric substances
largely comprised of proteins and polysaccharides secreted by
the resident microorganisms themselves, often being separated
by networks of open water channels. 2 About 5–35% of the biofilm
quantity is formed by the microorganisms while the remainder
constitutes the extracellular matrix. 3 Biofilms impart survival
advantage to microbial communities from adverse environmental
conditions like biological and chemical antibacterial agents due
to the inactivation of these agents by extracellular polymers.4,5
Furthermore, biofilm formation has been postulated as a
phylogenetic evolution of the bacteria in the emergence of
antibiotic-resistant strains as a result of phenotypic changes in
the residing bacteria.6,7
Biofilms can form on many medical implants, such as, catheters
and stents where the body fluids supply adequate organic nutrients
for the most favorable bacterial growth.8 The sphincter of Oddi
serves as a gatekeeper to the pancreatic and biliary ducts against
microbes. This natural barrier gets broken upon placing a stent
across it, resulting in a low resistance pathway for the colonization
of intestinal microbes. Occlusion of stents by microcolonies can
result in an increased rates of complications and therapeutic failure
leading to increased need for repeat procedures and hence cost of
treatment. Previous studies have estimated that about 65% of all
device and non-device associated infections are related to bacterial
biofilms.9 The resident gastrointestinal microbial biofilms have
been implicated in diseases, such as, inflammatory bowel disease,
colon cancer, gastric cancer, and irritable bowel syndrome.10
Despite the several studies explicating the range of organisms
involved in the formation of biofilms, the factors related to their
formation in plastic stents and their clinical implications need to

1–3

Department of Gastroenterology, Postgraduate Institute of Medical
Education and Research, Chandigarh, India
Corresponding author: Chetana Vaishnavi, Department of
Gastroenterology, Postgraduate Institute of Medical Education and
Research, Chandigarh, India, e-mail: cvaishnavi@rediffmail.com
How to cite this article: Vaishnavi C, Bush N, Kochhar R. Microbial
Biofilms in Biliary and Pancreatic Stents. J Gastrointest Infect
2020;10(1):11–15.
Source of support: Nil
Conflict of interest: None

be adequately elaborated before any steps can be taken for their
successful prevention.1,4,11 In this mini-review, we aim to discuss
the formation of biofilms in biliary and pancreatic stents used for
the management of biliary and pancreatic ductal obstructions
to provide clinicians with information to optimize the safety and
efficiency of stents.

Steps in Biofilm Formation
Formation of biofilms is an intricately ordered stepwise process
involving the following steps: initial surface contact, next microcolony formation, maturation of architecture of the biofilm and
lastly detachment/dispersion of the biofilm.12 The process of
attachment to the surface of animate or inanimate objects occurs
through pili or flagella and other physical forces like Van der Waal’s
forces and the attractive or repulsive electrostatic interactions.
The hydrophobicity of the surface also influences the strength of
adhesion and microorganisms are more likely to attach to non-polar
hydrophobic surfaces of plastics (e.g. Teflon) which make up stents
rather than hydrophilic polar surfaces.13
Following the stabilization of the attachment, microcolonies
are formed by multiplication of microbial cells within the
extracellular matrix. These colonies form a coordinated symbiotic
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relationship among each other in multiple aspects including the
exchange of substrates and distribution and excretion of metabolic
products.14 Maturation of these colonies is marked by the expression
of genes that cause the production of the extracellular matrix and
signal molecules known as auto inducers which facilitate quorum
sensing—a cell-to-cell intra- and intercolonial communication
system. The matrix serves as the scaffold or backbone of the biofilm
which is further laden with interstitial voids filled with water that
serve as circulatory channels for nutrients and waste products.
Subsequently, the bacteria produce saccharolytic enzymes or
express genes upregulating fimbriae/pili formation thereby
facilitating detachment and transfer to a new site.2

Stent Related Risk Factors for Biofilm Formation
In general, the stent diameter, duration of stenting, contour, and
material determine the susceptibility of stents to biofilm-related
occlusion. Stents with smaller diameters have a higher predisposition
for biofilm formation. The bile flow dynamics and stent occlusion
are governed by the diameter of the biliary stents and an increase
of 0.2 mm diameter in the inner stent leads to a 300% increase in
the bile flow.15 The large diameter of the metallic stent is one of its
major advantages.16 However at best plastic stent of a maximum of
11.5 Fr diameter can be placed endoscopically17 and therefore stents
up to 10 Fr size are generally used. Rates of bacterial colonization
increase linearly with prolonged durations of stenting, progressively
increasing after 3 months with median patency of 4–5 months for 10
Fr plastic stents.18 Therefore, plastic biliary stents should be changed
by 3–6 months to avert the formation of biofilms. Irregularities in the
surface and hydrophobicity of the stent material can also increase
the adherence of bacteria and thereby increase biofilm formation.
Additionally bile immunoglobulin-bacteria complex, glycoprotein,
and mucin can also affect bacterial adherence.19

Detection and Characterization of Biofilms
The characterization of biofilms is based on a range of techniques,
which include direct methods like plate count method, flow cytometry,
fluorescent,and confocal scanning microscopy. Indirect quantification
methods include crystal violet assay, ATP bioluminescence, and
quartz crystal microbalance techniques. These techniques are fraught
with technical limitations and are less cost-effective. Culture-based
methods are the most accurate and reliable for characterizing
and identifying biofilms.20 However, biofilms cannot be detected
by standard microbial culture techniques. Molecular diagnostics
based on nucleic acid amplification techniques are the mainstay for
detection and identification. Diagnosis, treatment, and prevention
of biofilm infections require different kinds of strategies apart from
those used against acute infections. For identification of the bacteria
by molecular methods, the encrusted biofilm inside the stent is
scraped and cultured in liquid media under aerobic and anaerobic
conditions. The microbial DNA is then removed from the culture
media by the phenol-chloroform method. Further characterization
of bacteria is done by polymerase chain reaction (PCR) using the
16S rRNA gene-specific primers for determination of the DNA
sequence for commonly known bacteria using standard strains. The
generated amplicons are further stained with ethidium bromide and
evaluated with a database of known sequences. Unknown bacteria
involved in biofilm formation in the stents are molecularly identified
using universal primers with a touchdown PCR used to increase
the specificity of the reaction. The selected Density Gradient Gel
Electrophoresis bands are excised from the gels and the amplified
PCR products are sequenced using bands, which are dissimilar from
12

the usually known bands and are compared with GenBank data base
using standard nucleotide blast search tools.1,21

Organisms in Biliary and Pancreatic Biofilms
Biliary Biofilms
The role of multiple species of microorganisms in the formation
of biofilms responsible for the occlusion of stents is well known.
Biofilms maybe of endogenous origin from the native gut
microbiota or can be acquired exogenously from contaminated
prosthesis or infusates. Both aerobic and anaerobic bacterial species
encompassing gram-negative as well as gram-positive organisms
are included among the microorganisms isolated from occluded
biliary stents.22
Enterococcus sp. is an important aerobic pathogen in stentrelated infections and their growth within the biofilms is a vital
clinical concern because of antibiotic resistance. 8 Enterococcus
carrying aggregation substance genes and slime-producing
strains have a selective advantage in endoprosthesis colonization
thereby accounting for their higher rates of prevalence in occluded
stents. 23 Apart from this, the most frequent aerobic bacteria
isolated from biliary sludge are Escherichia coli and Klebsiella
although Clostridium species are the predominant anaerobes.11,24
Leung et al.25 identified 19 anaerobes (Clostridium perfringens 13,
C. bifermentans 4, and Bacteroides fragilis 2) from 16 unblocked
stents retrieved from patients who received antibiotic prophylaxis
and 16 gram-positive aerobes (Enterococcus and Bacillus); but no
gram-negative aerobes were isolated from the stents. Schneider
et al.11 also reported anaerobes as prominent inhabitants of biofilms
in biliary stents. Vaishnavi et al.1 reported polybacterial consortia
in 90% of the biliary stents with the most commonly identified
species being Pseudomonas, Citrobacter, and Klebsiella; with a
relatively small proportion of isolates belonging to Staphylococcus,
Serratia, Streptococcus, Enterococcus, Proteus and Enterobacter
species. Figure 1 depicts a double pig tail occluded biliary stent
which was removed after 4 months of placement. No difference
in species composition was noted between stents retrieved from
patients with or without cholangitis despite that patients with
cholangitis tend to have higher rates of complete occlusion and
biofilm formation.1 However, occluded stents showed a higher
prevalence of colonization by gram-positive organisms like
Staphylococcus, Streptococcus, and Enterococcus.1,11 Recently Kong
and Xie26 analyzed the bacterial species in occluded plastic stents
retrieved from 60 elderly patients with malignant biliary obstruction
and identified a total of 93 pathogenic bacteria of which 61 cases
were gram-negative bacilli (65.6%), 30 cases were gram-positive

Fig. 1: Double pig tail biliary stent (7 Fr) with biofilm retrieved after 4
months of placement
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cocci (32.2%), and 2 were fungi (2.2%) cases. The most common
bacteria identified were E. coli (22.6%), Enterococcus faecium (16.1%),
Klebsiella pneumoniae (14.0%), Pseudomonas aeruginosa (11.8%), and
Enterococcus faecalis (10.8%).

Pancreatic Biofilms
Kozarek et al. 27 reported contamination of the pancreatic duct
by gut flora in 100% of 36 patients with pancreatic stents.
Though gut appears to be the main source of bacteria for stent
occlusion, at times gram-positive bacteria, such as, Staphylococcus
aureus, Enterococcus, and anaerobes can also be found. Hill
et al. 28 reported bacterial growth composed of bacteria, such
as, Klebsiella, Escherichia, Enterobacter, and Enterococcus in 28/47
retrieved pancreatic stents, with a strong correlation between
the duration of indwelling stents and the bacterial growth. The
species diversity of pancreatic stent biofilms was further testified
in a study that characterized more than 246 resident species.11
Similarly Schneider et al.29 reported 246 microorganisms in 39/40
of the pancreatic stents among which gram-positive Enterococcus
sp. was predominantly present in 27 of them.
Vaishnavi et al. 30 identified polymicrobial biofilms in 95.8%
of the 24 retrieved occluded pancreatic stents. The biofilm
comprised of Pseudomonas (n = 8), Staphylococcus (n = 8), Serratia
(n = 5), Aeromonas (n = 4), Proteus (n = 4), Klebsiella (n = 4), E. coli
(n = 4), Enterococcus (n = 4), Streptococcus (n = 4), Citrobacter
(n = 3), Bacillus (n = 2), Enterobacter (n = 1), Vibrio (n = 1),
and Clostridium (n = 1) as identified by PCR and sequencing.1
Anaerobes are known to be important in biofilm formation,11 but
Clostridium sp. was found in only a single pancreatic stent with
an indwelling time of 150 days. 30

Impact of Biofilms in Relation to Biliary and Pancreatic
Diseases
The impact of biofilms in gastroenterology and its implications
have been under studied. It has been estimated that biofilms are
associated with 65% of nosocomial infections and that treatment
of these infections is very difficult and leads to increased health
care expenditure.31,32 Biofilm formation on stents might have an
impact on the underlying disease process. Clogging of stents with
secretions and subsequent microbial colonization can lead to stent
dysfunction. The course of formation of biofilm is a very complex
and gradual process, which starts about 3 months after stent
placement and is directly proportional to the dwelling time.11,33
Biliary plastic stents were introduced in 1979 and stenting
through the endoscope is a non-surgical approach for relieving
obstructions in the biliary structure. The sphincter of Oddi is
located at the junction of the common bile duct, main pancreatic
duct, and the duodenum is a natural microbial barrier to biliary
contamination. 34 When a biliary stent is introduced across it,
the sphincter gets breached and leads to reflux of the duodenal
material, and ascending bacterial colonization occurs leading to
biofilm formation. Stent failure secondary to occlusion can lead to
cholangitis, which is a medical emergency requiring timely biliary
drainage. Another implication of biofilms in cholangitis is the
development of mechanisms for microbial persistence and drug
resistance making the existing management strategies ineffective.35
One of these is the exopolysaccharide matrix scaffold that provides
adequate defense from natural surfactants and antibacterial agents
including bile and inflammatory cells.2
Similarly, several pancreatic diseases can be managed by
endoscopic placement of stents that can help decrease intraductal

pressure, restore luminal patency in pancreatic strictures, and
bypass obstructing stones. Pancreatic duct stenting is carried out in
chronic pancreatitis with major duct strictures to relieve pain or in
a setting of duct disruption and persistent pancreatic collections.36
Blockage and consequent stent dysfunction can result in acute
deterioration of the underlying pathology as well as serve as a
microbial stairway for infection of pancreatic collections.
Guaglianone et al. 37 studied the tridimensional arrangement
of the microbial biofilm formed inside clogged biliary stent to
identify the microbial species implicated in the obstruction
process. Scanning electron microscopy studies revealed that
sludge present in the stent lumen consisted of a rich and
mixed aerobic and anaerobic microbial flora interspersed with
a large amount of amorphous material containing dietary
fibers, cholesterol crystals, and other bile salts precipitates. 38
Biofilm matrix comprise of proteins, polysaccharides, nucleic
acids, and lipids. 39 Vaishnavi et al. 30 reported that the majority
of the pancreatic stents harbored multiple microorganisms in
their biofilms, and those from patients aged >50 years showed
significant deposition of protein, which is a key element in biofilm
formation, thereby suggesting that advanced age is a risk factor
for the deposition of biofilm proteins. 30
A direct consequence of stent occlusion related to biofilm
formation is the need for repeated interventions and the added
risk of complications and costs. This is thus a major limiting factor
for the use of plastic stents in these circumstances and if used it
must be restricted to the standard duration of a maximum of 3
months. A more durable alternative to plastic stents is metallic
stents with longer shelf lives of up to 6 months. There is a lack of data
on biofilm characteristics of metallic stents. However, there have
been reports of biofilm-related stent clogging in silicone covered
self-expanding metallic stents.40 Therefore, preventing biofilm
formation in stents is a major challenge and various techniques
have been tried in the past. Numerous studies have evaluated
the antibacterial role of silver nanoparticles in plastic and metallic
stents, a few of which have implicated prolonged stent patency, but
the overall clinical efficacy has not been completely evaluated as of
yet.41,42 An upcoming role of biodegradable stents as an alternative
to plastic and metallic stents is being received with enthusiasm.
Technological interventions are being undertaken in the field of
nanotechnology for the development of innovative antimicrobial
materials. These agents are utilized to alter the biodegradable
polymeric materials from which they are gradually released and
thwart the formation of a biofilm on the surface of the polymeric
material.43

C o n c lu s i o n
The formation of microbial biofilms in bio prosthesis related to
gastroenterology is an under studied arena. Biliary and pancreatic
stents are prone to microbial colonization and biofilm formation,
which is an important cause of stent occlusion, thereby decreasing
the shelf life of stents and hence increasing the need for repeated
procedures. Knowledge of the pathophysiology of formation,
biochemical composition and identification of patient and stentrelated factors determining biofilm formation, could help in
developing preventive strategies against complications related to
stent occlusion. There is hence a need to harness better materials
with antibacterial properties in stent manufacturing and the role
of silver nanoparticles in this regards needs to be further validated
in the clinical context.
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