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Abstract
Background and Aim: Biliary obstruction causes bacteriobilia and significant
morbidity and high mortality, which necessitates prompt and effective treatment for a
good clinical outcome. Hence, the aim of this study was to determine updated knowl-
edge of biliary microbial spectrum, antibiotic sensitivity pattern, and key clinical fac-
tors of bacteriobilia.
Methods: This is a prospective study conducted during the period between November
2021 and December 2022 at Ibn Sina specialized hospital, Khartoum, Sudan, on
50 patients diagnosed with obstructive jaundice and symptomatic bacteriobilia who
underwent open biliary surgeries electively. Bile samples were aspirated intra-
operatively and cultured, and antibiotic sensitivity tests were performed.
Results: Fifty-four percent of patients diagnosed with obstructive jaundice who
underwent elective open biliary surgeries were males with the ratio (2:1). Forty-six
percent of patients were between 61 and 75 years (elderly). The most frequent cause
of obstructive jaundice was migrating biliary stones (48% of cases). Thirty-two per-
cent of patients were diabetic with bacteriobilia. The predominant isolated bacterial
pathogen in this study was Escherichia coli (36% of cases). These biliary pathogens
were sensitive to meropenem in 54% of cases and ciprofloxacin in 46%. Eventually,
in all patients in this study, biliary bacterial pathogens were found to be resistant to a
broad spectrum of antibiotics.
Conclusion: Careful selection of empirical antibiotic therapy based on surveillance of
routine bile cultures during biliary tree procedures in patients with high risk of bac-
teriobilia will potentially help in improving the surgical outcomes and optimizing
treatment of acute cholangitis, which is associated with high mortality.

Introduction
Bile ducts are sterile in healthy persons. This is related to the
anatomic and physiologic barriers that prevent bacterial entry
into the bile and limit the translocation of bacterial endotoxins.
Anatomic barriers include tight junctions between hepatocytes,
Kupffer cells, sphincter of Oddi, and excreted immunoglobins
(predominantly IgA); physiological barriers include the composi-
tion of bile salts and constant bile flow which flushes any con-
taminating bacteria.1 Bacteriobilia (positive bile culture) is
defined as the presence of microorganisms in the bile that
is detected by at least one positive bile culture and not necessar-
ily be followed by clinical manifestations. The most widely

described risk factors of bacteriobilia in the literature are
(i) previous biliary tree manipulation such as endoscopic retro-
grade cholangiopancreatography (ERCP); (ii) common bile duct
(CBD) stones with bacteriobilia (up to 30%); (iii) associated
comorbidities or a high ASA classification; (iv) male gender;
(v) advanced age (>60 years) leading to altered immune
response; and (vi) complicated biliary obstruction, which is char-
acterized by fever, palpable gallbladder, elevated serum alkaline
phosphatase (ALP), and leukocytosis.2–6 Obstructed biliary tree
with stagnant bile and choledocholithiasis are reported as the
leading causes for acute (ascending) cholangitis, with a mortality
rate of 5–12%. This is related to impaired bile flow with stasis,
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acute mucosal cytokine production, and increased intra-biliary
pressure. Then, pathogenic bacteria will gain access to biliary
ducts through major duodenal papilla, portal venous system,
hepatic secretion, and periductal lymphatic routes, which will
result in infected bile, thus increasing the rate of complications
such as bacteremia, wound infection, and intra-abdominal
sepsis.7–10 In 1877, the clinical manifestations of acute cho-
langitis were described by Charcot as a triad of fever/chills, right
upper quadrant or epigastric pain, and jaundice.10 However,
Charcot’s triad has low sensitivity (26%) in the diagnosis of
acute cholangitis. Hence, new criteria were established by the
Tokyo guidelines, which have an overall sensitivity and specific-
ity of 92 and 78%, respectively. These new criteria included lab-
oratory and clinical signs of systemic inflammation, in addition
to cholestasis and imaging evidence of biliary obstruction.11 Per-
sistence of biliary obstruction leads to inaccurate antibiotic con-
centration and excretion, particularly if associated with high
bilirubin, low albumin, and tachycardia. This necessitates prompt
biliary decompression and the empirical use of broad-spectrum
antibiotics for systemic infection. If these appropriate treatments
are not given, septic shock will lead to significant rise in the mor-
tality rate up to 88–100%.3,8 Furthermore, inappropriate empiri-
cal therapy leads to antimicrobial resistance through mechanisms
including alteration of the antibiotic active binding site, restric-
tion of antibiotic cell entry, active antibiotic extrusion through an
efflux pump, and enzymatic inactivation of antibiotics.12,13

Therefore, identification of the causative microorganism and
appropriate choice of antibiotics are essential in the acute cho-
langitis management and reduction of mortality, especially in the
elderly.14,15 Bile cultures provide an opportunity to detect the
pathogenic bacteria, antibiotic susceptibility, and resistance pro-
file even in cases with negative blood cultures. Positive rates of
bile cultures range between 59 and 93% in acute cholangitis
patients. This acceptable high sensitivity rate is achieved by directly
obtaining bile from the inflammatory site for microbiological analy-
sis.12,16 Some studies have reported a strong relation between bac-
teriobilia related to obstructive jaundice and postoperative
complications such as wound infection.17,18 The commonly
described bacteria associated with biliary tree infections is gram-
negative microorganisms including Escherichia coli, Klebsiella
pneumoniae, Citrobacter freundii, and Salmonella typhi. Enterococ-
cus spp. are the most commonly observed gram-positive
microorganisms.19–21 Gram-positive bacterial infection has attracted
attention recently because it is highly detected in cholangitis of liver
transplantation patients.22–24 Mohammed et al. showed that the con-
sequences of bacteriobilia can be prevented by pre-operative and
postoperative antibiotics that act on the common digestive tract
pathogens such as enterobacters and anaerobes.25 Also, Herzog
et al. recommended bile cultures during biliary surgeries for better
antibiotic sensitivity and prophylaxis from infective complications.26

Studies in the literature give no specific data comparing differences
of bacteriobilia infection between the countries worldwide. More-
over, there are few studies focused on bile microbiology during bili-
ary tree procedures with high risk of bacteriobilia, and the choice of
optimum antibiotic regimens remains a challenge to clinicians due
to the lack of agreement on unique regimens for isolated biliary
microorganisms.2 Hence, the aim of this study was to update the
knowledge of biliary microbial spectrum, antibiotic sensitivity pat-
terns, and key clinical factors of bacteriobilia that are associated

with symptomatic obstructive jaundice, to optimize the therapeutic
use of antibiotics in times of increasing antibiotic resistance and
reach appropriate empirical therapy for biliary infections to reduce
morbidity in Sudanese patients.

Methods
This is a prospective, observational, analytic, cross-sectional,
hospital-based study conducted during the period between
November 2021 and December 2022. The study received no
grant funding and was conducted in the gastroenterological surgi-
cal department of Ibn Sina specialized hospital, Khartoum,
Sudan. Our research complies with the guidelines for human
studies and was conducted ethically in accordance with the
World Medical Association Declaration of Helsinki. Before
the study commenced, ethical approval was obtained from the
local research ethics committee of the Faculty of Medicine and
Health Sciences, Omdurman Islamic University (committee
meeting no. 191 dated 14 October 2021), to use the Sudanese
patients after they have provided written and signed consent to
publish this original article for the purpose of research and to col-
lected medical data from the international medical websites and
medical literature. No clinical trials were involved in this study.
A written consent was taken from each patient. Data in this
study, including demographic characteristics, clinical presenta-
tion, modalities of investigation, primary disease, comorbidities,
risk factors for symptomatic bacteriobilia, prior biliary interven-
tions (ERCP/percutaneous transhepatic biliary drainage [PTBD]),
indications for surgical approaches, postoperative complications,
days of postoperative hospital stay, and postoperative deaths,
were collected through a questionnaire. Also, laboratory vari-
ables, such as WBC count, total bilirubin, ALP, serum albumin,
and C-reactive protein, at admission were included. Inclusion
criteria were the following: Sudanese patients aged 18 to
75 years or more of either sex who were clinically diagnosed
with obstructive jaundice with symptomatic bacteriobilia and
acute cholangitis confirmed by trans-abdominal ultrasound (TUS)
and magnetic resonance cholangiopancreatography (MRCP).

Figure 1 Gender distribution of patients with bacteriobilia.
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These patients underwent various procedures ranging from pre-
operative drainage to simple open cholecystectomy and CBD
exploration and surgeries of hepato-biliary-pancreatic malignan-
cies. Bile samples were aspirated intraoperatively before stab
incision of the CBD using syringe size 10 ml and placed immedi-
ately on a sterile 20-ml propylene bottle. Then, the samples were
sent to the microbiology laboratory service as soon as possible
(within 10 min) and incubated in a bacteriologic bile culture
oven at 37�C for 24 h. No blood samples were taken from the
patients, nor were any blood cultures performed in this study. All
bile cultures were positive, and bacterial colonies were identified
using routine biochemical methods used in a standard clinical
microbiology laboratory. The patients were divided according to
the culture results into bile-positive and bile-negative groups.
The microbiological variables were the isolated causative micro-
organisms, antibiotic use upon admission, prophylactic antibiotic
use, and initial antibiotic resistance for microorganisms of the
bile cultures. All patients were hemodynamically stable and did
not need ICU admission. Therefore, bacterial infection control
regimens in the ICU are not discussed in this study. Exclusion
criteria included the use of antibiotics within 7 days prior to sur-
gical interventions or at induction of surgery, laparoscopic chole-
cystectomy, and nonelective surgeries. Also, all patients with
incomplete records, those who were admitted outside the time
zone of the study, and those with any other comorbidity that pre-
cluded general anesthesia (GA) were excluded from this study.
The clinical details of all patients included were entered into a
spread sheet (Excel 2016 for Windows). This data were statisti-
cally analyzed by using the computer program Statistical Package
for Social Sciences (SPSS) version 21 (IBM SPSS Statistics for
Windows, Armonk, NY, IBM Corp, USA). For comparison
between groups, t-test was conducted. The statistical results were
considered significant when the P-value was <0.05.

Results
Fifty patients were included in this study. These patients were
diagnosed with obstructive jaundice and underwent elective open

biliary surgeries. Twenty-seven were males (54%) and 23 were
females (46%) (Fig. 1). The patients0 age ranged from 61 to
75 years, representing 23 patients (46%) (Fig. 2). In this study,
all patients (100%) were diagnosed clinically with obstructive
jaundice. The duration of jaundice was as follows: within
3 months in 22 patients (44%); less than 1 month in 19 patients
(38%), and more than 3 months in 9 patients (18%). The causes
of jaundice were migrating biliary stones in 24 cases (48%),
malignant obstruction in 23 cases (46%), and begin stricture in
3 cases (6%). Moreover, there were different cancers resulting
in malignant biliary obstruction: 13 patients had cancer in the
pancreatic head; 5 patients had cholangiocarcinoma; and
5 patients had ampullary cancer. In this study, 16 diabetic
patients (32%) were diagnosed with obstructive jaundice due to

Figure 2 Age distribution of patients with bacteriobilia.

Figure 3 Total bilirubin levels for patients with obstructive jaundice
and bacteriobilia. ( ), <10 (n = 19); ( ), 10–20 (n = 18);
( ), >20 (n = 13)
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bacteriobilia. Seventeen patients (34%) had bacteriobilia
related to a pervious history of cholangitis. Total bilirubin was
<10 mg/dl in 19 patients (38%), 10–20 mg/dl in 18 patients
(36%), and >20 mg/dl in 13 patients (26%) (Fig. 3). Abdominal
ultrasound, abdominopelvic CT scan, and MRCP were carried
out in all patients (100%). Preoperative biliary drainage was car-
ried out for 18 patients (36%), 16 had ERCP/stent, and two had
PTBD. Also, the standard sterilization method for ERCP-scope
was done through meticulous washing cycles by special disinfec-
tants and autoclaving for 20 min. The duration of biliary drainage
ranged from 1 to 6 weeks in 13 patients (26%). The isolated
bacterial microorganisms included E. coli in 18 cases (36%),

Klebsiella spp. in 7 cases (14%), Pseudomonas aeruginosa in
6 cases (12%), Staphylococcus aureus in 1 case (2%), and
C. freundii in 1 case (2%) (Fig. 4). There were no bacterial
growth in 17 patients (34%). Eventually, in all patients of this
study, biliary bacterial pathogens were found to be resistant to a
broad spectrum of antibiotics throughout the study period, and
no changes were noticed in the resistance patterns for these anti-
biotics over time. These included cefixime in 19 patients (38%),
ceftriaxone in 13 patients (26%), amoxyclav in 7 patients (14%),
cefotaxime in 7 patients (14%), and ceftazidime in 4 patients
(8%) (Fig. 5). The results of this study were statistically signifi-
cant (P-value < 0.05).

Figure 4 Isolated bacterial microorganisms in bile cultures of patients with obstructive jaundice.

Figure 5 Antibiotic resistance for bacterial pathogens.
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Discussion
Normally, bile is sterile because of various anatomical and physi-
ological protective mechanisms keeping it free of organisms. Par-
tial or complete biliary obstruction is common and affects a large
portion of the world population, causing increased intrabiliary
pressure, bacteremia, impaired intestinal wall barrier function,
and significant morbidity and high mortality.1 The intraoperative
bacterial isolation in the bile culture continues to be a subject of
debate. Therefore, focusing on the microbiological analysis
of pathogenic organisms in bile cultures, identification of the risk
factors due to their presence in the bile, antibiotic sensitivity pat-
terns, and resistance profiles may be valuable tools that could
lead to appropriate choice of antibiotic therapy in patients with
bacterial cholangitis complicating obstructive jaundice.20,27 Our
study revealed that symptomatic bacteriobilia is more common in
male patients with obstructive jaundice (54 vs 46%) in the ratio
2:1. This is consistent with the literature, with Mehta et al.
reporting that positive bile culture is more frequent in males than
in females (52 vs 48%).28 The mean age for bacteriobilia associ-
ated with obstructive jaundice was between 61 and 75 years, rep-
resenting (46%) of cases. This is in agreement with the results of
other studies in the literature of reported cases of bacteriobilia in
elderly patients above 70 years.11,29 This is related to the altered
immune response in the elderly patients. Bacteriobilia was more
prevalent in patients with migrating biliary stones (48%). Our
results similarly agree with the findings of Kiriyama et al. and
Sharma et al. who proposed partial or intermittent nature of
benign biliary obstruction facilitating bacterial colonization in the
bile.30,31 Moreover, Arima et al. reported that bacterial cho-
langitis caused by impacted bile duct stones is a serious condi-
tion despite emergency biliary decompression.32 This is related
to an abrupt increase of intrabiliary pressure, which leads to sep-
ticemia and endotoxemia by adverse effects on the defensive
mechanisms.33 Type-2 diabetes mellitus (DM) patients had
higher infection rates with poorer prognosis. As a complication
of choledocholithiasis, they have more severe forms of bacterial
cholangitis as compared to nondiabetic individuals. In this study,
the coexistence of diabetes mellitus was found to be a risk factor
for positive bile culture in 32% of cases. This agrees with the lit-
erature that diabetes mellitus is significantly associated with
hyperglycemia in bile metabolism and is more susceptible to
high bacterial growth.34 This is relevant to patients with type-2
DM who have poor glycemic control and diabetic neuropathy.
Also, type-2 DM is associated with reduced response of T cells
and neutrophils, impaired phagocytosis, intracellular killing, and
leukocyte chemotaxis.11 Our study showed that the positive
results of bile culture is significantly associated with a confirmed
history of ascending cholangitis in 34% of patients. These obser-
vations were in agreement with the study of Sharma et al. who
reported bacteriobilia was found more often in patients with a
pervious history of cholangitis (47%) than those without
(19%).31 In this study, bacteriobilia was identified through
ERCP/stent or PTBD in 36% of cases. This is in agreement with
the results of Negm et al., who showed that risk factors of bac-
teriobilia include biliary stenting and repeated biliary interven-
tions resulting in contamination of bile ducts by intestinal
bacteria.20 Microbiological analysis of the bile culture is a valu-
able diagnostic tool that helps to establish antibiotic guidelines

before biliary surgical procedures associated with bacteriobilia.
In this study, E. coli was the predominant pathogen isolated from
bile cultures (36%) followed by Klebsiella species (14%),
P. aeruginosa (12%), S. aureus (2%), and C. freundii (2%).
These results are consistent with international studies that
reported E. coli and Klebsiella species are the frequently isolated
bacteria in bile cultures.20,21,27 Sharma et al. found, in the bile
cultures, E. coli (50%), Pseudomonas (25%), Klebsiella (7%),
Citrobacter (7%), and Proteus (6%).31 Also, Bajaj et al. found
that the commonest bacteria that were isolated from bile culture
were E. coli (47.94%), K. pneumoniae (17.53%), P. aeruginosa
(16.49%), and Enterococcus spp. (11.34%).35 Moreover, other
studies in the literature have detected pathogens in bile speci-
mens most frequently as follows: E. coli (40.5%), Enterococcus
spp. (faecalis, faecium) (38.1%), and Klebsiella (23.8%).12,29

Another study found that the gram-negative enteric organisms
formed 84.3% of the bile isolates in which P. aeruginosa
(35.7%), E. coli (29.4%), Klebsiella spp. (21.5%), and
Citrobacter spp. (5%) were the most common organisms.8 These
findings are consistent with our results. This is due to the careful
setup in our microbiology laboratory, which led to better patho-
gen isolation without any delay due to transportation. Our results
are consistent with other international studies that reported
E. coli as the most common bacterial pathogen found in the bile
of malignant biliary obstruction, diabetic patients, and after
ERCP intervention.17–21 Also, E. coli was found to have a strong
association with ascending cholangitis, which leads to poor clini-
cal outcome. We carried out extensive search of published stud-
ies in the literature but could not find any specific findings
describing poor clinical outcome or poor sepsis control of
E. coli. Based on antibiotic sensitivity tests, we found that biliary
bacterial microorganisms were sensitive to meropenem in 54% of
cases and ciprofloxacin in 46% of cases. There have been reports
in the literature on antibiotic sensitivity toward meropenem,
amikacin, imipenem, and piperacillin-tazobactam.31,35 Also,
Bajaj et al. found sensitivity for colistin and aminoglycosides
(gentamicin and amikacin) as 26–38%.35 Furthermore, Suna
et al. found that carbapenems are extremely effective against
gram-negative bacteria in bile.36 Eventually, in all patients of
this study, biliary bacterial pathogens were found to be resis-
tant to a broad spectrum of antibiotics including cefixime
(38%), ceftriaxone (26%), amoxyclav (14%), cefotaxime
(14%), and ceftazidime (8%). Bajaj et al. found that biliary
gram-negative bacteria showed antibiotic resistance for ampi-
cillin (95–97%), cephalosporins (ceftriaxone and cefotaxime)
(79–91%), and quinolones (ciprofloxacin and ofloxacin) (55–
90%).35 In addition, Reiter et al. found that gram-negative
bacteria in bile showed high resistance for the following anti-
biotics: meropenem (94.8%), gentamicin (93.2%), cefepime
(80.4%), ciprofloxacin (79.4%), piperacillin-tazobactam
(72.9%), and third-generation cephalosporins (cefotaxime/cef-
triaxone) (71.7%).12 Furthermore, Kruger et al. reported that
the prevalence of antibiotic resistance in bacteriobilia was
50% for cefotaxime versus 26% for piperacillin-tazobactam.37

This high level of resistance is related to the widespread and
indiscriminate use of antibiotic therapy. The main strength of
this study is the applicability of its updated results to improve
the global treatment of patients and reach an excellent practice
at Sudanese national surgical centers. Also, this is the first
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study describing bacteriobilia and antibiotic sensitivity test
patterns in Sudan, where no prevalence data of bile infection
was available prior to this study. The small number of patients
is a limitation of our study that needs to be addressed. Future
studies are recommended to compare the findings of this study
with larger sample sizes and longer periods. In conclusion,
careful selection of empirical antibiotic therapy based on sur-
veillance of routine bile cultures during biliary tree procedures
in patients with high risk of bacteriobilia will potentially help
in improving the surgical outcomes and optimize treatment of
acute cholangitis, which is associated with high mortality.
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