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Background/Aims: This study assessed the antibiotic resistance organisms isolated from the blood and bile of acute cholangitis and
evaluated risk factors associated with them and their impact on clinical outcomes.

Methods: The identities and antibiotic resistance profiles of bacteria isolated from 433 cases of acute cholangitis from 346 patients were
analyzed. Risk factors and the outcomes of patients infected with them were assessed.

Results: Microorganisms were isolated from 266 of 419 blood cultures and 256 of 260 bile cultures. Isolates from bile and blood were
identical in 71% of the cases. A total of 20 extended spectrum-p-lactamase (ESBL)-producers and 4 carbapenemase-producing organisms
were isolated from blood, and 34 ESBL-producers and 13 carbapenemase-producers were isolated from bile. Sixty-four (14.8%) cases were
infected with any one of these bacteria isolated from blood or bile. Risk factors associated with them in blood were nosocomial infection
and prior biliary intervention. In bile, indwelling biliary device was a risk factor associated with them. Antibiotic-resistant bacteria were
associated with mortality, independent of other prognostic factors.

Conclusions: ESBL or carbapenemase-producing bacteria were frequently isolated in acute cholangitis patients especially with prior bili-

ary intervention and nosocomial infection. Isolation of antibiotic-resistant bacteria was an independent risk factor of mortality.
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INTRODUCTION

Acute cholangitis is most commonly caused by infection in
an obstructed biliary tract. Because bacteria that ascend the
biliary tree from duodenum is the main source of bacteriobi-
lia, gram-negative enteric bacteria are the main pathogens as-
sociated with it." Administration of broad-spectrum antibiot-
ics is recommended until the results of culture are available.”
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However, in recent years, some studies have reported that iso-
lates from acute cholangitis patients have changed due to the
frequent use of biliary devices and prior exposure to antibiot-
ics.** The major problem for infection control is the spread of
extended spectrum-p-lactamase (ESBL)-producing organisms
in the community as well as in the nosocomial setting.>* ESBL
hydrolyzes cephalosporins and confers resistance to most
B-lactams antibiotics. The rate of isolation of ESBL-producing
gram negative bacteria is higher in Asia, including Korea, than
in other regions.” Bacteremia caused by ESBL-producing bac-
teria results in high mortality unless appropriate antibiotics are
administered. Thus, it is important to regularly survey the rate
of infections caused by ESBL-producing bacteria.® In addition,
the emergence of carbapenemase-producing bacteria is a ma-
jor public health concern, because carbapenem is the most re-
liable therapeutic agent for ESBL-producing bacteria.’ These
bacteria may be intractable to the usual antibiotics and have a
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significant impact on clinical outcomes. Thus, a survey of the
profile of organisms that cause acute cholangitis is needed for
proper antibiotic selection. However, most of the few studies
that have been published on this subject used only a small sam-
ple size, showing different results among them.'*"*

We analyzed the organisms isolated from the blood and bile
of patients with acute cholangitis and determined their antibi-
otic resistance characteristics. In addition, we evaluated risk
factors associated with antibiotic-resistant bacteria and their

impact on clinical outcomes.

MATERIALS AND METHODS

Patients

We enrolled consecutive cases of acute cholangitis at Chung-
buk National University Hospital from July 2000 to June 2009.
Organisms of bile or blood were isolated from 433 cases of acute
cholangitis from 346 patients. Acute cholangitis was diag-
nosed by Charcot’s triad (fever or chills, jaundice, and abdomi-
nal pain) or two or more clinical manifestations (history of bil-
iary diseases and Charcot’s triad) and laboratory data showing
evidence of inflammatory response and abnormal liver func-
tion tests, and imaging findings of biliary dilatation or evidence
of etiology.'® Severe cholangitis was defined when it was associ-
ated with at least any one of the following organ dysfunction; hy-
potension, conscious disturbance, PaO,/FiO, ratio <300, serum
creatinine >2.0 mg/dL, PT-INR >1.5 or platelet count <1.0
x10°/uL."* Empirical antibiotics were applied with intravenous
cefotaxime, and intravenous metronidazole was added in se-
vere cholangitis. The infected bile was treated by drainage with
endoscopic retrograde cholangiopancreatography (ERCP) or
percutaneous transhepatic biliary drainage (PTBD) if biliary
obstruction was present. Intraductal bile specimens were col-
lected during ERCP or PTBD procedures from 260 cases. Spec-
imens were transferred into a sterile collection tube prior to
culturing. Blood cultures were also obtained from 419 cases.
Usually, 5 mL blood was obtained and transferred into aerobic
and anaerobic culture bottles, with at least two specimens ob-
tained per case.

Clinical data collection

Underlying biliary diseases were classified as either malignant
or benign. Cases with previous biliary interventions, such as
biliary stents, PTBD, endoscopic sphincterotomy (EST), and
operation, before acute cholangitis were identified. Recurrence
was defined as the occurrence of more than two cases of acute
cholangitis in one individual. Bacteria isolated within 48-hours
of hospitalization were considered community-acquired. We
also analyzed risk factors related to mortality.
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Identification and antimicrobial characterization of
causative organisms

Blood cultures were analyzed using an automated system
(BacTAlert 3D; bioMérieux, Marcy I'Etoile, France), and the
isolates were identified by conventional methods including
the Vitek system using a GNI or GPI card (bioMérieux, Ha-
zelwood, MO, USA). Antibiotic susceptibility tests were con-
ducted using either the Vitek system or the disc diffusion
method according to the Clinical Laboratory Standards Insti-
tute (CLSI) guidelines."” ESBL production was assessed using
the CLSI screening test and confirmed by the double-disk test
(20/10 g; BBL Microbiology System, Cockeysville, MD, USA)
and a cefotaxime (30 g; BBL Microbiology System), ceftazi-
dime (30 g; BBL Microbiology System), aztreonam (30 g; BBL
Microbiology System) or cefepime disk (30 g; BBL Microbiol-
ogy System). Carbapenemase production was determined us-
ing the modified Hodge test. Vancomycin resistance was
screened using vancomycin disk (30 g; BBL Microbiology Sys-
tem) diffusion and confirmed by the E test (AB Biodisk, Solna,
Sweden) in Enterococci. Methicillin resistance Staphylococcus
aureus (MRSA) was determined using an oxacillin (1 g; BBL
Microbiology System) or cefoxitin disk (30 g; BBL Microbiol-
ogy System).

Causative profiles and antibiotic-resistant bacteria

The microbiological results of blood and bile cultures were
analyzed. The positive rates of blood or bile cultures and in-
stances where the same organisms were isolated from both
blood and bile were evaluated. Isolation rates of ESBL or car-
bapenemase producers, multidrug resistant (MDR) Acineto-
bacter species, MRSA, and Vancomycin-resistant Enterococ-
cus (VRE) were evaluated. Multivariate analysis was perfor-
med to identify risk factors associated with resistant bacteria
and the prognostic factors of mortality.

All statistical analysis were performed using a statistical soft-
ware package (SPSS version 12.0 for Windows; SPSS Inc., Chi-
cago, IL, USA). Statistical analysis was performed using either
Pearson’s chi-square test, linear by linear association, or logistic
regression analysis, as appropriate. Statistical significance was
defined as a p-value of <0.05 (two-tailed).

RESULTS

Characteristics of acute cholangitis

The underlying biliary diseases were choledocholithiasis in
187 (54.0%) patients, and malignant and benign strictures in
146 (42.2%) and 13 (3.8%) patients, respectively. Severe chol-
angitis occurred in 107 (24.7%) cases. Three hundred sixty-
seven (84.8%) cases developed cholangitis in community set-
ting. Two hundred seventeen (50.1%) cases received prior bilia-
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Table 1. Characteristics of First and Recurrent Episodes of Acute Cholangitis

Parameter No. of cases First episode (n=268) Recurrent episode (n=165) p-value
Age 68+13 69+11 NS
Sex NS
Male 231 146 85
Female 202 122 80
Underlying Biliary diseases
Choledocholithiasis 218 (74) 142 (53.0) 76 (46.1) NS
Benign stricture 19 11(4.1) 8(4.8)
Malignant stricture 196 (75) 115 (42.9) 81(49.1)
Severe cholangitis NS
Yes 107 68 (25.4) 39 (23.6)
No 326 200 (74.6) 126 (76.4)
Community or hospital acquired <0.0001
Community acquired 367 215 (80.2) 152 (92.1)
Hospital acquired 66 53(19.8) 13(7.9)
Prior biliary intervention <0.0001
None 216 199 (74.3) 17 (10.3)
EST 78 16 (6.0) 62 (37.6)
PTBD 57 22(8.2) 35(21.2)
Biliary stent 69 23 (8.6) 46 (27.9)
Operation 13 8 (3.0) 5(3.0)
Clinical outcomes NS
Recovered 400 251 (93.7) 149 (90.3)
Expired 33 17 (6.3) 16 (9.7)

Values are presented as mean+SD or number (%).

NS, non significant; EST, endoscopic sphincterotomy; PTBD, percutaneous transhepatic biliary drainage.

ry intervention; EST in 78 cases, PTBD in 57 cases, biliary stent
in 69 cases, and surgery in 13 cases. Recurrent cholangitis oc-
curred in 165 (38.1%) cases (Table 1).

Profiles of organisms isolated from blood and bile

Causative organisms were isolated from 266 of 419 (63.4%)
blood cultures and 256 of 260 (98.5%) bile cultures. Isolates
from bile and blood were identical in 71% of cases. Escherich-
ia coli was the most common bacterium isolated and was pres-
ent in 40% of blood and 22% of bile specimens. The four most
common bacterial species isolated from blood were E. col,
Klebsiella pneumoniae, Enterococcus spp., and Pseudomonas
aeruginosa, and those from bile were E. coli, P. aeruginosa, En-
terococcus spp., and Enterobacter spp. Anaerobic bacteria (Bac-
teroides fragilis) were isolated from only five blood specimens
(Table 2). The rates of multiple organism isolation were 49 of
266 (18.4%) in blood and 100 of 256 (39.1%) in bile. Entero-
coccus species were frequently isolated from polymicrobial in-
fections in both blood (14.7% vs. 6.0%; p=0.013) and bile (18.2%
vs. 10.9%; p=0.058) specimens.

The rates and risk factors of antibiotic-resistant
bacteria

The antibiotic-resistant bacteria isolated from blood includ-
ed 20 ESBL-producing and 4 carbapenemase-producing or-
ganisms. Those isolated from bile included 34 ESBL-producing
bacteria, 13 carbapenemase-producing bacteria, 3 MDR Aci-
netobacter, 1 VRE, and 1 MRSA. Resistant bacteria comprised
7.4% of blood and 13.6% of bile isolates. Sixty-nine (15.9%) cas-
es were comprised with any one of antibiotic-resistant bacteria
isolated from blood or bile. Risk factors associated with ESBL
or carbapenemase-producing organisms from blood were pri-
or biliary intervention (p=0.016) and nosocomial infection (p=
0.048). In bile, indwelling biliary devices (p=0.024) was a risk
factor associated with them (Table 3).

The effect of antibiotics resistant bacteria
on the mortality

A total of 33 out of 346 patients died during acute cholangi-
tis cases. Twenty-seven patients with biliary malignancy, one
with primary sclerosing cholangitis, and five with choledocho-
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Table 2. Bacteria Isolated from Blood and Bile in Acute Cholangitis
cases

Bacteria Isolates in blood Isolates in bile

Aerobic gram (-) bacteria

Escherichia coli 130 (39.9) 83(22.1)
Klebsiella pneumoniae 56 (17.2) 43 (11.4)
Pseudomonas aeruginosa 23(7.1) 59 (15.7)
Enterobacter sp. 16 (4.9) 47 (12.5)
Acinotobacter sp. 1(0.3) 6(1.6)
Other enterobacteriaceae 9(2.8) 37(9.8)
Aerobic gram (+) bacteria
Enterococcus 29 (8.9) 57 (15.2)
Coagulase negative 20(6.1) 0(0.0)
staphylococcus
Stenotrophomonas maltophila 2(0.6) 10 (2.7)
Other glucose-nonfermenter 17 (5.2) 20 (5.3)
Streptococcus pneumoniae 2(0.6) 1(0.3)
Streptococcus viridans 8(2.5) 6(1.6)
Others 11 (4.0 6 (1.6)
Total bacterial species 326 (100) 376 (100)

Values are presented as number (%).
“Bacteroides fragilis 5 cases, candida spp. 2 cases, yeast 2 cases, and
others 2 cases.

Table 3. Multivariate Analysis of Risk Factors Associated with
ESBL or Carbapenemase Producing Bacteria from Blood or Bile in
Acute Cholangitis

Variable p-value Oddsratio 95% CI
Blood
Hospital acquired 0.050 2.6 1.0-6.9
Prior biliary intervention 0.006 44 1.5-12.8
Malignant biliary obstruction ~ 0.673 0.8 0.3-2.1
Bile
Hospital acquired 0.106 1.9 0.9-4.0
Recurrent cholangitis 0.580 1.2 0.6-2.5
Indwelling biliary device 0.047 23 1.0-5.4
Malignant biliary obstruction ~ 0.911 1.0 0.5-2.3

ESBL, extended spectrum-B-lactamase; CI, confidence interval.

lithiasis expired during an episode of acute cholangitis. Risk
factors associated with mortality were malignant biliary ob-
struction, severe cholangitis, nosocomial infection, and isola-
tion of antibiotics-resistant bacteria in bile or blood (Table 4).
Multivariate analysis revealed that isolation of antibiotic-resis-
tant bacteria was associated with mortality, independent of oth-
er prognostic factors such as malignant biliary obstruction and
severe cholangitis (Table 5).
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DISCUSSION

Acute cholangitis results from cholestasis and bacteriobilia.!
Generally, bacteriobilia alone does not cause acute cholangitis.
Obstruction of the bile duct causes an increase in intraductal
pressure. Presence of pus under pressure in the bile ducts leads
to rapid spread of bacteria via the hepatic sinusoids into the
systemic circulation, causing septicemia.' In the present study,
all acute cholangitis cases had structural abnormalities in bili-
ary tract.

Bacteria can be isolated from 21% to 71% of blood and 80%
to 100% of bile specimens from individuals with acute cholan-
gitis.'*" In this study, causative organisms were isolated from
63.4% of blood specimen and 98.5% of bile culture. Because the
organisms isolated from blood reflect a similar distribution to
those from biliary cultures, bile culture can provide important
information for antibiotic selection.'”” In this study, identi-
cal bacteria were isolated from both bile and blood in 71% of
cases.

Antibiotic-resistant bacteria such as ESBL or carbapenemase
producers, VRE, and MRSA are recalcitrant to clearance with
the most commonly employed antibiotics.” VRE and MRSA
play only a minor role in acute cholangitis; however, antibiotic
resistance mediated by production of ESBL and/or carbapen-
emase has become an obstacle to treating acute cholangitis.>
The antimicrobial surveillance studies has revealed a general-
ized rise in antibiotic resistance over time.* Recent data from
the global Study for Monitoring Antimicrobial Resistance
Trends showed that in the Asia-Pacific region and in Latin
America, 40% and 30% of E. coli and Klebsiella spp. respec-
tively, from patients with intra-abdominal infections were ES-
BL-positive.”” In this study, 64 (14.8%) cases were infected with
any one of ESBL or carbapenemase producing bacteria isolated
from blood or bile. These data showed antibiotic-resistant
bacteria were frequently isolated in acute cholangitis patients,
suggesting the importance of recognizing recent changes in
antibiotic-resistant profiles in these patients.

A recent study of community-acquired urinary tract infec-
tions showed that ESBL-producing E. coli was frequently iso-
lated from subjects who had used antibiotics previously, those
with recurrent infection, and in those who had undergone in-
vasive urinary tract procedures.” The emergence of metallo-lac-
tamases with activity against carbapenems has compromised
the clinical utility of this class of antibiotic. One study showed
that the risk factors for carbapenem-resistant E. coli acquisition
are previous use of carbapenem and metronidazole, presence
of a biliary drainage catheter, and prior hospital stay.”® These
data demonstrate that ESBL- or carbapenemase-producing or-
ganisms are isolated frequently from cases with previous expo-
sure to several antibiotics or bacterial colonization of indwell-
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Table 4. Characteristics of Acute Cholangitis according to Clinical Outcomes
Parameter No. of cases Death (n=33) Improved (1=400) p-value
Age 68114 69112 NS
Sex NS
Male 231 19 212
Female 202 14 188
Underlying biliary diseases <0.0001
Choledocholithiasis 218 5(15.2)" 213 (53.3)
Benign stricture 19 1(3.0)? 18 (4.5)
Malignant stricture 196 27 (81.8) 169 (42.3)
Severe cholangitis <0.0001
Yes 107 20 (60.6) 87 (21.8)
No 326 13 (39.4 313 (78.3)
Community or hospital acquired 0.021
Community acquired 367 23(69.7 344 (86.0)
Hospital acquired 66 10 (30.3 56 (14.0)
Isolation of antibiotics resistant bacteria in bile or blood <0.0001
Yes 69 14 (42.4) 55 (13.8)
No 364 19 (57.6) 345 (86.3)

Values are presented as number (%).
NS, not significant.

“Five cases include one hepatolithiasis and four choledocholithiasis presented with severe cholangitis; ”Primary sclerosing cholangitis.

Table 5. Multivariate Analysis of Risk Factors Associated with
Mortality in Acute Cholangitis Patients

Variable p-value  Oddsratio 95% CI
Age 0.740 1.0 0.9-1.0
Hospital acquired 0.193 1.9 0.7-4.7
Severe cholangitis 0.000 89 3.9-20.6
Malignant biliary obstruction ~ 0.000 7.7 2.8-21.2
ESBL or carbapenemase 0.001 3.9 1.7-9.0
producers

CI, confidence interval.

ing devices.

In this study, ESBL or carbapenemase producing bacteria
isolated from blood are associated with prior biliary interven-
tion and nosocomial infection. Failure of the enteric-biliary
barrier due to stent placement may be an important factor in
mixed bacterial colonization of the bile duct.’ In an animal
model, sphincterotomy and/or biliary stent placement caused
heavy ductal contamination.' Prior biliary intervention includ-
ing EST can make a larger inoculum of bacteriobilia, which
may contribute the acquisition of ESBL- or carbapenemase pro-
ducing bacteria in the condition of biliary obstruction. In this
study, among 16 cases with community acquired ESBL or car-
bapenemase producing bacteria in blood stream, 13 cases re-
ceived biliary intervention before bacteremia. Nosocomial in-
fection has been introduced as a risk factor in previous studies

of antibiotic-resistant organisms.*"** Patients with prior hospi-
tal stay may have had more chances to be exposed to additional
antibiotics and to other patients with antibiotic-resistant or-
ganisms.

Infection by antibiotic-resistant bacteria typically has a poor
outcome.”** In this study; antibiotic-resistant bacteria were as-
sociated with mortality, independent of other prognostic fac-
tors such as malignant biliary obstruction and severe cholan-
gitis. One study showed that a delay in the institution of ap-
propriate antimicrobial therapy is mainly responsible for the
increased mortality related to ESBL producing bacteria blood-
stream infections.” Given the prevalence of antibiotic resistance,
blood and/or bile cultures are important to ensure effective an-
tibiotic therapy for patients with acute cholangitis. Also, the em-
pirical antibiotics used in these cases should be reconsidered,
especially in patients with a high risk of harboring antibiotic-
resistant bacteria.
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