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Abstract

Purpose Although the biliary tract is a common source of invasive infections, the epidemiology of cholangitis- and cho-
lecystitis-associated bloodstream infection (BSI) is not well defined. The objective of this study was to determine the inci-
dence, clinical determinants, microbiology of biliary tract-associated BSI, and predicted adequacy of common empiric
therapy regimens.

Methods All biliary tract-associated BSI in Queensland during 2000-2019 were identified using state-wide data sources.
Predicted adequacy of empiric antimicrobial therapy was determined according to microbiological susceptibility data.
Results There were 3,698 episodes of biliary tract-associated BSI occurred in 3,433 patients of which 2,147 (58.1%) epi-
sodes were due to cholangitis and 1,551 (41.9%) cholecystitis, for age- and sex-standardized incidence rates of 2.7, and 2.0
per 100,000 population, respectively. An increasing incidence of biliary tract-associated BSI was observed over the study
that was attributable to an increase in cholangitis cases. There was a significant increased risk for biliary tract-associated BSI
observed with advancing age and male sex. Patients with cholangitis were older, more likely to have healthcare associated
infection, and have more comorbidities most notably liver disease and malignancies as compared to patients with chole-
cystitis. The distribution of infecting pathogens was significantly different with polymicrobial aetiologies more commonly
observed with cholangitis (18.4% vs. 10.5%; p <0.001). The combination of ampicillin/gentamicin/metronidazole was pre-
dicted to have the overall highest adequacy (96.1%), whereas amoxicillin/clavulanate had the lowest (77.0%). Amoxicillin/
clavulanate (75.2% vs. 79.4%, p:0.03) and ceftriaxone/metronidazole (83.4% vs. 89.6%; p<0.001) showed significantly
inferior predicted adequacy for cholangitis as compared to cholecystitis.

Conclusions Bloodstream infections related to cholecystitis and cholangitis exhibit different epidemiology, microbiology,
and requirements for empiric therapy:.
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Introduction

In Australia, gallbladder pathology is common. A recent

4 Ian Gassiep study revealed that there were over 1 million hospitalisa-

i.gassiep@uq.edu.au

Faculty of Medicine, UQ Centre for Clinical Research, The
University of Queensland, Brisbane, QLD, Australia

Department of Infectious Diseases, Mater Hospital Brisbane,
Brisbane, QLD, Australia

Pathology Queensland, Royal Brisbane & Women’s Hospital,
Brisbane, QLD, Australia

Department of Intensive Care Services, Royal Brisbane and
Women’s Hospital, Level 3 Ned Hanlon Building, Brisbane,
QLD, Australia

Queensland University of Technology (QUT), Brisbane,
QLD, Australia

tions due to symptomatic gallbladder-associated disease and
almost 800,000 cholecystectomies performed from 2004 to
2019 [1]. Biliary tract infections (BTI) are a common cause
of gladder-associated hospitalisation and can be categorised
as cholecystitis or cholangitis [2, 3].

Acute cholecystitis, inflammation of the gallbladder, may
be defined as a combination of local signs such as positive
Murphy’s sign, systemic features including fever or ele-
vated white cell count, and imaging findings characteristic
of cholecystitis [3]. Approximately 90% of acute chole-
cystitis episodes are related to gallstones [4]. Cholangitis,
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inflammation of the bile duct system, may occur as a result
of biliary obstruction, often due to stones within the biliary
duct or due to malignancy. Acute cholangitis may be defined
as systemic inflammation including fever and laboratory
evidence of inflammation, cholestasis including jaundice or
abnormal liver function tests, and imaging demonstrating
biliary dilatation or aetiological evidence such as stricture
or stone [2].

BTIs are commonly associated with bloodstream infec-
tions (BSI) [5, 6]. Multiple studies have demonstrated the
most common causative pathogens include Escherichia
coli, Klebsiella sp., and Enterococcus sp. [7-9]. Rarely,
organisms such as Pseudomonas aeruginosa, Enterobac-
ter cloacae, and anaerobic bacteria are also associated with
bacteraemia [7—10]. Management of BTI involves antimi-
crobials, supportive therapies, and source control. Defini-
tive therapy involves cholecystectomy for cholecystitis and
endoscopic retrograde cholangiopancreatography (ECRP)
for cholangitis. In some cases percutaneous drainage may
be performed [11, 12].

Australia has a national therapeutic guideline that pro-
vides empiric antimicrobial therapy advice for common
presentations including both cholecystitis and cholangitis
[13]. There are limited data regarding the causative patho-
gens of bloodstream infection in patients with BTT in Aus-
tralia. Therefore, the current national guidelines are based
on international microbiological data, expert opinion, and
local antimicrobial resistance rates [14]. The authors aimed
to provide epidemiological data relating to BTI-associated
bloodstream infections in a large Australian population;
identify the causative pathogens for these clinical syn-
dromes; and determine if the current Australian guidelines
for empiric antimicrobial management are appropriate.
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Methods

A population-level retrospective cohort study including all
patients admitted to any Queensland public hospital was
performed. The study occurred between 1 January 2000
and 31 December 2019, and included all patients with
cholecystitis or cholangitis associated with a community-
onset bloodstream infection. Patients were identified
through the state-wide electronic pathology system (AUS-
LAB). Bloodstream infection was defined by the isola-
tion of a bacterium or yeast from a blood culture from a
patient. Repeat isolations within 30-days were considered
to represent the same episode. Polymicrobial bacteraemia
was defined as > 2 pathogens drawn within 48 h. Commu-
nity-onset bloodstream infection was defined as a positive
blood culture drawn prior to or within 48-hours of hos-
pital admission and was further classified as healthcare-
associated if associated with prior significant healthcare
exposure as defined by Friedman et al. [15—17]. Patients
were excluded if only a single positive blood culture
with a common skin contaminant (i.e. coagulase negative
Staphylococci, Bacillus sp., Corynebacterium sp., Cuti-
bacterium acnes, Propionibacterium sp., or viridans group
Streptococci (excluding Streptococcus anginosus group))
was identified [18].

Basic demographic, admissions information, and diag-
nostic and comorbidity information was obtained by linkage
to the state-wide hospital admissions database. We identi-
fied patients with biliary tract-associated infections from
within the overall population of patients with bloodstream
infection using ICD10 AM discharge codes “K8040” or
“K8000” or “K8001” or “K801” or “K8010” or “K8011”
or “K803” or “K8030” or “K839” or “K804” or “K800”
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or “K8041” or “K810” or “K811” or “K818” or “K819” or
“K830” or “K831” or “K832” or “K8031”. Data relating to
diagnosis of acalculous and calculous cholecystitis was not
available. Therefore, these diagnoses have been combined
as “cholecystitis” hereafter.

The empiric antimicrobial regimens assessed in this
study were selected based on a combination of national
and international guidelines [13, 19]. An adjudication
of predicted adequate empiric therapy in relation to the
microbiological data was made for each case based on
consensus of two infectious diseases consultants. Where
organisms were demonstrated to be susceptible to one or
more of the antibiotic regimens this was deemed to repre-
sent predicted adequacy of treatment, with the exception
of ciprofloxacin for Enterococcus sp. or Staphylococcus
aureus for which this was deemed inadequate. For iso-
lates where testing was not available, intrinsic resistance
(i.e. cephalosporin resistance in enterococci) or typi-
cal patterns of susceptibility (i.e. >95% metronidazole
susceptibility for most anaerobes) was used to make a
decision. For polymicrobial infections, regimens were
deemed to be inadequate if any of the isolates were non-
susceptible. Susceptibility results were interpreted using
The European Committee on Antimicrobial Susceptibil-
ity (EUCAST), version 13. Due to changes in interpreta-
tion and reporting over time, non-resistant isolates were
classified as susceptible (i.e. combining S — susceptible
and I — susceptible, increased exposure). Identification
of extended spectrum B-lactamase (ESBL) activity was
performed by the combination disc method as outlined by
EUCAST [20].

The human research ethics committee at the Royal Bris-
bane and Women’s Hospital approved the study and granted
a waiver of individual informed consent (LNR/2020/
QRBW/62,494).

Statistical analysis

Data was analysed using Stata 17 (StataCorp, College
Station, USA). The unit of analysis was incident BTI-
associated BSI episodes, and were reported as age- and sex-
standardised (2019 Queensland population) annual rates
per 100,000 population. Denominator data were obtained
from Queensland Health. The total annual number of sets
of bloods cultures performed was obtained from Pathology
Queensland. Incidence rate ratios (IRR) with exact 95%
confidence intervals (CI) were calculated for group compar-
ison. Categorical data were analysed using the Chi-square
test. Skewed continuous variable were reported as medians
with interquartile ranges (IQR) and compared using Wil-
coxon-Mann-Whitney tests. P values < 0.05 were deemed to
be statistically significant.

Results

There were 3,698 episodes of biliary tract-associated BSI
among 3,433 Queensland residents, with 210 (6.1%),
32 (0.9%), 13 (0.4%), six (0.2%), three (0.1%), and one
(<0.1%) having two, three, four, five, six, or seven incident
episodes, respectively. The majority (2,435; 65.9%) were
classified as community-associated and 1,263 (34.2%) were
healthcare-associated. Overall, 2,147 (58.1%) were diag-
nosed with cholangitis and 1,551 (41.9%) with cholecystitis.

The age- and sex-standardized incidence of biliary tract-
associated BSI was 4.7 per 100,000 population, and this was
2.0 and 2.7 per 100,000 annually for cholecystitis and chol-
angitis, respectively. During the twenty-year study there
was an increasing incidence of biliary tract-associated BSI
that was attributable to an increase in cholangitis as shown
in Fig. 1. No monthly or seasonal variation trends in occur-
rence were observed.

There was a significant increased risk for BTI-associated
BSI observed with advancing age and male sex as shown in
Fig. 2. BTI-associated BSI was rare in those aged less than
40 (45; 1.2%) years of age. All 13 cases occurring among
those aged less than 20 years were due to cholangitis of
which nine occurred in those aged less than one year all of
whom had underlying comorbidities. An overall higher inci-
dence was observed in males as compared to females (5.2
vs. 3.3 per 100,000; IRR 1.6; 95% CI, 1.47-1.68), with the
excess risk in males related to the oldest age groups (Fig. 2).
Similar risks related to age and sex were observed with both
cholecystitis and cholangitis as shown in Fig. 2.

Patients with cholangitis were older, more likely to have
healthcare-associated infections, and had more co-mor-
bid illnesses than patients with cholecystitis as shown in
Table 1. Although the number with mild to moderate comor-
bidity were similar, patients with cholecystitis were more
likely to have a zero Charlson comorbidity index score and
less likely to have severe (i.e. 5 or more) scores as shown in
Table 1. The differences in comorbidities were driven pre-
dominantly by significantly higher rates of cancer and liver
disease among patients with cholangitis (Table 1).

Microbiology

A total of 4,404 incident isolates were obtained from 3698
episodes of bloodstream infection. The microbiology of
all isolates overall is displayed in Supplementary Table 1.
Monomicrobial aerobic Gram negatives accounted for 2,
833/3698 (77%) of infections. Polymicrobial infections
accounted for 559/3,698 (15%) episodes. Cholangitis was
associated with nearly twice the risk for polymicrobial infec-
tions as compared to cholecystitis (396/2,147; 18.4% vs.
163/1,551; 10.5%; p<0.001). ESBL-producing organisms
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Table 1 Clinical features of biliary tract-associated bloodstream infec-
tion

Factor Cholecystitis Cholangitis ~ P-value
(n=1,551) (n=2,147)

Median age (interquartile ~ 73.4 75.4 <0.001

range) (62.9-80.9)  (65.6-83.1)

Male sex (%) 973 (62.5) 1,287 (59.9) 0.13

Infection onset (%) <0.001

Healthcare-associated 425 (27.4%) 838 (39.0%)

Community-associated 1126 (72.6%) 1309 (61.0%)

Median Charlson comor- 1(0-2) 2 (0-4) <0.001

bidity index (interquartile

range)

Charlson comorbidity <0.001

index scores

0 666 (42.9) 751 (35.0)

2-3 499 (32.2) 641 (29.9)

34 217 (14.0) 331 (15.4)

>5 169 (10.9) 424 (19.8)

Myocardial infarction 137 (8.8) 178 (8.3) 0.59

Congestive heart failure 201 (13.0) 239 (11.1) 0.10

Peripheral vascular disease 71 (4.6) 88 (4.1) 0.51

Dementia 66 (4.3) 104 (4.8) 0.43

Pulmonary disease 170 (11.0) 193 (9.0) 0.050

Rheumatic disease 17 (1.1) 24 (1.1) 1.0

Peptic ulcer disease 31(2.0) 31(1.4) 0.20

Plegia 47 (3.0) 43 (2.0) 0.051

Renal disease 195 (12.6) 250 (11.6) 0.40

Human immunodeficiency 1 (0.1) 1(0.1) 1.0

virus

Malignancy (%) <0.001

None 1445(93.2) 1681 (78.3)

No metastasis 74 (4.8) 233 (10.9)

Metastasis 32(2.1) 233 (10.9)

Diabetes 421(17.2) 544 (25.3) 0.23

Liver disease (%) <0.001

None 1434 (92.5) 1900 (88.5)

Mild 79 (5.1) 137 (6.4)

Severe 38 (2.5) 110 (5.1)
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were only identified in 1.6% of patients (52/2,283 E. coli
and 7/682 K. pneumoniae), and 95% (56/59) occurred after
2010. Organisms considered to have moderate to high risk
of clinically significant inducible AmpC enzyme produc-
tion including Hafnia alvei, Enterobacter cloacae complex,
Citrobacter freundii complex, and Klebsiella aerogenes
(HECK organisms) accounted for 5.5% (244/4,404) of iso-
lates in 6.5% of patients (241/3,698) patients. Vancomycin-
resistant Enterococci (VRE) were rare and accounted for
0.1% (5/4,404) of organisms identified. Although most iso-
lates were Enterobacterales, there was a significant differ-
ence in distribution of organisms (p <0.001) causing biliary
tract-associated bloodstream infection among cholecystitis
and cholangitis cases (Table 2).

Predicted adequacy of common empiric treatment
regimens

The predicted adequacies of empiric treatment regimens
commonly recommended by guidelines for 3,698 biliary
tract-associated bloodstream infection episodes are shown
in Table 3. The combination of ampicillin (AMP)/gentami-
cin (GEN)/metronidazole (MET) had the overall highest
adequacy (3,552; 96.1%); whereas amoxicillin/clavulanate
(AMC) had the lowest (2,846; 77.0%). There was no sta-
tistically significant difference in pathogens and therefore
adequacy of therapy between community-associated and
healthcare-associated infections. Notably the adequacy
of empiric therapies were significantly different between
cholecystitis and cholangitis with ceftriaxone (CTR)/MET
and AMC demonstrating lower adequacy for cholangitis
(Table 3). Overall, AMC demonstrated the highest rate of
inadequate treatment (852/3,698, 23%), with the majority
of these occurring in monomicrobial infections (498/852,
58%). A primary contributing factor to AMC inadequacy
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Table 2 Organisms causing biliary tract-associated bloodstream infection

Organism

Cholecystitis (n=1551)

Cholangitis
(n=2147)

Escherichia coli
Klebsiella species

823 (53.1%)
242 (15.6%)

1055 (49.1%)
355 (16.5%)

Other Enterobacterales 98 (6.3%) 147 (6.9%)
Anaerobes 59 (3.8%) 20 (0.9%)
Enterococcus species 38 (2.5%) 58 (2.7%)
Staphylococcus aureus 33 (2.1%) 11 (0.5%)
Streptococcus anginosus group 31(2.0) 17 (0.8)
Other Gram negatives 23 (1.5%) 39 (1.8%)
Other streptococci 17 (1.1) 7(0.3)
Pseudomonas species 12 (0.8%) 39 (1.8%)
Other Gram positives 11 (0.7) 3(0.1)
Candida rugosa 1 (0.1%) 0
Polymicrobial 163 (10.5) 396 (18.4)

Table 3 Adequacy of commonly recommended empiric regimens for
biliary tract-associated bloodstream infections

Regimen Cholecystitis Cholangitis p-value
(n=1551) (n=2147)
AMP+GEN+MET 1485 (95.7%) 2067 (96.3%)  0.44
CTR+MET 1389 (89.6%) 1791 (83.4%)  <0.001
PIT 1463 (94.3%) 1994 (92.9%)  0.080
AMC 1231 (79.4%)  1615(75.2%)  0.003
CIP+MET 1427 (92.0%) 1966 (95.6) 0.67

Antimicrobial abbreviations: AMP: ampicillin; GEN: gentamicin;
MET: metronidazole; CTR: ceftriaxone; PIT: piperacillin-tazobac-
tam; AMC: amoxicillin-clavulanate; CIP: ciprofloxacin

was E. coli resistance. 51% (254/498) of E. coli isolates
were resistant to AMC. In vitro susceptibility of the HECK
organisms was demonstrated for 78% (190/244) PIT, 75%
CTR (182/244), and 8% AMC (20/244), respectively.

Discussion

This study reveals an increasing incidence of biliary tract
infection-associated bloodstream infections in a large Aus-
tralian population. Age was found to be a significant risk
factor in our cohort, with the majority of infections occur-
ring in those over 70 years. Notably, Queensland has an
ageing population, with those aged over 65 years increasing
by 3.6% from 2011 to 2021 [21]. Given the growth of this
at-risk population, the incidence of BTI-associated blood-
stream infection is likely to continue to increase.

We report a higher incidence of bloodstream infection
associated cholangitis as compared to cholecystitis. While
this is similar to previous international data, the proportion
of cholangitis cases (58%) in our study is lower than the
77-82% reported elsewhere [7, 22]. Similarly, only 11% of
patients in our cohort had an underlying malignancy as com-
pared to 25—41%, which may provide a partial explanation

for the aforementioned difference in cholangitis incidence
[7, 8, 22].

As expected, monomicrobial Gram negative infection
was the most common microbiological diagnosis for BTI-
associated BSI. Consistent with previous publications, poly-
microbial infections were common. Enterococci, which are
reported to cause 8—20% of infections were less frequent in
our cohort with involvement of 2.5-2.7% of monomicrobial
episodes (Table 2) and 4.5-8.1% of overall isolates (Supple-
mentary Table 1) [7-9, 22]. Additionally, Pseudomonas sp.
only accounted for approximately 1% in cholecystitis and
2% of infections in cholangitis patients which is lower than
observed in previously published results [9, 19]. The reason
for discrepancies in pathogen incidence are unclear, but may
be related to regional differences. Alternatively, the compar-
ative analysis may be affected by sample size. Our cohort
consists of over 3,500 episodes of BTI-associated blood-
stream infection. Whereas, the sample sizes of international
studies ranged from 75 to 568 patients [9, 23].

The current Australian guideline recommendation for
management of BT]Is is differentiated according to actiology
[13]. Empiric antimicrobial therapy for calculous cholecys-
titis suggests intravenous (IV) gentamicin and ampicil-
lin; amoxicillin-clavulanate; or ceftriaxone. The guideline
states that acute acalculous cholecystitis is uncommon and
that pathogens associated with this presentation include
Enterobacterales, streptococci, Pseudomonas aeruginosa,
and anaerobes. Therefore, empiric therapy for this condi-
tion includes ampicillin, gentamicin, and metronidazole or
piperacillin-tazobactam monotherapy. Finally, empiric ther-
apy for acute cholangitis includes ampicillin and gentami-
cin; ceftriaxone; or piperacillin-tazobactam. In the present
study cholecystitis is not classified by aetiology. However,
taken together, the combination of ampicillin, gentamicin,
and metronidazole was the most likely to provide adequate
antimicrobial cover. The current guideline recommendation
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to not include specific anaerobic cover for cholangitis
appears reasonable.

Previous guidelines have suggested that where a com-
mon community-acquired pathogen demonstrates 10-20%
resistance to a given antimicrobial, then this agent should
be avoided [19, 24]. While piperacillin-tazobactam and
amoxicillin-clavulanate have similar spectra of activity,
these agents do not have the same in vitro activity [25].
The data presented in this study suggest a potential risk
of antimicrobial mismatch for 1 in 5 patients treated with
amoxicillin-clavulanate for cholecystitis. Additionally, the
role of ceftriaxone and metronidazole in the setting of chol-
angitis could be considered questionable. The need for an
anti-pseudomonal agent for either presentation may not be
justified given the low incidence in this setting.

The incidence of multi-resistant organisms in our cohort
is low. The rate of ESBL-producing E.coli (2.2%) is lower
in BTI-associated bloodstream infection patients com-
pared to previous population-based BSI data (4.2%) from
Queensland [26]. This is likely attributable to the fact that
this study reported on a substantial number of urinary
tract-associated BSIs. However, similar to our results, the
previous study demonstrated an increase in incidence of
ESBL-producing isolates from 2010 onwards [26]. As the
rate of increase was reported as 25% per year, it would be
pertinent to continue to review and potentially adjust local
empiric therapy guidelines within the next 10 years.

The current Infectious Diseases Society of America
(IDSA) management guideline recommends against the use
of CTR or PIT for invasive or serious infections caused by
organisms at moderate or high risk of clinically significant
AmpC production [27]. Currently, the incidence of these
organisms is < 10% in our cohort. Importantly, there is lim-
ited evidence regarding patient outcomes in the setting of
empiric therapy with these agents followed by switch to an
appropriate alternative agent. Therefore, even in the event
of a future increase in incidence of these organisms, an
empiric therapy adjustment may not be warranted.

There are several limitations in this study. Due to the ret-
rospective nature of the analysis all clinical data could not be
confirmed. Data relating to cause or chronicity of cholangi-
tis or cholecystitis was not assessable. Additionally, patient
treatment information was not available, and therefore treat-
ment outcomes data could not be assessed. The dataset for
this study was created from positive blood culture results.
Therefore, a denominator for total number of patients with
BTI-associated BSI could not be determined. The diagnoses
in this analysis were generated from discharge codes, and
therefore errors in coding may have occurred. Australia is
in a fortunate position with regards to the low prevalence
of multidrug resistant Enterobacterales in the commu-
nity. Consequently, the data presented in this study are not

@ Springer

generalizable to many regions. Notwithstanding these limi-
tations, this study provides substantial epidemiological and
microbiological data related to BTI-associated BSI.

Conclusion

The incidence of biliary tract-associated bloodstream infec-
tion is increasing in Queensland, Australia. The relative
rates of pathogens associated with these infections differ
from previously reported international data. Our findings
suggest that empiric amoxicillin/clavulanate therapy may
not be appropriate in this setting. Prospective clinical stud-
ies are required to define clinical outcomes and aid in refin-
ing future antimicrobial prescribing guidelines.

Supplementary Information The online  version  contains
supplementary material available at https://doi.org/10.1007/s10096-
024-04894-9.
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