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ABSTRACT
Objective Multiple factors predispose patients with 
cirrhosis to sepsis and/or bacteraemia and this has a high 
mortality rate. Within different geographical regions there 
are marked differences in the prevalence of infection with 
multidrug- resistant organisms (MDR). This study examined 
risk factors for and outcomes of sepsis/bacteraemia in 
public hospital admissions with cirrhosis in the state of 
Queensland, Australia, over the last decade, along with 
the bacterial pathogens responsible and their antibiotic 
susceptibility profiles.
Design A population- based retrospective cohort study of 
public hospital admissions was conducted from 1 January 
2008 to 31 December 2017. Hospital admissions for 
patients with a diagnosis of cirrhosis were categorised by 
the presence or absence of sepsis/bacteraemia. Clinical 
and sociodemographic information including cirrhosis 
aetiology, complications and comorbidities, and in- hospital 
mortality were examined using bivariate and multivariate 
analyses. In patients with bacteraemia, the type and 
prevalence of bacteria and antibiotic resistance was 
assessed.
Results Sepsis/bacteraemia was present in 3951 
of 103 165 hospital admissions with a diagnosis of 
cirrhosis. Factors associated with sepsis/bacteraemia 
included disease aetiology, particularly primary sclerosing 
cholangitis (adj- OR 15.09, 95% CI 12.24 to 18.60), alcohol 
(adj- OR 2.90, 95% CI 2.71 to 3.09), Charlson Comorbidity 
Index ≥3 (adj- OR 3.54, 95% CI 3.19 to 3.93) and diabetes 
(adj- OR 1.87, 95% CI 1.74 to 2.01). Overall case- fatality 
rate among admissions with sepsis/bacteraemia was 
27.7% (95% CI 26.3% to 29.1%) vs 3.7% (95% CI 3.6% to 
3.8%) without sepsis/bacteraemia. In- hospital death was 
significantly associated with sepsis/bacteraemia (adj- OR 
6.50, 95% CI 5.95 to 7.11). The most common organisms 
identified were Escherichia coli and Staphylococcus 
aureus, present in 22.9% and 18.1%, respectively, of 
the 2265 admissions with a positive blood culture. The 
prevalence of MDR bacteria was low (5.6%)
Conclusion Morbidity and mortality related to sepsis/
bacteraemia in patients with cirrhosis remains a critical 
clinical problem.

INTRODUCTION
During hospitalisation, bacterial infec-
tions occur in 25%–35% of patients with 
cirrhosis1 and are responsible for much of 

the morbidity, mortality and resource utilisa-
tion in this population.2 The most common 
infections include spontaneous bacterial 
peritonitis (SBP), urinary tract infections 
(UTI), pneumonia and soft tissue infections.3 

Summary box

What is already known about this subject?
 ► Sepsis and bacteraemia occur commonly in patients 
with cirrhosis, with marked differences in the prev-
alence of infection with multidrug- resistant (MDR) 
organisms and in patients’ clinical characteristics 
within different geographical regions. Large glob-
al cross- sectional studies have been completed 
on the epidemiology and outcomes of bacterial 
infections in hospitalised patients with cirrhosis, 
however, Australia was not included and there are 
no population- based data available from this geo-
graphical region.

What are the new findings?
 ► In this study, factors associated with sepsis/bac-
teraemia included disease aetiology, particularly 
primary sclerosing cholangitis and alcohol, high 
comorbidity burden, and diabetes. The prevalence 
of MDR bacteria in cirrhotic patients in Australia 
was lower than that of reported data from Europe, 
Asia and the USA. Moreover, methicillin- resistant 
Staphylococcus aureus was the most common 
MDR organism in Australia cirrhotic patients while 
other bacteria (ie, ESBL, Escherichia coli) have been 
reported as the most common MDR organism in 
European patients with cirrhosis.

How might it impact on clinical practice in the 
foreseeable future?

 ► Empirical antibiotic treatment protocols should be 
adapted to local epidemiology along with evidence- 
based sepsis management protocols such as timely 
initiation of antibiotic therapy, lower threshold for 
and access to intensive care services, and appro-
priate fluid resuscitation. There is also the need 
for vigilance about infection- prevention measures, 
particularly in older patients with type 2 diabetes 
mellitus and alcohol- related liver disease who have 
a high risk of sepsis.
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In addition, blood stream infections are common, occur-
ring in 4%–21% of patients with cirrhosis,4 along with 
an increased risk of developing bacteraemia during 
other infections3 . Irrespective of liver disease aetiology, 
multiple factors predispose cirrhotic patients to bacter-
aemia; including increased translocation of gut- resident 
bacteria,5 cirrhosis- associated immune dysfunction6 and 
the requirement for invasive procedures or indwelling 
devices during hospitalisation. Bacterial infections may 
lead to sepsis (defined as suspected or confirmed infec-
tion in the presence of an organ failure)7 and may precip-
itate or worsen hepatic decompensation.

In patients with cirrhosis, bacteraemia has a mortality 
rate between 23% and 58%,8 significantly higher than 
other bacterial infections8, or bloodstream infections 
in patients without cirrhosis.9 The increase in mortality 
is due to haemodynamic and immune system- related 
alterations that occur in cirrhosis, and prompt empirical 
antibiotic therapy is key to optimising patient outcomes.7 
Appropriate antibiotic selection is guided by the local 
epidemiology of bloodstream infections and the prev-
alence of antibiotic- resistant bacteria. Recent studies 
from Europe,10 Asia11 and the USA12 demonstrate that a 
substantial proportion (23%–44%) of cirrhotic patients 
with bacterial infections have multidrug- resistant organ-
isms (MDRO), which may lead to inappropriate empiric 
antibiotic therapy and higher mortality. Increasing prev-
alence of antibiotic resistance in patients with cirrhosis 
is likely driven by recurrent hospital admissions, invasive 
procedures and frequent exposure to prophylactic or 
therapeutic antibiotics, however, the prevalence may also 
be influenced by local or regional measures13 to prevent 
the spread of antibiotic resistance.

Although the epidemiology and outcomes of bacte-
rial infections in hospitalised patients with cirrhosis have 
recently been examined in a global cross- sectional study,14 
Australia was not included in this study, and there are 
no population- based data available from this geographic 
region. This is important due to marked differences 
in the prevalence of infection with MDRO and in the 
demographic and clinical characteristics of patients with 
cirrhosis from different countries.14 While in many parts 
of the Asia- Pacific region antimicrobial use is largely 
unregulated, Australia has a national antimicrobial resis-
tance strategy to promote a coordinated response to this 
problem.15 Conducting this study in Queensland which 
is the third most populous Australian state and with a 
large proportion of its population in regional areas, 
allowed the inclusion of large numbers of patients from 
a mix of regional and metropolitan area health services. 
As Australia has a universal health system, results from 
this Queensland study are likely to be generalisable to 
patients with cirrhosis in other Australian states.

In Australia, excessive alcohol consumption remains 
the most important factor contributing to cirrhosis, while 
the burden of metabolic comorbidity increased during 
2008–2016.16 In particular, the prevalence of coding for 
type 2 diabetes mellitus (T2DM) among patients with 

cirrhosis doubled from 13.7% in 2008–2010 to 25.4% in 
2014–2016.16 However, it remains unclear whether this 
changing prevalence of aetiological factors and comor-
bidities has an impact on the risk of sepsis and bacter-
aemia in people hospitalised for cirrhosis or the clinical 
outcomes of these infections. Therefore, the aim of this 
study was to describe the epidemiology of bacterial infec-
tion and sepsis in a population- based study of Queensland 
public hospital admissions with cirrhosis over the last 
decade and identify risk factors across the spectrum of 
clinical severity, namely: sepsis regardless of bacteraemia, 
bacteraemia without sepsis, and uncomplicated infection 
without sepsis or documented bacteraemia. We will also 
assess mortality in these patients and identify the most 
common bacterial pathogens and their antibiotic suscep-
tibility profiles.

METHODS
Study design
A population- based retrospective cohort study of all adults 
treated in hospital with cirrhosis in Queensland during 
1 January 2008 and 31 December 2017 was conducted. 
The primary data sources were the Queensland Hospital 
Admitted Patient Data Collection (QHAPDC) that 
contains information on all hospital episodes of care 
for patients admitted to Queensland public and private 
hospitals, and the AUSLAB database that contains all 
pathology data including information on infections of 
patients admitted to Queensland public hospitals.

Setting and participants
All adult patients discharged from a Queensland public 
or private hospital during 2008–2017 with a ‘principal 
diagnosis’ or ‘other diagnosis’ of cirrhosis, or related 
complications or procedures, and/or died during 
2008–2017 with a principal or other cause of death of 
cirrhosis or related complications were ascertained. The 
study cohort (referred to as ‘parent cohort’) was iden-
tified via a comprehensive list of ICD- 10- AM diagnosis 
and procedure codes provided to the Statistical Analysis 
Linkage Unit. We obtained pathology data from AUSLAB 
pertaining to infections in Queensland public hospitals, 
namely microbiological culture from blood and ascitic 
fluid, causative pathogens, and their antibiotic suscepti-
bility profiles for the parent cohort. Blood culture data 
was used in the analysis, while ascitic fluid culture and 
neutrophil count were used to define SBP. Patient clin-
ical and demographic data were linked to microbiology 
data for each admission.

Data analysed here included all hospital admissions 
of adult patients with cirrhosis who were identified 
from ICD‐10‐AM codes. We excluded admissions where 
the patient’s age was <20 years, residential location was 
unknown, interstate or overseas, and admissions to 
private hospitals. The latter were excluded because the 
AUSLAB database did not include pathology data from 
private hospitals. Adult patients younger than 20 years of 
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age were excluded because the Statistical Analysis Linkage 
Unit only provided age groups (5- year age group, capped 
at 75+ years) and we could not identify adult patients 
within the 15–20 years age group. Details regarding the 
selection of hospital admissions of patients with cirrhosis 
have been described previously.17 Briefly, a patient with 
cirrhosis was defined by hospitalisation that included at 
least one ICD‐10‐AM code for cirrhosis (K70.3, K74.4, 
K74.5, K74.6), hepatocellular carcinoma (HCC) (C22.0), 
alcoholic hepatic failure (K70.4), hepatic failure unspec-
ified (K72.9), ascites (R18), varices with or without 
bleeding (I85.0, I85.9, I98.3, I98.2, I86.4), hepatorenal 
syndrome (K76.7) and portal hypertension (K76.6) as 
primary diagnosis or other diagnosis. Patients with portal 
hypertension related to primary thrombophilia (D68.5, 
D68.6) and schistosomiasis (K77.0, B65.1, B65.9) were 
classified as non- cirrhotic. The accuracy of this algorithm 
for identification of patients with cirrhosis has been 
reported to have a 76% negative predictive value (95% 
CI 0.67 to 0.84) and 88% positive predictive value (95% 
CI 0.84 to 0.90).17

The AUSLAB database included 208 220 results linked 
to this time period and patient cohort; 27 580 were 
excluded because they were not linked to an admission 
in the parent cohort; 21 672 were excluded based on 
age, residence outside Queensland, or private hospital 
admission. There were a total of 158 968 eligible 
AUSLAB results: 93 923 were from patients with cirrhosis 
as defined by the abovementioned algorithm, and 65 
045 were from admissions that preceded the cirrhosis 
diagnosis.

Variables
Clinical and sociodemographic information as well as 
information about hospital discharge (eg, in- hospital 
mortality) for all hospital episodes of care were obtained 
from QHAPDC. Patients’ residential postcodes were used 
to determine area- based index of relative socioeconomic 
disadvantage score18 and remoteness of residence.19 Aeti-
ology of liver disease and comorbidity at each admission 
was determined based on recorded ICD code for primary 
or other diagnosis. Comorbidity burden at the index 
admission was measured using the Charlson Comorbidity 
Index (Charlson index)20 using validated coding algo-
rithms.21 Length of hospital stay was calculated by adding 
all days the patient was an admitted patient during one 
hospital stay, including when patients were transferred 
within the same or to another hospital. Patients were 
categorised as ‘in- hospital death’ if status at separation 
of patient was ‘death’, and as ‘live discharge’ if status at 
separation of patient was ‘discharge’ or ‘transfer’. The 
primary outcomes of interest were the presence of sepsis 
and in- hospital mortality.

Patient selection
All hospital admissions were categorised by the presence 
vs absence of sepsis/bacteraemia (figure 1). Hospital 
admissions were considered positive for sepsis if they had 
an ICD code for sepsis (A40 or A41, (online supplemental 
table 1) with or without bacteraemia (a blood culture 
that has grown a bacteria that is not considered a contam-
inant)(figure 1). As medical records were not reviewed, 
admissions in which the patient had a single culture 
with a bacteria that could have been a contaminant were 

Figure 1 Pathway for categorising hospital admissions with sepsis/bacteraemia and uncomplicated infection.
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categorised as ‘no bacteraemia’, and admissions with at 
least one positive blood culture that was not thought to 
be a contaminant were classed as ‘bacteraemia’. We were 
unable to determine if a patient had >1 episode of sepsis 
or bacteraemia during an admission. Common possible 
contaminants included Coagulase negative Staphylo-
cocci, Bacillus spp, Micrococcus spp, Actinomyces spp, 
Rhodococcus spp, Kocuria spp, Corynebacterium spp, 
Propionibacterium spp and mixed flora. Other infec-
tions examined included UTI, bacterial pneumonia/
lower respiratory tract infection, aspiration pneumonia 
and SBP. Presence of infection was determined based 
on recorded ICD code for primary or other diagnosis. 
Ascites was defined by the ICD- 10- AM code R18, and/
or the presence of an ascitic fluid sample linked to that 
hospital admission. For SBP the presence of infection was 
also confirmed by ascitic fluid polymorphonuclear count 
>250 cells/mm3 following interrogation of AUSLAB data.

Statistical methods
Analyses were conducted using Stata/SE (V.15; Stata) and 
JMP Pro V.14.1.0 (SAS Institute). Categorical variables 
were presented as numbers and percentages and the χ2 
test was used to compare categorical variables (Fisher’s 
exact test was used when one of the expected values in a 
table was less than 5). All p values were two sided.

Case- fatality rates (in- hospital deaths divided by 
hospital admissions) were calculated per calendar year 
and per calendar period (2008–2010 and 2015–2017).

Multivariable logistic regression was used to examine 
factors that were independent predictors of presence of 
sepsis. The decision as to which independent variables 
were included was first determined based on the results 
of bivariable analyses. We then performed multivariable 
analysis to appreciate the extent of confounding and 
applied stepwise model selection (p=0.20 as the signifi-
cance level at which variables were entered or removed 
from to the model). We also accounted for our previous 
analysis of this patient cohort that examined relation-
ships and dependencies among variables and their asso-
ciation with in- hospital mortality and/or sepsis, as well as 
the clinical relevance of variables.22 The final multivari-
able model for sepsis included sex, age group, remote-
ness of residence, socioeconomic status, diabetes and 
alcohol aetiology. Alcohol and diabetes were included in 
both models due to previously reported associations with 
susceptibility to infection and in- hospital mortality.23–25 
Sensitivity analyses were conducted by repeating the anal-
ysis excluding 1- day admissions,. Multivariable logistic 
regression was also used to examine factors that were 
independent predictors of in- hospital mortality. The 
final multivariable model included age group, alcohol 
aetiology, Charlson Comorbidity Index, sepsis/bacter-
aemia and complications of cirrhosis (ascites, hepatic 
encephalopathy, gastrointestinal bleeding, hepatorenal 
syndrome and HCC). The management and prognosis 
of various diseases included in the Carlson Comorbidity 
Index20 has changed substantially since the index was 

developed, altering the relevance of variables contained 
in the score. We have, therefore, created a second model 
with diabetes as an indicator of comorbidity risk, as it is 
a common comorbid condition in patients with cirrhosis 
and is associated with adverse patient outcomes including 
morbidity and mortality.23 Results are presented as ORs 
with 95% CIs.

RESULTS
Patient population and presence of sepsis/bacteraemia
During 2008–2017, 12 423 people aged ≥20 years had 103 
165 Queensland public hospital admissions with a diag-
nosis of cirrhosis, with 54.1% (55,825 admissions) longer 
than 1 day. Data were also analysed excluding 1- day 
admissions, as their clinical significance is likely different 
from that of longer admissions (eg, planned diagnostic 
or therapeutic procedures vs management of disease 
complications).

There was a predominance of male gender (69.2%), 
age 50–69 years (55.0%), 54.3% were classified in the 
lowest two quintiles of socioeconomic disadvantage and 
in 57.7% of admissions patients resided in a major city 
area. A liver disease aetiology was coded in 56.5% of 
all admissions (80.2% of admissions >1 day), including 
alcohol- related in 32.3%, chronic hepatitis C in 17.3%, 
chronic hepatitis B in 3% and non- alcoholic fatty liver 
disease/non- alcoholic steatohepatitis in 2.4%.

At least one blood culture was taken in 15 592 (15.1%) 
of the 103 165 admissions and in 2265 admissions (2.2%), 
≥1 blood culture grew an organism that was not consid-
ered a contaminant. In 810 (0.8%) admissions, a bacteria 
that was considered a contaminant (5.2% of patients 
that had a culture taken) was identified. Blood cultures 
were negative in 12 517 (12.1%) admissions (80.3% of 
patients that had a blood culture taken) (figure 1). No 
blood sample was taken in 87 573 admissions (84.9%). 
An ICD code for sepsis was recorded in 2969 admissions 
and a positive blood culture (bacteraemia) was seen in 
1283 of these (43.2%) (figure 1). Of the 2265 admissions 
with bacteraemia displayed in figure 1 and 1283 (57.6%) 
had an ICD code for sepsis. In a further 982 admissions 
without an ICD code for sepsis, the bacteria grown were 
considered likely to have caused a significant infection. 
In total, 3951 admissions comprised the sepsis/bacter-
aemia group (3.8% of total admissions; 7.4% of admis-
sions >1 day); an ICD code for sepsis was present in 75.1% 
(figure 1) and bacteraemia was present in 57.2%. Among 
the patients with sepsis/bacteraemia, ICD codes for UTI 
or bacterial pneumonia were present in 22% and 19.8% 
of admissions, respectively.

A 2.3- fold increase in the number of admissions with 
a diagnosis of sepsis/bacteraemia was observed during 
the 10- year study period (from 762 in 2008–2010 to 1742 
in 2015–2017). When considered as a proportion of all 
hospital admissions for patients with cirrhosis, the propor-
tion of admissions with sepsis/bacteraemia decreased 
from 4.6% in 2008–2010 to 3.8% in 2015–2017 (p<0.001). 
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The corresponding proportions among hospital admis-
sions>1 day were 7.5% and 7.1% (p=0.260), respectively. 
Over the 10- year study period admissions with a diagnosis 
of sepsis/bacteraemia had a median length of stay of 13 
days (IQR 7–26) compared with 2 days (IQR 1–5) for 
admissions without (p<0.001).

Risk factors across the spectrum of clinical severity of 
infections
Although there were significant differences in sociode-
mographic factors (gender, remoteness of residence and 
socioeconomic status) according to presence or absence 
of sepsis/bacteraemia, the differences were small. One- 
quarter of the admissions with sepsis/bacteraemia had a 
Charlson Comorbidity Index of ≥3 (reflecting a greater 
number and severity of comorbidities) compared with 
11% of admissions without sepsis/bacteraemia, with a 
difference in the prevalence of diabetes also significant 
(p<0.001). With respect to liver disease aetiology, there 
was a 10- fold higher prevalence of primary sclerosing chol-
angitis (PSC) in the admissions with sepsis/bacteraemia, 
compared with their counterparts, although the overall 
numbers were small. Complications of cirrhosis were also 
more prevalent in admissions with sepsis/bacteraemia, 
particularly hepatorenal syndrome, hepatic encephalop-
athy, ascites and SBP. In addition, the length of hospital 
stay was markedly different between admissions with and 
without sepsis/bacteraemia, with 61.5% of patients with 
sepsis/bacteraemia having an admission ≥10 days (online 
supplemental table 2).

In multivariate analysis, we examined the associations 
between sociodemographic and clinical factors across the 
spectrum of clinical severity, namely: sepsis and/or bacte-
raemia (overall), and sepsis regardless of bacteraemia, 
bacteraemia without sepsis, and uncomplicated infection 
without sepsis or documented bacteraemia. Overall, 19 
factors were associated with sepsis/bacteraemia (table 1). 
Of the factors included in the final multivariable model, 
alcohol as liver disease aetiology (adj- OR 2.90, 95% CI 
2.71 to 3.09) and diabetes (adj- OR 1.87, 95% CI 1.74 to 
2.01) were the strongest risk factors for sepsis/bacter-
aemia. As other studies reported a greater risk of infec-
tion with increasing severity of liver disease,25 we repeated 
the multivariable analysis adjusting for complications 
of cirrhosis (hepatorenal syndrome, hepatic encepha-
lopathy, ascites, jaundice, HCC and variceal bleeding) 
as a ‘surrogate’ of liver disease severity; alcohol- related 
admissions remained associated with sepsis/bacteraemia 
(adj- OR 2.12, 95% CI 1.98 to 2.28).

Other socioeconomic and clinical factors exam-
ined were strongly associated with sepsis/bacteraemia 
including Charlson Comorbidity Index of ≥3 (adj- OR 
3.54, 95% CI 3.19 to 3.93), complications of cirrhosis 
(the highest ORs were for hepatorenal syndrome 
(adj- OR 4.53, 95% CI 3.85 to 5.34) and hepatic enceph-
alopathy (adj- OR 4.26, 95% CI 3.77 to 4.81) and liver 
disease aetiology, particularly PSC (adj- OR=15.09, 95% 
CI 12.24 to 18.60). Of infections, aspiration pneumonia 

(adj- OR=8.77, 95% CI 7.58 to 10.15) and SBP (adj- OR 
8.55, 95% CI 7.27 to 10.06) were strongly associated with 
sepsis/bacteraemia. Longer length of stay was signifi-
cantly associated with sepsis/bacteraemia, with the odds 
of admissions longer than 30 days including sepsis/bacte-
raemia being 19 times as large as the odds for admis-
sions lasting 2–4 days. When the analyses were repeated 
following exclusion of 1- day admissions, the results were 
similar (table 1), although the effect sizes were in general 
smaller (online supplemental table 3).

In multivariate analysis examining factors associated 
with presence or absence of sepsis regardless of bacte-
raemia, the same 19 factors were associated with sepsis 
regardless of bacteraemia, and the adjusted ORs were in 
general similar or larger than that of the overall group 
(sepsis and/or bacteraemia). Regarding factors associ-
ated with bacteraemia without sepsis and uncomplicated 
infection without sepsis or documented bacteraemia, 
associations were similar to the overall group, but the 
effect sizes were in general smaller (table 1).

In-hospital mortality/case-fatality rate
The overall case- fatality rate among admissions with 
sepsis/bacteraemia during the study period was 27.7% 
(95% CI 26.3% to 29.1%) vs 3.7% (95% CI 3.6% to 
3.8%) without sepsis/bacteraemia. The case fatality rate 
decreased progressively over the decade for patients with 
sepsis/bacteraemia from 32.2% in 2008–2010, to 25.9% 
in 2015–2017 (p=0.001). A decline was also seen among 
patients with sepsis regardless of bacteraemia (37.7% vs 
28.1%, respectively; p<0.001), and patients with uncom-
plicated infection without sepsis or documented bacte-
raemia (16.8% vs 10.2%, p<0.001), with no significant 
difference in the case fatality rate among patients with 
bacteraemia without sepsis (19.7% vs 16.8%, p=0.38). 
For patients without sepsis/bacteraemia, the case fatality 
rate decreased from 4.9% in 2008–2010, to 2.8% in 2015–
2017 (p<0.001). As a proportion of all deaths, the rate of 
in- hospital mortality associated with sepsis/bacteraemia 
remained relatively stable at 24.0% in 2008–2010 and 
26.3% in 2015–2017 (p=0.19).

Following multivariate analysis adjusting for compli-
cations of cirrhosis, age, Charlson Comorbidity Index 
and alcohol as liver disease aetiology, in all admissions, 
in- hospital death was significantly associated with sepsis/
bacteraemia (adj- OR 6.50, 95% CI 5.95 to 7.11). Other 
factors independently associated with mortality included 
age ≥50 years (adj- OR 1.64, 95% CI 1.49 to 1.79), alcohol 
aetiology (adj- OR 1.86, 95% CI 1.73 to 2.00), Charlson 
Comorbidity Index ≥3 (adj- OR 5.19, 95% CI 4.78 to 5.63), 
ascites (adj- OR 1.99, CI 1.85 to 2.15), hepatic encepha-
lopathy (adj- OR 3.24, 95% CI 2.84 to 3.70), hepatorenal 
syndrome (adj- OR 10.50, 95% CI 9.03 to 12.21), variceal 
bleeding (adj- OR 2.01, 95% CI 1.85 to 2.18) and HCC 
(adj- OR 4.64, 95% CI 4.24 to 5.09). When the multivar-
iate analysis was repeated including diabetes instead of 
Charlson Comorbidity Index in the model, diabetes was 
independently associated with mortality in all admissions 
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(adj- OR 1.23, 95% CI 1.15 to 1.33), but was not signifi-
cant in the sepsis/bacteraemia subgroup (adj- OR 0.85, 
95% CI 0.72 to 1.01) (online supplemental table 4).

MDR bacteria were identified in blood cultures in 
132 admissions (one admission had two different MDRs 
grown). Following multivariate analysis adjusting for 
complications of cirrhosis, age, Charlson Comorbidity 
Index and alcohol as liver disease aetiology, presence 
of MDR bacteria in the blood was not associated with 
in- hospital mortality (adj- OR 0.92, 95% CI 0.59 to 1.45; 
p=0.727).

Type and prevalence of bacteria and antibiotic resistance in 
patients with bacteraemia
The most common organism identified was Escherichia 
coli, present in 22.9% of the 2265 admissions with a posi-
tive blood culture. Staphylococcus aureus was the second 
most common bacteria, present in 18.1% of admissions 
with a positive blood culture (table 2).

The proportion of organisms with antibiotic resistance 
over the 10- year study period is summarised in table 3. 
More than 80% of S. aureus isolates were resistant to peni-
cillin; while 9.1% and 10% of E. coli isolates were resis-
tant to ceftriaxone and ciprofloxacin, respectively. The 
prevalence of E. coli resistance to ceftriaxone increased 
from 3.5% in 2008–2010 to 10.3% in 2015–17 (p=0.029), 
and the resistance to ciprofloxacin increased from 3.4% 
in 2008–2010 to 13.8% in 2015–17 (p=0.003) (table 4).

Overall, a MDR bacterium was identified in 5.6% 
of admissions (table 2), with an increase from 2.3% in 
2008–2010 to 4.6% in 2015–2017 (p=0.015) (table 4). 
However, at the level of individual bacteria, only E. coli 
(ESBL) showed a significant increase in prevalence over 
the decade (p=0.01).

DISCUSSION
This large population- based study from Australia has 
shown that sepsis and/or bacteraemia occur commonly 
in hospitalised patients with cirrhosis (7.4% of admissions 
longer than 1 day) and are associated with high in- hos-
pital mortality (27.7%). The most common bacteria iden-
tified was E. coli, present in 22.9% of admissions with a 
positive blood culture. Although the prevalence of E. coli 
resistance to ceftriaxone increased from 3.5% in 2008–
2010 to 10.3% in 2015–2017, and the resistance to cipro-
floxacin increased from 3.4% in 2008–2010 to 13.8% 
in 2015–2017, overall, the prevalence of MDR bacteria 
was low (5.6% of admissions in which an organism was 
identified).

Our data concur with studies demonstrating that blood-
stream infections are a common complication in patients 
with cirrhosis,7 8 with a 10- fold higher incidence rate than 
the general population.26 In our cohort, the factor most 
notably associated with sepsis/bacteraemia was the pres-
ence of PSC (OR 15.09, 95% CI 12.24 to 18.60), although 
overall, this liver disease was recorded in only 0.5% of 
admissions, and the low overall proportion of patients 

Table 2 Type and prevalence of bacteria identified in blood 
cultures during 2008–2017

No of 
admissions 
in which 
organism* was 
identified

Proportion of 
admissions 
in which 
organism 
was 
identified

Gram positive

  Staphylococcus aureus 409 18.1

  Alpha haemolytic 
streptococci

204 9.0

  Enterococcus faecalis 76 3.4

  Streptococcus 
pneumoniae

74 3.3

  Streptococcus agalactiae 74 3.3

  Streptococcus pyogenes 63 2.8

  Enterococcus faecium 53 2.3

  Streptococcus milleri 47 2.1

  Other Enterococcus spp 14 0.6

  Total 1014 44.9

Gram negative

  Escherichia coli 519 22.9

  Klebsiella pneumoniae 180 7.9

  Pseudomonas 
aeruginosa

70 3.1

  Enterobacter cloacae 68 3.0

  Bacteroides fragilis 26 1.1

  Serratia marcescens 25 1.1

  Aeromonas spp 23 1.0

  Klebsiella oxytoca 22 1.0

  Other Pseudomonas spp 21 0.9

  Acinetobacter baumannii 18 0.8

  Burkholderia spp 16 0.7

  Klebsiella aerogenes 14 0.6

  Stenotrophomonas 
maltophilia

14 0.6

  Total 1016 44.7

Multidrug resistant

  MRSA 71 3.1

  E. coli (ESBL) 37 1.6

  Enterococcus faecium 
(VRE)

13 0.4

  Klebsiella pneumoniae 
(ESBL)

11 0.5

  E. coli CPE 1 0

  Total 133 5.6

*In 102 of the 2265 admissions with bacteraemia (4.5%), the 
organisms identified were present in <14 admissions, and are not 
presented in the table. All multidrug- resistant organisms are listed.
CPE, Carbapenemase- producing Enterobacterales; ESBL, 
Extended spectrum beta- lactamase; MRSA, Methicillin- resistant 
Staphylococcus aureus; VRE, Vancomycin- resistant enterococci.

https://dx.doi.org/10.1136/bmjgast-2021-000695
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with a coded liver disease aetiology introduces a bias 
in the study design. Cholangitis occurs commonly in 
patients with PSC as a consequence of biliary strictures, 
alteration in gut microbiota composition and endoscopic 
or surgical manipulation.27 Patients with alcohol- related 
liver disease (ALD) had a 2.9- fold higher risk of sepsis/
bacteraemia than those with other causes of cirrhosis. 
This relationship persisted following adjustment for 
cirrhosis complications, as a surrogate marker for liver 
disease severity. Alcohol modifies the composition of gut 
microbiota and leads to increased intestinal permeability, 
facilitating bacterial translocation,25 however, its contri-
bution to promoting sepsis, independent of the extent of 
liver dysfunction, remains unresolved.

A higher number of comorbidities was also a greater 
risk for development of sepsis/bacteraemia as well as for 
bacteraemia without sepsis and uncomplicated infection 
without sepsis or documented bacteraemia, in agree-
ment with findings in patients without cirrhosis.28 29 In 
particular, patients with T2DM have higher susceptibility 
to infections and development of sepsis,30 although few 
studies are available about the impact in the cirrhotic 
population. In our study, patients with T2DM were 83% 
more likely to have sepsis/bacteraemia than those without 
T2DM. A similar finding was reported in a retrospective 
cohort study of hospitalised cirrhotic patients with skin 

infections (n=122; 23% with T2DM).31 Following multi-
variate analysis, T2DM was a key factor contributing to 
bacteraemia in these patients (p<0.001; OR 1.98, 95% CI 
1.59 to 4.15).31 T2DM is associated with chronic inflam-
mation and immune dysregulation32 that may have a 
synergistic effect in the setting of cirrhosis associated 
immune dysfunction, leading to increased risk of bacte-
rial infection and related complications.

As expected, our data confirm the striking impact of 
sepsis/bacteraemia on clinical outcomes in patients with 
cirrhosis, with a sixfold increase in length of hospital 
admission and a 6.5- fold increase in in- hospital mortality 
compared with patients without sepsis/bacteraemia. 
Severe complications of cirrhosis, particularly hepato-
renal syndrome and hepatic encephalopathy, were also 
more common in patients with the spectrum of clinical 
severity of infection from sepsis/bacteraemia to bacter-
aemia without sepsis, likely precipitated by the infection. 
At a population level, hospital mortality for sepsis was 
estimated to be 17% in high- income countries for the 
years 2003–2015,26 substantially lower than the mortality 
rate for our cirrhotic patients with sepsis (27.7%). 
Despite a reduction in sepsis- related mortality from 2008 
to 2013, the rate has remained constant over the last 5 
years. Indeed, as a proportion of total mortality, there has 
been a small but non- significant increase in sepsis- related 

Table 4 Number and proportion of admissions with Escherichia coli antibiotic resistance and number and proportion of 
admissions with a multidrug- resistant organism

Antibiotic

Admissions with E. coli antibiotic 
resistance

P value
2008–2010
N (%)

2015–2017
N (%)

Augmentin 20 (16.5) 41 (17.5) 0.810

Ceftriaxone 4 (3.5) 24 (10.3) 0.029

Ciprofloxacin 4 (3.4) 32 (13.8) 0.003

Gentamicin 3 (2.5) 21 (9.0) 0.021

Piptaz 2 (1.9) 15 (6.4) 0.076

Timentin 12 (10.1) 91 (39.6) <0.001

Cefotaxime 11 (9.8) 46 (19.7) 0.020

Co trimoxazole 28 (23.1) 60 (25.8) 0.590

Meropenem 0 (0.0) 2 (0.9) 0.310

MDR Bacteria Admissions with MDR bacteria grown P value

2008–2010
N (%)

2015–2017
N (%)

MRSA 11 (1.6) 23 (2.0) 0.610

Escherichia coli (ESBL) 2 (0.3) 19 (1.6) 0.010

Enterococcus faecium (VRE) 2 (0.3) 6 (0.5) 0.500

Klebsiella pneumoniae (ESBL) 1 (0.1) 5 (0.4) 0.310

Escherichia coli CPE 0 (0.0) 1 (0.1) 0.450

Total MDR bacteria 16 (2.3) 54 (4.6) 0.015

CPE, Carbapenemase- producing Enterobacterales; ESBL, Extended spectrum beta- lactamase; MDR, multidrug resistance; MRSA, 
Methicillin- resistant Staphylococcus aureus; VRE, Vancomycin- resistant enterococci.
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mortality over the last decade. These findings suggest a 
need to be vigilant about infection- prevention measures, 
particularly in older patients with T2DM and ALD who 
have a high risk of sepsis, since in these multimorbid 
patients with cirrhosis, sepsis- related deaths may not be 
preventable.33

In our cohort with bacteraemia, the most commonly 
isolated organisms (E. coli 22.9%, S. aureus 19.1%, S. viri-
dans 9% and K. pneumonia 7.9%) were broadly similar to 
those reported in patients with decompensated cirrhosis 
in other centres.8 10 12 14 34 Intestinal bacterial translocation 
is a key route for development of bacteraemia in cirrhotic 
patients, as evidenced by the prominent role for Entero-
bacterales. Staphylococcal bloodstream infections were 
also common, likely due to the frequent requirement for 
invasive or therapeutic procedures. In contrast to studies 
in Europe, Asia and the USA, however, a striking finding 
in our population- based study, was the low prevalence of 
MDR bacteria, with a significant increase over the decade 
only for E. coli ESBL (4.6% in 2015–2017).35 There were 
differences between geographical areas. A multicentre 
prospective study (2015–2016) found a global prevalence 
of MDR bacteria of 34% (95% CI 31% to 37%) among 
1302 hospitalised patients with cirrhosis, with a rate of 
28% in Europe and 27% in North America.14 The most 
common MDRO found in cirrhotic patients in Europe is 
ESBL E. coli10 as compared with our finding in Australia 
where MRSA was most prevalent. The low rate of MDR 
bacteria in Australian patients with cirrhosis is likely 
multifactorial, due to our relative geographical isola-
tion, strong antimicrobial stewardship and policies to 
restrict antimicrobial use in production animals and agri-
culture,13 15 and strengthens the concept that empirical 
antibiotic treatment protocols should be adapted to local 
epidemiology. For example, the empirical use of carbap-
enems suggested by Piano et al in nosocomial SBP36 and 
by Merli et al in healthcare associated infections37 does 
not seem justified in Australia, while it is more effective 
than the standard of care in Italy.

Our study has a number of strengths, including the 
near complete population- based data for public hospital 
admissions for cirrhosis and linked microbiological data 
over the last decade, curation of data by a multidisci-
plinary team including epidemiology, hepatology, infec-
tious diseases, microbiology and the statistical services 
branch of Queensland Health, and the use of widely 
accepted and validated coding algorithms for cirrhosis17 
and comorbidities.20 Although the study was restricted 
to public hospital admissions, we have previously shown 
that more than three- quarters of admissions for cirrhosis 
occur in the public sector, and we believe this is unlikely 
to impact the epidemiology of the study.22 An important 
limitation with hospital admissions data is the inability to 
assess cirrhosis severity using the Child- Pugh or MELD 
scores, which are strong predictors of a patient’s risk 
of mortality, or the presence of acute- on- chronic liver 
failure.38 Other important limitations are the lack of data 
about antibiotic use in the previous 3 months, including 

the use of norfloxacin or rifaximin prophylaxis, and the 
lack of information about hospital admission area (eg, 
intensive care unit).39 In addition, due to the limited 
accuracy of ICD code classification, there is the poten-
tial for misclassification of sepsis, liver disease aetiology, 
cirrhosis and related complications as well as comor-
bidities. Data were dependent on the quality of coding 
of hospital admissions, which may vary from site to site 
(eg, small hospitals in regional areas) and over time. For 
example, if the primary reason for admission was not 
related to cirrhosis, medical staff may be less likely to 
document aetiology of cirrhosis.

The definition of sepsis changed in 2016,40 and while 
clinically the difference in the definition was not very 
marked, there is the potential for inaccurate diagnosis of 
sepsis in 2017 .41 As medical records were not reviewed 
and hospital admissions data does not provide sufficient 
detail to distinguish community- acquired and hospital- 
acquired infection, we could not examine this. Never-
theless, our findings demonstrate that morbidity and 
mortality related to sepsis/bacteraemia in patients with 
cirrhosis remains a critical clinical problem. Awareness 
of factors that increase susceptibility to and mortality 
with bacterial infection (particularly the role of age, liver 
disease aetiology and comorbidity burden) may identify 
‘high- risk’ patients requiring greater preventative strat-
egies and reinforce the need for ongoing vigilance to 
avoid infections with MDR bacteria and inappropriate 
antibiotic use. Empirical antibiotic treatment protocols 
adapted to local epidemiology along with evidence- based 
sepsis management protocols that include timely initia-
tion of antibiotic therapy after sepsis recognition, lower 
threshold for and access to intensive care services, and 
early and aggressive fluid resuscitation can significantly 
decrease in- hospital mortality in this patient group.36

Author affiliations
1Department of Gastroenterology and Hepatology, Princess Alexandra Hospital, 
Woolloongabba, Queensland, Australia
2Centre for Liver Disease Research, Faculty of Medicine, The University of 
Queensland, Brisbane, Queensland, Australia
3Mater Research, South Brisbane, Queensland, Australia
4Infection Management Services, Princess Alexandra Hospital, Woolloongabba, 
Queensland, Australia
5University of Queensland Centre for Clinical Research, Herston, Queensland, 
Australia
6QIMR Berghofer Medical Research Institute, Herston, Queensland, Australia

Contributors Study conceptualisation: KMI, EP and PCV; data curation and 
analysis: ALJ, IUR, KMI, AH, EP and PCV; investigation: ALJ, IUR, AH, KMI, EP 
and PCV; supervision: EP and PCV; manuscript writing: ALJ, EP and PCV. PCV is 
responsible for the overall content as the guarantor.

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient consent for publication Not applicable.

Ethics approval The study was approved by the Human Research Ethics 
Committees of Queensland Health (HREC/17/QPAH/23; HREC/2018/QMS/43571) 
and QIMR Berghofer Medical Research Institute (P3506).

Provenance and peer review Not commissioned; externally peer reviewed.



12 Johnson AL, et al. BMJ Open Gastro 2021;8:e000695. doi:10.1136/bmjgast-2021-000695

Open access 

Data availability statement Data are available on reasonable request. Ethics 
amendment would be required for data sharing.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the 
use is non- commercial. See: http:// creativecommons. org/ licenses/ by- nc/ 4. 0/.

ORCID iDs
Amy L Johnson http:// orcid. org/ 0000- 0002- 7486- 4413
Patricia C Valery http:// orcid. org/ 0000- 0002- 8823- 3006

REFERENCES
 1 Jalan R, Fernandez J, Wiest R, et al. Bacterial infections in cirrhosis: 

a position statement based on the EASL special conference 2013. J 
Hepatol 2014;60:1310–24.

 2 Singal AK, Salameh H, Kamath PS. Prevalence and in- hospital 
mortality trends of infections among patients with cirrhosis: a 
nationwide study of hospitalised patients in the United States. 
Aliment Pharmacol Ther 2014;40:105–12.

 3 Leber B, Spindelboeck W, Stadlbauer V. Infectious complications 
of acute and chronic liver disease. Semin Respir Crit Care Med 
2012;33:80–95.

 4 Bartoletti M, Giannella M, Lewis RE, et al. Bloodstream infections in 
patients with liver cirrhosis. Virulence 2016;7:309–19.

 5 Bellot P, Francés R, Such J. Pathological bacterial translocation in 
cirrhosis: pathophysiology, diagnosis and clinical implications. Liver 
Int 2013;33:31–9.

 6 Irvine KM, Ratnasekera I, Powell EE, et al. Corrigendum: causes 
and consequences of innate immune dysfunction in cirrhosis. Front 
Immunol 2019;10:818.

 7 Philips CA, Ahamed R, Rajesh S, et al. Update on diagnosis and 
management of sepsis in cirrhosis: current advances. World J 
Hepatol 2020;12:451–74.

 8 Bartoletti M, Giannella M, Lewis R, et al. A prospective multicentre 
study of the epidemiology and outcomes of bloodstream infection in 
cirrhotic patients. Clin Microbiol Infect 2018;24:546:546.e1–546.e8.

 9 Weinstein MP, Towns ML, Quartey SM, et al. The clinical significance 
of positive blood cultures in the 1990s: a prospective comprehensive 
evaluation of the microbiology, epidemiology, and outcome of 
bacteremia and fungemia in adults. Clin Infect Dis 1997;24:584–602.

 10 Fernández J, Prado V, Trebicka J, et al. Multidrug- resistant bacterial 
infections in patients with decompensated cirrhosis and with acute- 
on- chronic liver failure in Europe. J Hepatol 2019;70:398–411.

 11 Zhao R, Ma J, Li P, et al. Multidrug- resistant bacterial infections 
in cirrhotic patients: an epidemiological study. Expert Rev 
Gastroenterol Hepatol 2018;12:1167–74.

 12 Addo Smith JN, Yau R, Russo HP, et al. Bacteremia in patients with 
liver cirrhosis: prevalence and predictors of multidrug resistant 
organisms. J Clin Gastroenterol 2018;52:648–54.

 13 Hill- Cawthorne G, Negin J, Capon T, et al. Advancing planetary 
health in Australia: focus on emerging infections and antimicrobial 
resistance. BMJ Glob Health 2019;4:e001283.

 14 Piano S, Singh V, Caraceni P, et al. Epidemiology and effects 
of bacterial infections in patients with cirrhosis worldwide. 
Gastroenterology 2019;156:e1310:1368–80.

 15 Australian Government, Department of Health. Australia’s National 
Antimicrobial Resistance Strategy – 2020 and Beyond. Canberra: 
Australian Government, 2020.

 16 Valery PC, McPhail S, Stuart KA. Changing prevalence of aetiological 
factors and comorbidities among Australians hospitalised for 
cirrhosis. Intern Med J 2020.

 17 Hayward KL, Johnson AL, Mckillen BJ, et al. ICD- 10- AM codes for 
cirrhosis and related complications: key performance considerations 
for population and healthcare studies. BMJ Open Gastroenterol 
2020;7:e000485.

 18 Australian Bureau of Statistics. Census of population and housing: 
socio- economic indexes for areas (SEIFA), Australia, 2006. Canberra, 
Australia: ABS, 2008.

 19 Australian Institute of Health and Welfare. Rural, regional and remote 
health: a guide to remoteness classifications. Canberra, Australia: 
AIHW, 2004.

 20 Charlson ME, Pompei P, Ales KL, et al. A new method of classifying 
prognostic comorbidity in longitudinal studies: development and 
validation. J Chronic Dis 1987;40:373–83.

 21 Quan H, Sundararajan V, Halfon P, et al. Coding algorithms for 
defining comorbidities in ICD- 9- CM and ICD- 10 administrative data. 
Med Care 2005;43:1130–9.

 22 Powell EE, Skoien R, Rahman T, et al. Increasing hospitalization 
rates for cirrhosis: overrepresentation of disadvantaged Australians. 
EClinicalMedicine 2019;11:44–53.

 23 Ahn SB, Powell EE, Russell A, et al. Type 2 diabetes: a risk factor 
for hospital readmissions and mortality in Australian patients with 
cirrhosis. Hepatol Commun 2020;4:1279–92.

 24 Carey IM, Critchley JA, DeWilde S, et al. Risk of infection in type 
1 and type 2 diabetes compared with the general population: a 
matched cohort study. Diabetes Care 2018;41:513–21.

 25 Gustot T, Fernandez J, Szabo G, et al. Sepsis in alcohol- related liver 
disease. J Hepatol 2017;67:1031–50.

 26 Fleischmann C, Scherag A, Adhikari NKJ, et al. Assessment 
of global incidence and mortality of Hospital- treated sepsis. 
current estimates and limitations. Am J Respir Crit Care Med 
2016;193:259–72.

 27 Lazaridis KN, LaRusso NF. Primary sclerosing cholangitis. N Engl J 
Med 2016;375:1161–70.

 28 Esper AM, Moss M, Lewis CA, et al. The role of infection and 
comorbidity: factors that influence disparities in sepsis. Crit Care 
Med 2006;34:2576–82.

 29 Sinapidis D, Kosmas V, Vittoros V, et al. Progression into sepsis: an 
individualized process varying by the interaction of comorbidities 
with the underlying infection. BMC Infect Dis 2018;18:242.

 30 Frydrych LM, Fattahi F, He K, et al. Diabetes and sepsis: risk, 
recurrence, and Ruination. Front Endocrinol 2017;8:10.3389/
fendo.2017.00271.

 31 Lin C- N, Hsiao C- T, Fann W- C, et al. Clinical predictors and impact 
of bacteremia in cirrhotic patients with acute skin and skin structure 
infection. Eur J Gastroenterol Hepatol 2020;32:251–6.

 32 Frydrych LM, Bian G, O'Lone DE, et al. Obesity and type 2 diabetes 
mellitus drive immune dysfunction, infection development, and 
sepsis mortality. J Leukoc Biol 2018;104:525–34.

 33 Rhee C, Jones TM, Hamad Y, et al. Prevalence, underlying causes, 
and preventability of sepsis- associated mortality in US acute care 
hospitals. JAMA Netw Open 2019;2:e187571.

 34 Xie Y, Tu B, Xu Z, et al. Bacterial distributions and prognosis of 
bloodstream infections in patients with liver cirrhosis. Sci Rep 
2017;7:11482.

 35 Fernández J, Bert F, Nicolas- Chanoine M- H. The challenges of multi- 
drug- resistance in hepatology. J Hepatol 2016;65:1043–54.

 36 Piano S, Fasolato S, Salinas F, et al. The empirical antibiotic 
treatment of nosocomial spontaneous bacterial peritonitis: 
results of a randomized, controlled clinical trial. Hepatology 
2016;63:1299–309.

 37 Merli M, Lucidi C, Di Gregorio V, et al. An empirical broad spectrum 
antibiotic therapy in health- care- associated infections improves 
survival in patients with cirrhosis: a randomized trial. Hepatology 
2016;63:1632–9.

 38 Peng Y, Qi X, Guo X. Child- Pugh versus MELD score for the 
assessment of prognosis in liver cirrhosis: a systematic review and 
meta- analysis of observational studies. Medicine 2016;95:10.1097/
MD.0000000000002877.

 39 Pimentel R, Gregório C, Figueiredo P. Antibiotic prophylaxis 
for prevention of spontaneous bacterial peritonitis in liver 
cirrhosis: systematic review. Acta Gastroenterol Belg 
2021;84:10.51821/84.2.333:333–42.

 40 Singer M, Deutschman CS, Seymour CW, et al. The third 
International consensus definitions for sepsis and septic shock 
(Sepsis- 3). JAMA 2016;315:801–10.

 41 Heldens M, Schout M, Hammond NE, et al. Sepsis incidence 
and mortality are underestimated in Australian intensive care unit 
administrative data. Med J Aust 2018;209:255–60.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7486-4413
http://orcid.org/0000-0002-8823-3006
http://dx.doi.org/10.1016/j.jhep.2014.01.024
http://dx.doi.org/10.1016/j.jhep.2014.01.024
http://dx.doi.org/10.1111/apt.12797
http://dx.doi.org/10.1055/s-0032-1301737
http://dx.doi.org/10.1080/21505594.2016.1141162
http://dx.doi.org/10.1111/liv.12021
http://dx.doi.org/10.1111/liv.12021
http://dx.doi.org/10.3389/fimmu.2019.00818
http://dx.doi.org/10.3389/fimmu.2019.00818
http://dx.doi.org/10.4254/wjh.v12.i8.451
http://dx.doi.org/10.4254/wjh.v12.i8.451
http://dx.doi.org/10.1016/j.cmi.2017.08.001
http://dx.doi.org/10.1093/clind/24.4.584
http://dx.doi.org/10.1016/j.jhep.2018.10.027
http://dx.doi.org/10.1080/17474124.2018.1515627
http://dx.doi.org/10.1080/17474124.2018.1515627
http://dx.doi.org/10.1097/MCG.0000000000000964
http://dx.doi.org/10.1136/bmjgh-2018-001283
http://dx.doi.org/10.1053/j.gastro.2018.12.005
http://dx.doi.org/10.1136/bmjgast-2020-000485
http://dx.doi.org/10.1016/0021-9681(87)90171-8
http://dx.doi.org/10.1097/01.mlr.0000182534.19832.83
http://dx.doi.org/10.1016/j.eclinm.2019.05.007
http://dx.doi.org/10.1002/hep4.1536
http://dx.doi.org/10.2337/dc17-2131
http://dx.doi.org/10.1016/j.jhep.2017.06.013
http://dx.doi.org/10.1164/rccm.201504-0781OC
http://dx.doi.org/10.1056/NEJMra1506330
http://dx.doi.org/10.1056/NEJMra1506330
http://dx.doi.org/10.1097/01.CCM.0000239114.50519.0E
http://dx.doi.org/10.1097/01.CCM.0000239114.50519.0E
http://dx.doi.org/10.1186/s12879-018-3156-z
http://dx.doi.org/10.3389/fendo.2017.00271
http://dx.doi.org/10.1097/MEG.0000000000001497
http://dx.doi.org/10.1002/JLB.5VMR0118-021RR
http://dx.doi.org/10.1001/jamanetworkopen.2018.7571
http://dx.doi.org/10.1038/s41598-017-11587-1
http://dx.doi.org/10.1016/j.jhep.2016.08.006
http://dx.doi.org/10.1002/hep.27941
http://dx.doi.org/10.1002/hep.28332
http://dx.doi.org/10.1097/MD.0000000000002877
http://dx.doi.org/10.51821/84.2.333
http://dx.doi.org/10.1001/jama.2016.0287
http://dx.doi.org/10.5694/mja18.00168

	Bacteraemia, sepsis and antibiotic resistance in Australian patients with cirrhosis: a population-based study
	Abstract
	Introduction
	Methods
	Study design
	Setting and participants
	Variables
	Patient selection
	Statistical methods

	Results
	Patient population and presence of sepsis/bacteraemia
	Risk factors across the spectrum of clinical severity of infections
	In-hospital mortality/case-fatality rate
	Type and prevalence of bacteria and antibiotic resistance in patients with bacteraemia

	Discussion
	References


