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Abstract
Background Hospital-acquired bloodstream infections are common in the intensive care unit (ICU) and have a 
high mortality rate. Patients with cirrhosis are especially susceptible to infections, yet there is a knowledge gap in the 
epidemiological distinctions in hospital-acquired bloodstream infections between cirrhotic and non-cirrhotic patients 
in the ICU. It has been suggested that cirrhotic patients, present a trend towards more gram-positive infections, 
and especially enterococcal infections. This study aims to describe epidemiological differences in hospital-acquired 
bloodstream infections between cirrhotic and non-cirrhotic patients hospitalized in the ICU regarding infection 
sources, microorganisms and mortality.

Methods Using prospective Eurobact-2 international cohort study data, we compared hospital-acquired 
bloodstream infections sources and microorganisms in cirrhotic and non-cirrhotic patients. The association between 
Enterococcus faecium and cirrhosis was studied using a multivariable mixed logistic regression. The association 
between cirrhosis and mortality was assessed by a multivariable frailty Cox model.

Results Among the 1059 hospital-acquired bloodstream infections patients included from 101 centers, 160 had 
cirrhosis. Hospital-acquired bloodstream infection source in cirrhotic patients was primarily abdominal (35.6%), 
while it was pulmonary (18.9%) for non-cirrhotic (p < 0.01). Gram-positive hospital-acquired bloodstream infections 
accounted for 42.3% in cirrhotic patients compared to 33.2% in non-cirrhotic patients (p = 0.02). Hospital-acquired 
bloodstream infections in cirrhotic patients were most frequently caused by Klebsiella spp (16.5%), coagulase-negative 
Staphylococci (13.7%) and E. faecium (11.5%). E. faecium bacteremia was more frequent in cirrhotic patients (11.5% 
versus 4.5%, p < 0.01). After adjusting for possible confounding factors, cirrhosis was associated with higher E. faecium 
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Introduction
Hospital-acquired bloodstream infections (HABSIs) are 
frequent in the intensive care unit (ICU) and are associ-
ated with a high mortality [1, 2]. Cirrhotic patients are 
vulnerable and susceptible to hospital-acquired infec-
tions, which can affect as many as 43–59% of patients in 
the ICU [3–7]. Bloodstream infections have been shown 
to be ten times more frequent in cirrhotic patients and 
are associated with poor outcomes including acute on 
chronic liver failure, acute kidney injury, encephalopa-
thy and mortality [3–12]. The majority of infecting bac-
teria found in patients with cirrhosis are Gram-negative; 
however, there has been an increase in the prevalence 
of Gram-positive bacteria with concerns for enterococ-
cal infection [10, 13]. Treatment options in patients with 
liver disease are challenging for several reasons. First, 
the pharmacokinetics of antibiotics change with liver 
disease due to several physiological abnormalities such 
as hypoalbuminemia, altered liver and renal functions 
[8, 14]. Second, previous studies have shown a possible 
association between cirrhosis, colonization and infection 
by antimicrobial-resistant bacteria as well as higher rates 
of enterococcal infections [7, 10, 11, 15, 16]. Guidelines 
for empirical treatment of hospital-acquired infections 
in cirrhotic patients vary considerably across countries, 
with third generation cephalosporins, piperacillin-tazo-
bactam or carbapenem being recommended accord-
ing to local antibiotic resistance data [17, 18]. The 2018 
European association for the study of the Liver (EASL) 
guidelines suggest considering Gram-positive coverage in 
cases of hospital-acquired infections [17, 18]. The ques-
tion arises whether extended coverage for Gram-positive 
and resistant Gram-negative bacteria should be recom-
mended as a first-line treatment in the critically ill cir-
rhotic patients.

Epidemiological knowledge about the microorgan-
isms responsible for HABSI in cirrhotic patients, their 
sources and the patient’s outcome in the ICU are scarce 
and no large comparison of the characteristics of these 
patients with a non-cirrhotic group has previously been 
performed [4, 8–11, 19]. The objectives of this study 
were to describe the differences in the epidemiology of 
HABSI, with particular attention to E. faecium infections, 
between cirrhotic and non-cirrhotic patients in terms of 
patients’ characteristics, source of infection, microorgan-
ism distribution and mortality using a large multiconti-
nental database.

Methods
Setting
The Eurobact-2 study was a prospective observational 
international cohort study conducted between August 
2019 and June 2021 [2, 20].

A total of 333 centers participated in the study which 
was registered in ClinicalTrials.org (NCT03937245). The 
study was reported in accordance with the STrengthen-
ing the Reporting of OBservational studies in Epidemiol-
ogy (STROBE) guidelines [21].

Details regarding the methodology can be found in 
the previously reported Eurobact-2 study [2]. The study 
was approved by the ethics Committee of the Royal Bris-
bane & Women’s Hospital Human Research (LNR/2019/
QRBW/48,376). Each study site then obtained ethical 
and governance approvals according to the local regula-
tions in place [2].

Intensive care unit and patient selection
Of the 333-participating centers of the Eurobact-2 study, 
we included only the centers that recruited HABSIs both 
in patients with and without cirrhosis for this analysis. 
Patients aged ≥ 18 years with a first episode of HABSI 
treated in the ICU were prospectively included. A HABSI 
was defined as a positive blood culture collected at least 
48 h after hospital admission. Patients whose blood cul-
tures were collected in the ICU (i.e., HABSI acquired in 
the ICU) and patients transferred to the ICU for treat-
ment of HABSI were included. Only the first episode 
of HABSI was included. The presence of cirrhosis was 
determined based on the presence of mild to severe cir-
rhosis as indicated in the Charlson Comorbidity Index 
[22].

Blood cultures with possible skin contaminants (e.g., 
coagulase-negative staphylococci, Corynebacterium spe-
cies) were carefully reviewed and included only if at least 
two blood cultures with the same antimicrobial suscepti-
bility pattern were observed or if there was strong clinical 
suspicions that the blood culture was not a contaminant 
[2, 20]. Community-acquired bloodstream infections 
were excluded.

Data collection
A center form was collected which described the ICU 
types and functioning. For each patient, data on ICU 
admission and on the day of the HABSI were collected. 
Further information on definitions is illustrated in the 
electronic supplementary material (ESM). Patients were 

hospital-acquired bloodstream infections risk (Odds ratio 2.5, 95% CI 1.3–4.5, p < 0.01). Cirrhotic patients had increased 
mortality compared to non-cirrhotic patients (Hazard Ratio 1.3, 95% CI 1.01–1.7, p = 0.045).

Conclusions Critically ill cirrhotic patients with hospital-acquired bloodstream infections exhibit distinct 
epidemiology, with more Gram-positive infections and particularly Enterococcus faecium.
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followed for up to 28 days or until hospital discharge, or 
death.

Statistical analysis
First, a descriptive analysis of patients’ characteristics on 
admission according to the presence of cirrhosis was per-
formed. Continuous variables were presented as median 
with interquartile range (IQR) and categorical variables 
as number of patients (n) and percentage (%). Chi-square 
or Fisher tests were used to detect differences in categori-
cal variables as appropriate and Wilcoxon rank sum test 
in continuous variables. Source of infection and micro-
organisms’ distribution were described in the same way.

Second, a descriptive analysis of the distribution 
of HABSI microorganisms according to the presence 
of cirrhosis was done. A multivariable mixed logistic 
regression was performed to investigate the association 
between E. faecium and cirrhosis with an adjustment for 
well-known risk factors for E. faecium infections (i.e., 
reason for ICU admission, source of infection, acquisi-
tion of the BSI in the ICU, use of antibiotics in the pre-
vious 7 days and delay between hospital admission and 
time of the BSI) [23, 24]. A random effect for the variable 
center was included. Results of the mixed logistic regres-
sion are expressed as odds ratios (OR).

Third, we investigated the association between cirrho-
sis and 28-day mortality using a graphical representation 
with Kaplan–Meier curves (with log-rank test). We ana-
lyzed the whole population and specifically the subgroup 
of patient with an E. faecium HABSI. The proportional 
hazard assumption was graphically assessed. Finally, 
we investigated the association between cirrhosis and 
mortality with a multivariable frailty Cox model with a 
random effect for center and adjusted for previously iden-
tified mortality risk factors (i.e., difficult-to-treat gram 
negative bacteria, absence of the consultation by a clinical 
pharmacist, source control, SAPS II on ICU admission) 
[2]. Moreover, a further adjustment to COVID-19 sta-
tus was added since HABSI critically ill patients infected 
with COVID-19 showed higher mortality [20]. Results 
of the Cox regression analysis are expressed as hazard 
ratios (HR). Due to the very low number of missing data, 
a complete case analysis was performed.

Two-tailed p-values ≤ 0.05 were considered statistically 
significant. All statistical analyses are conducted using 
STATA version 16.1 (Stata Corp., College Station, TX, 
USA, 2007) and R (Version 3.5.3).

Results
Centers
Among the 333 centers recruited in the Eurobact-2 study, 
232 centers were excluded as they did not include cir-
rhotic patients (Supplementary Figs.  1 and 2). Among 
the included centers, 75 were mixed ICUs (medical and 

surgical), 16 were medical ICUs and 9 were surgical 
ICUs. A mean of 1.6 (SD 0.9) cirrhotic patients per center 
were recruited. In the 101 selected centers 1059 patients 
were included, 899 of them were non-cirrhotic patients 
and 160 were cirrhotic. In those patients 1196 microor-
ganisms were identified. Further details regarding centers 
are shown in the Supplementary Table 1.

Patients’ characteristics
Patients characteristics on ICU admission and their out-
comes according to the presence of cirrhosis are pre-
sented in Table 1. Patients median age was 64 years (IQR 
53–73) and 62.5% (662/1059) were men. The primary 
causes for ICU admissions were septic shock (23.9%, 
253/1059) and respiratory failure (21.2%, 225/1059). Cir-
rhotic patients were younger with a median age of 60 
years (IQR 50.5–67) compared to 65 years (IQR 54–73, 
p < 0.01) for non-cirrhotic patients. Their comorbidities 
differed significantly with cirrhotic patients presenting 
more often with renal disease (21.3% (34/160) vs. 16% 
(144/899)) and non-cirrhotic with neurological comor-
bidities (8.1% (13/160) vs. 14.7% (132/899)), diabetes 
(21.9% (35/160) vs. 27% (243/899)) and malignancy (20% 
(32/160) vs. 26.3% (236/899), p < 0.01). On ICU admis-
sion, cirrhotic patients were more frequently admitted 
for an abdominal disease (15% (24/160) vs. 3.3% (30/899)) 
and for sepsis (32.5% (52/160) vs. 22.4% (201/899)) com-
pared to non-cirrhotic patients (p < 0.01). The 28-day 
mortality was higher in cirrhotic patients (45% (72/160) 
vs. 36.4% (327/899), p = 0.04).

Distribution of microorganisms, antimicrobial resistance 
and antibiotics used before HABSI between cirrhotic and 
non-cirrhotic patients
Of the 1196 microorganisms identified, 42.3% (77/182) of 
HABSIs in cirrhotic patients were Gram-positive bacteria 
compared to 33.2% (337/1014) in non-cirrhotic patients 
(p = 0.02) (Supplementary Table  2). Fig.  1 describes the 
distribution of microorganisms between cirrhotic and 
non-cirrhotic patients. E. faecium HABSI was found 
more often in cirrhotic patients (11.5% (21/182) vs. 
4.5% (55/1014), p < 0.01). HABSI in cirrhotic patients 
were most frequently caused by Klebsiella spp (16.5% 
(30/182)), coagulase-negative Staphylococci (13.7% 
(25/182)) and Enterococcus faecium (11.5% (21/182)). 
HABSI in non-cirrhotic patients were more commonly 
caused by Klebsiella spp (15.3% (155/1014)), Acineto-
bacter spp (10% (101/1014)) and coagulase-negative 
Staphylococci (9.9% (100/1014)). No difference regard-
ing antibiotic resistance and antibiotic exposure prior to 
HABSI was highlighted between the two groups (Supple-
mentary Tables  3 and  4.). Interestingly, proportions of 
Klebsiella spp and E. coli resistant to third generation 
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cephalosporins were 50% in cirrhotic patients and 55.8% 
in non-cirrhotic patients (p = 0.5).

Characteristics of HABSI and sources of infection
HABSIs were more frequently acquired in the ICU 
than on the ward in both groups (Table  2). Compared 

to non-cirrhotic patients, cirrhotic patients developed 
HABSI on the ward more often (31.9% (51/160) vs. 
23.9% (215/899), p = 0.03). The most common source 
of HABSI in cirrhotic patient was abdominal (35.6% 
(57/160)) whereas it was pulmonary (18.9% (207/899)) 

Table 1 Patients’ characteristics on admission and outcomes
N = 1059 Non-cirrhotic patients n = 899 Cirrhotic patients n = 160 p value
Age (years), median (IQR) 65 (54–73) 60 (50.5–67) < 0.01
Gender, male, n(%) 551 (61.3%) 111 (69.4%) 0.052
Comorbidities, n (%):
-Respiratory
-Cardiovascular
-Neurological
-Diabetes
-Renal insufficiency
-Malignancy

147 (16.4%)
205 (22.8%)
132 (14.7%)
243 (27%)
144 (16%)
236 (26.3%)

25 (15.6%)
31 (19.4%)
13 (8.1%)
35 (21.9%)
34 (21.3%)
32 (20%)

< 0.01

ICU admission origin, n (%):
-other hospital
-emergency
-OR
-hospital ward
-Intermediate care unit
-other

133 (14.8%)
220 (24.5%)
111 (12.4%)
399 (44.4%)
22 (2.5%)
14 (1.6%)

15 (9.4%)
27 (16.9%)
23 (14.4%)
88 (55%)
6 (3.4%)
1 (0.6%)

0.04

Type of admission, n (%):
-Medical
-Surgical elective
-Surgical emergency

671 (74.6%)
67 (7.5%)
161 (17.9%)

121 (75.6%)
10 (6.3%)
29 (18.1%)

0.9

Time between hospital and ICU admission (days), median (IQR) 4 (1–13) 5 (2–17) 0.4
Diagnosis on ICU admission, n (%) :
-Cardiovascular disease
-Respiratory disease
-Neurological disease
-Abdominal disease
-Renal failure
-Sepsis
-Post-surgery
-Others *
-COVID-19

86 (9.6%)
200 (22.3%)
95 (10.6%)
30 (3.3%)
19 (2.1%)
201 (22.4%)
102 (11.4%)
52 (5.8%)
114 (12.7%)

10 (6.3%)
25 (15.6%)
14 (8.8%)
24 (15%)
2 (1.3%)
52 (32.5%)
15 (9.4%)
8 (5%)
10 (6.3%)

< 0.01

SAPS II on ICU admission, median (IQR) 46 (37–58) 48 (36.5–61) 0.1
Lactate (mmol/l) on ICU admission, median (IQR) 2.2 (1.4–3.9) 3 (1.7–5.1) < 0.01
Bilirubin (µmol/L) on ICU admission, median (IQR) 1.8 (0.7–10.1) 7.5 (1.5–35) < 0.01
WBC (x109/L) on ICU admission, median (IQR) 14.3 (9.4–22.4) 14.5 (8.9–22.5) 0.7
CRP (mg/l) on ICU admission, median (IQR) 117.6 (33.5–215) 70 (23.2-155.6) < 0.01
Need for renal replacement therapy during ICU stay, n (%) 126 (14%) 27 (16.9%) 0.3
Ventilation needs during ICU stay, n(%):
-Mechanical ventilation
-Non-invasive ventilation
-High flow
-low flow or nothing

546 (60.8%)
75 (8.4%)
75 (8.4%)
201 (22.4%)

92 (57.5%)
21 (13.1%)
10 (6.3%)
37 (23.1%)

0.2

Known MDRO before admission, n(%) 173 (19.3%) 28 (17.5%) 0.6
Antibiotics in the previous 7 days, n(%) 661 (73.5%) 119 (74.4%) 0.8
Days under mechanical ventilation, median (IQR) 6 (1–18) 6.5 (1–13) 0.4
ICU length of stay (days), median (IQR) 16 (7–27) 13.5 (6–30) 0.5
Death at day 28, n(%) 327 (36.4%) 72 (45%) 0.04
Results reported as n (%) for categorical variables and median (IQR) for continuous variables

ICU intensive care unit; OR operating room; WBC white blood cells; CRP C-reactive protein; MDRO multi-drug resistant organisms

*: multiple trauma with no traumatic brain injury, metabolic disturbances, drug overdose, diabetic ketoacidosis, anaphylaxis
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for non-cirrhotic patients (p < 0.01). Patients’ character-
istics on HABSI day are illustrated in the Supplementary 
Table 5.

Association between E. faecium and cirrhosis
Using a multivariable mixed logistic regression model 
and after adjustment for well-known E. faecium risk fac-
tors, cirrhosis was associated with a higher risk of E. fae-
cium HABSI (OR 2.5, 95% CI 1.3–4.5, p < 0.01, Table 3). 
Description of patients with E. faecium HABSI is shown 
in the Supplementary Table 6. Importantly, 84% of E. fae-
cium HABSI were acquired in the ICU.

Association between cirrhosis and mortality
Mortality on day 28 was higher in cirrhotic patients 
compared to non-cirrhotic patients (p = 0.04) (Fig.  2). 
The proportionality assumption was respected. A mul-
tivariable frailty Cox model showed an increased risk of 
death in HABSI patients known for cirrhosis (HR 1.3, 
95% CI 1.01–1.7, p = 0.045, Supplementary Table 7). Cir-
rhotic patients with E. faecium HABSI tended to have an 
even higher 28-day mortality; however, this result was 
non-significant.

Table 2 Characteristics of HABSI and sources of infection
N = 1059 Non-cirrhot-

ic patients
n = 899

Cirrhotic 
patients
n = 160

p value

Time to HABSI (days), median 
(IQR)

14 (8–26) 15 (8–25) 0.6

Site of acquisition, n(%)
-Ward
-ICU

215 (23.9%)
684 (75.1%)

51 (31.9%)
109 (68.1%)

0.03

Supposed source of the HABSI, 
n (%)
-primary
-catheter related
-pulmonary
-abdominal
-urinary tract
-cutaneous or soft tissue
-others*

110 (12.2%)
170 (18.9%)
207 (23%)
169 (18.8%)
105 (11.7%)
63 (7%)
75 (8.3%)

19 (11.9%)
24 (15%)
23 (14.4%)
57 (35.6%)
16 (10%)
10 (6.3%)
11 6.9%)

< 0.01

Source control, n (%)
-not required
-required and complete
-required but unsuccessful

381 (42.4%)
426 (47.4%)
92 (10.2%)

75 (46.9%)
71 (44.4%)
14 (8.8%)

0.6

Appropriate antibiotic in the 
first 24 h, n (%)

459 (51.1%) 78 (48.7%) 0.6

Results reported as n (%) for categorical variables and median (IQR) for 
continuous variables

*mediastinitis, endocarditis, joints, central nervous system

HABSI hospital-acquired bloodstream infection; ICU intensive care unit

Fig. 1 The distribution of microorganisms between cirrhotic and non-cirrhotic patients was compared, with the results reported as the number of each 
microorganism in the two different patient groups. The Fisher’s exact test was used for the comparison, revealing a significant difference in microorgan-
ism distribution between cirrhotic and non-cirrhotic patients (p = 0.01)
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Discussion
In this analysis of a prospective multicontinental cohort 
of patients with HABSI, we found that patients with liver 
cirrhosis had higher mortality than those without cirrho-
sis. HABSI in cirrhotic patients were more frequently due 
to Gram-positive bacteria, especially E. faecium, than in 
non-cirrhotic patients. No difference regarding antimi-
crobial resistance was observed between the two groups.

Previous studies showed similar rates of Gram-posi-
tive (26.3–49%) and Gram-negative (48–57.2%) HABSI 
in cirrhotic patients [10, 15]. These studies found that 2 
to 9% of HABSI were due to E. faecium. The differences 
and limitations of these previous studies are that (1) they 
were monocentric or included only a limited number of 
centers, (2) they did not focus on ICU patients and, (3) 
they did not perform a comparison between cirrhotic 
and non-cirrhotic patients. Using a large multiconti-
nental database that prospectively included patients, we 
observed that the rate of Gram-positive bacteremia was 
higher in critically ill cirrhotic patients than in non-cir-
rhotic patients, with E. faecium much more prevalent 

among cirrhotic patients. There are several hypotheses 
for this finding. First, the source of the bacteremia in cir-
rhotic patients was more often abdominal and entero-
cocci are known to colonize the intestinal tract. Second, 
cirrhotic patients are exposed to repeated prophylac-
tic and therapeutic antibiotic treatments. Indeed, these 
patients frequently receive antibiotics because they are 
more prone to infections and especially to spontane-
ous bacterial peritonitis [6]. Interestingly, we did not 
observe differences in antibiotics administered 7 days 
before HABSI. However, since we had no access to data 
on antibiotic therapies in the months before HABSI, it is 
conceivable that cirrhotic patients were more frequently 
exposed to antimicrobial substances which might have 
impacted the epidemiology of their HABSI. Lastly, our 
population included only HABSI and this setting is char-
acterized by higher prevalence of E. faecium, whereas E. 
faecalis tends to occur more frequently in the commu-
nity-acquired setting [25].

Our results have clinical implications. The high rate 
of E. faecium HABSI found in cirrhotic patients may 
challenge empirical antibiotic therapies that should 
be proposed in this particular setting. A study showed 
that clinicians felt that in cases of severe sepsis, 90% of 
all probable microorganisms should be covered by the 
empirical antibiotics chosen [26]. As E. faecium accounts 
for more than 10% of HABSI observed in these critically 
ill cirrhotic patients, empiric coverage with glycopep-
tides, daptomycin or oxazolidinones should be consid-
ered. This coverage seems particularly important if the 
suspected source is abdominal: a recent multicentric 
study found that intra-abdominal infections in critically 
ill patients growing Enterococcus were associated with a 
higher mortality when there was no empirical coverage of 
E. faecium [27].

Regarding other specific resistances to antibiotics in the 
context of cirrhosis, some previous studies have reported 
higher rates of drug-resistant organisms such as extended 
spectrum beta-lactamase (ESBL) or methicillin-resistant 
Staphylococcus aureus (MRSA), depending highly on 
the local ecology [7, 10, 11]. However, our study did not 
show any difference in antimicrobial resistance between 
patients with and without cirrhosis. Therefore, cirrhosis 
per se does not seem to influence the risk of resistance 
relative to other patients in the ICU with HABSI, but it 
mostly impacts the distribution of strains causing HABSI. 
Interestingly, the proportion of Klebsiella spp and E coli 
spp resistant to third-generation cephalosporins repre-
sented almost 50% of all HABSI in the Eurobact-2 cohort 
without differences between cirrhotic and non-cirrhotic 
patients. This finding seems to be associated with the 
local ecology; therefore, no firm conclusion on empirical 
antibiotic therapy for Gram-negative microorganisms for 
cirrhotic patients can be provided.

Table 3 Multivariable logistic mixed model for the association 
between E. faecium and cirrhosis
n = 1059 E. faecium BSI, 

Odds ratio (95% 
CI)

p value

Cirrhosis 2.5 (1.3–4.5) < 0.01
Reason for ICU admission:
-Cardio-vascular disease Ref.
-Cardio-vascular disease 1.5 (0.5–4.4) 0.4
-Neurological disease 0.3 (0.06–1.8) 0.2
-Abdominal disease 1.5 (0.5–5.2) 0.5
-Post-surgical treatment 0.9 (0.3–3.1) 0.9
-Renal failure 1.2 (0.1–11) 0.9
-Septic Shock 0.7 (0.2-2) 0.5
-COVID-19 3.2 (1.1–10) 0.04
-other* 0.7 (0.1–3.1) 0.6
Source of infection:
-Primary Ref.
-Intravascular catheter related 0.6 (0.3–1.5) 0.3
-Pulmonary 0.2 (0.1–0.6) < 0.01
-Abdominal 0.4 (0.1–1.3) 0.5
-Urinary 0.4 (0.1–1.3) 0.1
-Skin 0.9 (0.3-3) 0.9
-Other† 0.6 (0.2-2) 0.4
BSI acquired before ICU admission 0.6 (0.3–1.3) 0.2
Antibiotics in the last 7 days 1.9 (0.9–3.9) 0.056
Delay (days) between hospital admission 
and BSI

0.9 (0.9–1.1) 0.7

Results are expressed as odds ratios and 95% confidence interval (95% CI). A 
random effect for center was included

HABSI hospital-acquired bloodstream infection

*: multiple trauma with no traumatic brain injury, metabolic disturbances, drug 
overdose, diabetic ketoacidosis, anaphylaxis

†: mediastinitis, endocarditis, joints, central nervous system
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Fig. 2 Kaplan-Meier survival curves were used to analyze survival until Day 28 for all HABSIs and for Enterococcus faecium HABSI in cirrhotic and non-
cirrhotic patients. Statistical analysis of the Kaplan-Meier curve (log-rank test) showed a lower probability of survival in cirrhotic patients with HABSI 
(p = 0.04) and no significant difference in cirrhotic patients with E. faecium HABSI compared to non-cirrhotic patients (p = 0.46)
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Our study revealed that there was no significant differ-
ence in the incidence of fungal HABSI between cirrhotic 
and non-cirrhotic patients. This finding is notewor-
thy as these infections are often concerning in cirrhotic 
patients as previous studies highlighted more invasive 
fungal infections in cirrhotic patients compared to non-
cirrhotic patients, especially in an ICU setting [28, 29]. 
However, the results of our study suggest that cirrhotic 
patients may not be at a higher risk for fungal infections, 
which has important implications for clinical manage-
ment strategies.

Our study highlights that critically ill cirrhotic patients 
with HABSI were associated with poorer outcomes, with 
a mortality rate reaching 45%, which was significantly 
higher than non-cirrhotic patients. This has already 
been highlighted for nosocomial infections in cirrhotic 
patients [30]. Active measures to prevent nosocomial 
infections, including HABSI, should be thoroughly 
applied to these vulnerable patients. This can be achieved 
through excellent infection prevention and control mea-
sures targeting the most important healthcare-associated 
infections, reducing the unnecessary use of proton pump 
inhibitors, avoiding the placement of intravascular and 
urinary catheters and limiting their duration [30, 31].

Our study has several limitations. First, ICUs in high 
income countries and European ICUs were overrepre-
sented with three countries (France, UK and Turkey) 
recruiting 30% of patients, thus potentially limiting the 
generalizability of our results [2]. However, each conti-
nent was represented and included patients in our study. 
Second, pathogen identification and antimicrobial sus-
ceptibility testing was dependent on each center’s labora-
tory, which limits the standardization of microbiological 
results [2]. Third, the causes and severity of cirrhosis 
could not be assessed, which could have influenced the 
outcome [13]. Fourth, data collection was performed 
by individual investigators in each ICU without on-site 
monitoring. This limitation was controlled by providing 
online checks through the electronic case report file and 
by monitoring data quality and coherence of the data for 
each case-report form [2]. Lastly, this is a secondary anal-
ysis of the Eurobact-II database, with the inherent risk of 
bias that such analyses may carry.

In summary, critically ill cirrhotic patients with HABSI 
have a higher mortality than those without cirrhosis. 
They present a specific microbiology, with more Gram-
positive bacteria and especially more E. faecium bacte-
remia than non-cirrhotic patients. In these particular 
patients, empirical coverage of E. faecium should be 
considered. This should be confirmed by interventional 
studies specifically designed to determine the efficacy 
and safety of such antibiotic treatments in this high-risk 
population.
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