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A B S T R A C T

Introduction and Objectives: Bacterial infections are associated with a dismal prognosis in patients with liver

cirrhosis. Data on their prevalence and the associated pathogen spectra in Germany are scarce. This study

aimed to evaluate the impact of bacterial infections on mortality in hospitalized patients with liver cirrhosis

and to analyze the prevalence of multidrug-resistant (MDR) bacteria in a German tertiary care center.

Patients and Methods: Consecutive, non-electively hospitalized patients with liver cirrhosis were enrolled in

this study between 03/2019-06/2021. All patients underwent clinical, laboratory and microbiological testing

to detect potential bacterial infections. Patients were followed for 30 days regarding the composite endpoint

of death or liver transplantation (mortality).

Results: In total, 239 patients were recruited (median MELD 18). Bacterial infection was detected in 81

patients (33.9%) at study inclusion. A total of 70 patients (29.3%) developed a hospital-acquired infection.

When comparing community-acquired and hospital-acquired infections, the pathogen pattern shifted from a

gram-negative to a more gram-positive spectrum and showed an increase of Staphylococcus spp.. MDR bac-

teria were detected in seven infected patients (5.8%). 34 patients reached the composite endpoint during 30-

days follow-up. In multivariable logistic regression analysis, the presence of infection during hospitalization

remained independently associated with higher mortality (OR 2.522, 95% CI 1.044 - 6.091, p = 0.040).

Conclusions: This study demonstrates that bacterial infections are common in hospitalized patients with liver

cirrhosis in Germany and are a major determinant of short-termmortality. Our data highlight the importance

of regional differences in MDR bacteria and may guide physicians' decision-making regarding calculated anti-

biotic treatment.

© 2022 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Liver cirrhosis marks the common endpoint of almost all chronic

liver diseases and accounts for more than one million deaths world-

wide per year [1]. More than 25% of all hospitalized patients with

decompensated liver cirrhosis suffer from bacterial infections during

their hospital stay [2]. Infections themselves, in turn, are well-known

triggers of cirrhosis-related complications and acute-on-chronic liver

failure (ACLF) [3]. The most frequent infections are spontaneous bac-

terial peritonitis (SBP), urinary tract infections (UTI), pneumonia, soft

tissue infections, and spontaneous bacteremia. [4] Bacterial infections

are associated with a poor short- and long-term prognosis in these

Abbreviations: ACLF, acute-on-chronic liver failure; CAID, cirrhosis associated

immune dysfunction; CCM, Cirrhosis Center Mainz; C.diff., Clostridioides difficile; CP,

child pugh; CRP, c-reactive protein; HE, hepatic encephalopathy; HRS, hepatorenal

syndrome, ICU, intensive care unit; IQR, interquartile range; INR, international normal-

ized ratio; LTX, liver transplantation; KRINKO, Commission on Hospital Hygiene and

Infection Protection at the Robert-Koch-Institute, Germany; n, number; MDR, multi-

drug-resistant; MELD, model for end-stage liver disease; MRSA, Methicillin-resistant

Staphylococcus aureus; NAFLD, non-alcoholic fatty liver disease; SBP, spontaneous

bacterial peritonitis; spp, species pluralis; UTI, urinary tract infection; VRE, vancomy-

cin-resistant enterococcus; wbc, white blood cell; yr, years

* Corresponding author.

E-mail address: Christian.labenz@unimedizin-mainz.de (C. Labenz).

https://doi.org/10.1016/j.aohep.2022.100719

1665-2681/© 2022 Fundación Clínica Médica Sur, A.C. Published by Elsevier España, S.L.U. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Annals of Hepatology 27 (2022) 100719

Contents lists available at ScienceDirect

Annals of Hepatology

journa l homepage : www.e lsev ie r .es /anna lso fhepato logy

http://crossmark.crossref.org/dialog/?doi=10.1016/j.aohep.2022.100719&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:Christian.labenz@unimedizin-mainz.de
https://doi.org/10.1016/j.aohep.2022.100719
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.aohep.2022.100719
http://www.ScienceDirect.com
http://www.elsevier.es/annalsofhepatology


patients, thus, early diagnosis is essential to improve their outcomes

[4,5]. However, signs of infection may be subtle and not very specific

in patients with liver cirrhosis, often preventing a fast diagnosis [6].

Several factors contribute to the susceptibility to bacterial infec-

tions in patients with liver cirrhosis: Alterations and excessive growth

of gut microbiome combined with an impaired intestinal barrier func-

tion increase the likelihood of bacterial translocation [7]. In addition,

liver cirrhosis leads to a progressive immune dysfunction (cirrhosis-

associated immune dysfunction (CAID) [5], including both systemic

inflammation and immunodeficiency [5]. In case of an additional bac-

terial infection, the cardiovascular response is inadequate and culmi-

nates in a rapid hemodynamic collapse [5]. Therefore, infections are

often more severe in patients with liver cirrhosis [7−10].

To improve the prognosis of patients with liver cirrhosis, it is of

utmost importance to identify potential risk factors for infections and

to initiate adequate antibiotic treatment in patients with any signs of

infections [11]. Here, the choice of antibiotics has to be guided by the

local epidemiology of multidrug-resistant (MDR) bacteria. Recent

studies indicated an increase of MDR bacteria from < 10% in 1998 -

2000 up to 23% in 2010 - 2011 [12]. In this context, a recently pub-

lished global study estimated the rate of MDR bacteria to be as high

as 36% globally, below 20% in the USA, and more than 70% in India

[13]. However, studies investigating the prevalence of MDR bacteria

in patients with liver cirrhosis in Germany are scarce. Therefore, this

study aimed to evaluate the impact of bacterial infections on mortal-

ity in hospitalized patients with liver cirrhosis and to analyze the

prevalence of MDR bacteria in a German tertiary care center.

2. Material and methods

2.1. Study population

This study was a retrospective analysis of a prospectively collected

database. A total of 239 consecutive inpatients with an established

diagnosis of liver cirrhosis were enrolled between March 2019 and

June 2021 at the Cirrhosis Center Mainz (CCM) of the University Med-

ical Center Mainz, Germany. All patients were hospitalized non-elec-

tively, most often due to complications of liver cirrhosis, or

infections. All patients were included in the study at initial presenta-

tion only. Repeated presentations were not included. All data were

recorded within the first 48 hours of hospitalization. The leading eti-

ology of the underlying liver disease was determined according to

clinical, serological and histological findings. Diagnosis of liver cirrho-

sis was established by histology, conclusive appearance in ultrasound

or radiological imaging, endoscopic features of portal hypertension,

and medical history. Blood biochemistry (bilirubin, albumin, interna-

tional normalized ratio (INR), sodium, potassium, creatinine, c-reac-

tive protein (CRP), white blood cell count (WBC), hemoglobin, and

thrombocytes were assessed in all patients. Model for end-stage liver

disease (MELD) and Child-Pugh (CP) scores were calculated to

determine the severity of the underlying liver disease. Each patient

was monitored during clinical routine for the development of infec-

tions during the hospital stay. ACLF was defined according to the

EASL-CLIF recommendations [14,15]. Patients with known malignan-

cies (including hepatocellular carcinoma (HCC)) were not approached

for this study.

2.2. Assessment of bacterial infections

Infections that were detected at hospitalization (study inclusion)

or infections that developed during hospitalization were recorded.

All infections were classified based on the time point of their occur-

rence in community-acquired (< 48 h after admission) or nosocomial

(> 48 h after admission). Microbiological isolates (blood cultures,

urine cultures, cultures from punctures, stool samples), the number

of infections caused by MDR bacteria as well as the location of coloni-

zation, and the respective antibiotic treatment regimen were

recorded using medical charts review.

Criteria for defining infectious complications were based on cur-

rent guidelines of the Association of the Scientific Medical Societies

in Germany (AWMF, Arbeitsgemeinschaft der Wissenschaftlichen

Medizinischen Fachgesellschaften e.V.) and the European Association

for the Study of Liver Diseases (EASL, Table 1) [16−22]. According to

the local standard of care and on the discretion of the treating physi-

cian, all patients with cirrhosis and suspected infections should have

at least a urine analysis, a chest X-ray, skin inspection, and, if possible,

a diagnostic paracentesis. However, it has to be mentioned that this

study reflects a real-life scenario and the aforementioned standard of

care was not followed in all patients. Blood cultures were taken

peripherally in two sets of aerobic/anaerobic bottles at different sites.

If line infections were highly suspected, additional blood cultures

were taken from central lines. Urine samples were collected from

patients via clean catch, otherwise via urinary catheter if present.

Diagnosis of other infections were made based on conventional crite-

ria. The occurrence of first signs of infection were precisely docu-

mented in the context of hospital-acquired infections.

Microbiological diagnostics, in particular bacterial cultures from

blood, urine, drains or stool, were considered positive if the pathogen

detection provided a conclusive picture with laboratory and clinical

infection constellations. For example, positive blood cultures with

the detection of classical skin commensals such as coagulase-nega-

tive staphylococci were evaluated as negative (contamination) if their

cultivation took more than 12 hours and was only possible once.

2.3. Definition of MDR bacteria

The Antimicrobial Susceptibility Testing was evaluated according

to the European Committee on Antimicrobial Susceptibility Testing

(EUCAST) [23,24]. Each susceptibility category (S: susceptible, stan-

dard dosing regimen; I: susceptible, increased exposure; R: resistant)

Table 1

Definitions of the infection sites.

Spontaneous bacterial peritonitis

(SBP)

Ascites fluid with a neutrophil count above 250 cells/ml and/or positive ascites fluid cultures without any intra-abdominal

surgically treatable source of infection

Pneumonia New pulmonary infiltrate/consolidation/cavity in the presence of at least one respiratory symptom (cough, sputum produc-

tion, dyspnea, pleuritic pain) with at least one auscultation finding (rales or crepitation) or one sign of infection (core body

temperature >38°C or < 36°C, shivering or leucocyte count >10,000/mm3 or <4,000/mm3)

Bacterial enterocolitis Diarrhea of dysentery with a positive stool culture for Salmonella, Shigella, Yersinia, Campylobacter, Clostridioides difficile

or pathogenic Escherichia coli

Skin infection Fever with cellulitis

Urinary tract infection (UTI) Urine WBC > 15/high power field with positive urine Gram stain or culture or significant WBC count in urine (>500/ml) with

typical complaints (fever/pain/dysuria/pollakisuria)

Intraabdominal infection Diverticulitis, appendicitis, cholangitis
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is defined by breakpoints that are specific for each species and agent.

Resistant results include intrinsic resistances as well as acquired

resistances. Resistance classification is carried out almost entirely by

phenotypic criteria and not only according to resistance mechanisms.

Gram-negative bacteria with extended intrinsic resistance e.g. Steno-

trophomonas maltophilia were also included. The isolated bacteria

considered to be multidrug-resistant were: Methicillin-/Oxacillin-

resistant Staphylococcus aureus (MRSA), Vancomycin- or Linezolid-

resistant Enterococcus (VRE) and Gram-negative bacteria including

those producing extended spectrum beta-lactamases (ESBLs) and

others that are resistant to multiple classes of antimicrobial agents

[25−28]. The group of multidrug-resistant Gram-negative bacteria

included Enterobacteriaceae as well as non-fermenters such as Pseu-

domonas aeruginosa and Actinetobacter baumanii complex. The clas-

sification of multidrug-resistant Gram-negative bacteria was based

on the "New classification for multidrug-resistant Gram-negative

bacteria" of the Commission for Hospital Hygiene and Infection Pre-

vention (KRINKO) at the Robert Koch Institute, Germany. Not all anti-

biotics are weighted equally in this classification. Only the clinically

most important ones such as acyl ureidopenicillins, extended-spec-

trum cephalosporins, carbapenems, and fluoroquinolones are taken

into account. For a resistance to them has therapeutic consequences

[28]. Gram-negative bacteria were classified as MDR if they were

resistant to at least three of the four classes of antibiotics mentioned

above.

2.4. Assessment of colonization of MDR bacteria

Swabs for multidrug-resistant germs were taken from patients

who were either admitted to a sensitive area at the University Medi-

cal Centre (organ transplant wards or intensive care units) or who

met the local requirements for smear testing. The latter corresponded

to patients who were transferred from other medical facilities such as

hospitals or nursing homes. Swabs were taken intranasal, pharyngeal,

and rectal according to a standardized protocol and tested for the

above mentioned pathogens (MRSA, VRE, and MDR Gram-negative

bacteria).

2.5. Follow-up evaluation

All study participants were followed-up by medical charts review

during their hospital stay and for the following 30 days after study

inclusion. The composite endpoint of death or liver transplantation

was evaluated as the primary endpoint during follow-up. As patients

with HCC were excluded, all patients who had received a liver trans-

plantation during follow-up were transplanted due to final liver fail-

ure and were consequently treated as complete cases (= death). Thus,

the combined endpoint of death or liver transplantation is referred to

as mortality in the following sections of the manuscript.

2.6. Ethical statement

The study was conducted according to the ethical guidelines of

the 1975 Declaration of Helsinki and its later amendments. Written

informed consent was obtained from all study participants and the

study was approved by the ethics committee of the Landes€arzte-

kammer Rheinland-Pfalz (837.052.12 [8153]).

2.7. Statistical analyses

All analyses were performed using SPSS (IBM SPSS Statistics 27,

Version 27.0.0.0) and Microsoft Excel. Quantitative data are

expressed as medians with interquartile ranges (IQR). Pairwise com-

parisons for quantitative variables were performed with an unpaired

t-test or with the Mann-Whitney U-test. Categorical variables are

given as frequencies and percentages, respectively. For the

comparison of two or more patient groups a chi-square test was

applied. To assess predictors for the occurrence of the composite end-

point of death or liver transplantation (mortality), differences

between patients who deceased within 30 days or who survived

were analyzed by univariable analyses. Variables with p < 0.05 in the

univariable analysis were subsequently considered in a multivariable

logistic regression model. This model was built based on a stepwise

variable selection procedure. Our data analysis is exploratory and

thus no adjustments for multiple testing were performed. P-values <

0.05 were considered statistically significant.

3. Results

3.1. Study cohort

A total of 239 consecutive, non-electively hospitalized patients

with liver cirrhosis were included in this study. The reasons for hos-

pital admission were either an acute decompensation event

(hydropic decompensation, hepatic encephalopathy, bleeding events

such as variceal bleeding, acute kidney injury / hepatorenal syn-

drome), infections or a combination of these. Most patients were

male (64.0%) and the most common underlying etiology of liver cir-

rhosis was alcohol-induced liver disease (62.3%). The median MELD

score was 18 (IQR 12; 24) and 93 patients (39.3%) suffered from ACLF

(grade 1) at study inclusion. In total, 121 patients had at least one

infection during hospital stay. Of those, 81 (33.9%) had a community-

acquired infection and 70 (29.3%) a hospital-acquired infection. No

patient suffered from a viral infection. Additional baseline character-

istics of the cohort are displayed in Table 2.

3.2. Characteristics of bacterial infections

A total of 81 patients (33.9%) suffered from a community-acquired

infection. The most common sites were SBP (34.0%), followed by UTI

(25.0%) (Fig. 1). In 16/28 (57.1%) patients with SBP and 13/20 (65.0%)

patients with UTI a pathogen could be detected. The most common

pathogen detected across all infections were Enterobacteriacae

(23.8%), followed by Enterococcus (10.0%) and Staphylococcus

(8.75%) (Fig. 3). More than half of the patients with a community-

acquired infections were initially treated with a calculated 3rd gener-

ation cephalosporin antibiotic (55.8%).

Hospital-acquired infections occurred in 70 patients (29.3%). The

most common sites were pneumonia (30.4%), followed by UTI

(20.3%) and SBP (14.5%) (Fig. 2). Again, Enterobacteriacae were

detected most frequently (20.3%), but in addition, slightly more

Gram-positive pathogens were detected in these patients compared

to patients with community-acquired infections (26.9%) (Fig. 4). In

case of a hospital-acquired infection, antibiotic treatment was most

frequently initiated with piperacillin/tazobactam (30.4%). More

detailed information on the characteristics of infections is displayed

in Table 3.

MDR bacteria were detected in 7 infected patients (5.8%). MRSA

and VRE were only detected once, respectively (Table 3). Of all 239

patients, 127 patients (53.1%) were screened for multidrug-resistant

bacteria (colonization) with a swab test. The reason for this is the

above-mentioned restrictions on screening, which is why not every

patient receives a smear test. 29 (22.8%) patients showed a positive

result. Colonization with Gram-negative MDR bacteria was detected

most frequently (13.3%), followed by VRE colonization (7.9%).

3.3. Impact of bacterial infections on the composite endpoint of death or

liver transplantation (mortality)

In total, 34 patients died (n = 25, 10.5 %) or received a liver trans-

plantation (n = 9, 3.8 %) during follow-up of 30 days. Given that all

patients who had received a liver transplantation had done so
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because of final hepatic failure, they were treated as complete cases.

Of the 25 patients who died, 11 died because of infection, two died

because of variceal bleeding, and 12 died because of a combination of

complications. The rate of infections during hospital stay was signifi-

cantly higher in patients who deceased within 30 days compared to

patients who survived for more than 30 days (67.6% vs. 48.3%, p <

0.001). The same was true for community-acquired infections (47.1%

vs. 31.7%, p < 0.001). Additional characteristics of patients who did

and did not decease within 30 days are displayed in Table 4.

To identify predictors for higher short-term mortality (30 days) in

our cohort, we conducted a logistic regression analysis (Table 5). At

first, a logistic regression model with stepwise variable selection was

conducted including all univariable significant factors (p < 0.05) as

displayed in Table 4. Here, a higher MELD score (OR 1.068, 95% CI

1.022 − 1.117, p = 0.004) and the presence of an infection during hos-

pital stay (OR 2.522, 95% CI 1.044 − 6.091, p = 0.040) remained inde-

pendently associated with higher mortality.

To focus on the impact of infections on “true” mortality, we con-

ducted an additional analysis after exclusion of the nine patients who

received a liver transplantation. Here, patients with an infection dur-

ing hospital stay had a higher mortality rate than patients without

infections (15.8% vs. 4.3%, p = 0.004). In addition, the mortality rate

was numerically higher in patients with community-acquired infec-

tions than in patients without community-acquired infections (15.6%

vs. 7.2%, p = 0.047) and in patients who developed a hospital-

acquired infection than in patients who did not develop a hospital-

acquired infection (15.6% vs. 7.9%, p = 0.080).

4. Discussion

In this study, we were able to demonstrate that bacterial infec-

tions are common and, along with impaired liver function, the main

determinant of short-term mortality in hospitalized patients with

liver cirrhosis in Germany. In addition, we may provide a

Table 2

Demographics and clinical characteristics of the entire cohort and stratified by the presence of infections at the time of study inclusion.

Variable Total cohort Infection during hospital stay No infection during hospital stay p-value

n 239 121 118

Age, yr (IQR) 60 (50, 66) 57 (50, 65) 61 (52, 66) 0.180

Male gender, n (%) 153 (64.0) 72 (60.0) 81 (68.1) 0.194

Etiology

Alcohol, n (%)

Viral hepatitis, n (%)

NAFLD, n (%)

Other/mixed, n (%)

149 (62.3)

11 (4.6)

44 (18.4)

35 (14.6)

76 (63.3)

5 (4.2)

21 (17.5)

18 (15.0)

73 (61.3)

6 (5.0)

23 (19.3)

17 (14.3)

0.990

Median MELD (IQR) 18 (12, 24) 20 (15, 27) 16 (11, 21) <0.001

CP A/B/C, n (%) 41/119/79 (17.2/49.8/33.1) 19/55/46 (15.8/45.8/38.3) 22/64/33 (18.5/53.8/27.7) 0.239

ACLF, n (%) 94 (39.3) 69 (57.5) 25 (21.0) <0.001

Sodium, mmol/L (IQR) 136 (133, 139) 136 (132, 139) 137 (133, 139) 0.841

Creatinin, mg/dl (IQR) 1.1 (0.8, 1.9) 1.3 (0.9, 2.5) 1.0 (0.8, 1.4) 0.002

Bilirubin, mg/dl (IQR) 2.8 (0.8, 1.9) 3.0 (1.4, 10.7) 2.6 (1.2, 5.7) 0.083

Albumin, g/dl (IQR) 26 (21, 32) 25 (20, 31) 26 (22, 32) 0.337

INR, (IQR) 1.5 (1.3, 1.9) 1.6 (1.3, 2.0) 1.4 (1.3, 1.7) 0.004

CRP, (IQR) 20 (8, 46) 35 (13, 55) 13 (6.5, 30) <0.001

WBC, /ml (IQR) 7.5 (4.5, 10.9) 9.0 (5.8, 12.4) 6.3 (4.3, 8.8) 0.000

Hemoglobine, g/dl (IQR) 10.1 (8.6, 11.9) 9.9 (8.5, 11.3) 10.3 (8.6, 12.5) 0.121

Platelets, /ml (IQR) 107 (68, 160) 110 (71, 166) 104 (63, 158) 0.415

History of ascites, n (%) 189 (79.1) 91 (75.8) 98 (82.4) 0.215

History of HE, n (%) 73 (30.5) 43 (35.8) 30 (25.2) 0.145

History of variceal bleeding, n (%) 47 (19.7) 31 (25.6) 16 (13.6) 0.025

History of SBP, n (%) 44 (18.4) 24 (20.0) 20 (16.8) 0.524

Norfloxacin, n (%) 12 (5.0) 6 (5.0) 6 (5.1) 0.964

Rifaximin, n (%) 49 (20.5) 20 (16.5) 29 (24.6) 0.131

History of infection during previous 90 days, n (%) 25 (10.5) 13 (10.7) 12 (10.1) 0.885

30 days survival, n (%)

- Deceased within 30 days, n (%)

- LTx within 30 days, n (%)

205 (85.8)

25 (10.5)

9 (3.8)

95 (79.2)

17 (14.0)

6 (5.0)

110 (92.4)

8 (6.8)

3 (2.5)

0.005

Data are expressed as medians and interquartile ranges or as frequencies and percentages.

ACLF: acute-on-chronic liver failure; CP: child pugh; CRP: c-reactive protein; HE: hepatic encephalopathy; HRS: hepatorenal syndrome, ICU: intensive care unit; IQR:

interquartile range; INR: international normalized ratio; LTX: liver transplantation n: number; MELD: model for end-stage liver disease; NAFLD: non-alcoholic fatty

liver disease; SBP: spontaneous bacterial peritonitis; wbc: white blood cell; Yr: years

Fig. 1. Pie chart showing the sites of community-acquired infections in the total

cohort. SBP spontaneous bacterial peritonitis; UTI urinary tract infection.

Fig. 2. Pie chart to showing the sites of hospital-acquired infections in the total cohort.

SBP spontaneous bacterial peritonitis; UTI urinary tract infection.
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comprehensive overview of the spectrum of infectious pathogens in

patients with liver cirrhosis in Germany. In this context, the pathogen

pattern shifted from an initial Gram-negative spectrum in commu-

nity-acquired infections to a more Gram-positive spectrum in hospi-

tal-acquired infections. Additionally, we found that MDR bacteria

played only a minor role in our cohort, being detected in 5.8% of all

infected patients.

It is well-known, that patients with liver cirrhosis have an

increased risk of infections [2] and this is validated by our present

study. About one in three (33.9%) of the patients presented with com-

munity-acquired infections and about one in three (29.3%) developed

an infection during their hospital stay. Taken together, every second

non-electively hospitalized patient was at risk of infection (50.6%).

These numbers are in line with a comparable US-based study [29]

and emphasize the fact that a comprehensive diagnostic work-up to

detect or exclude infections in hospitalized patients with decompen-

sated cirrhosis is of utmost importance.

Several studies demonstrated the detrimental effect of bacterial

infections on short-term prognosis in patients with liver cirrhosis

[13,30]. In our cohort, approximately one in three patients with infec-

tions did not survive or required a liver transplantation within

30 days of hospitalization. This is explained by a vicious circle includ-

ing infections, systemic inflammation, and decompensation of cirrho-

sis frequently resulting in ACLF. In this context, bacteria themselves

and their components play an important role in the occurrence of

decompensation by triggering an inflammatory cascade [30]. This is

supported by the finding that patients with infections had a signifi-

cantly higher MELD score and the prevalence of ACLF at study inclu-

sion exceeded by far the prevalence of ACLF in patients without

infections in our study. This is in line with a recently published Ger-

man study by Reichert et al. demonstrating that hepatic decompensa-

tion in combination with an infection in particular significantly

increases mortality, while bacterial infections without decompensa-

tion did not result in poorer prognosis [31,32].

In our cohort, the most common site of infection at admission was

SBP, followed by UTI. In terms of hospital-acquired infections, we

found a relevant change in the sites of infection. Here, most patients

suffered from pneumonia, followed by UTI. A hospital-acquired SBP

occurred only in a minority of cases. These findings are in line with

previously published reports from the western world [33].

Acute decompensation in liver cirrhosis is frequently triggered by

infections. However, infections in patients with liver cirrhosis are

often clinically less obvious (lower prevalence of fever and lower lev-

els of CRP) than in other patient groups and thus are more difficult to

detect. In this context, it is most challenging to detect spontaneous

bacteremia caused by portosystemic shunts, which occurs in up to 8-

15% of all infections [34]. Therefore, blood cultures should be

obtained in every single patient with liver cirrhosis and acute decom-

pensation, even if only mild signs of inflammation are present. In our

current study, this workup was insufficiently successful. Peripheral

venous blood cultures were only drawn in less than half of all

patients (40.1%). Blood cultures from ascites, on the other hand, were

taken much more frequently (62.3%).

The pathogen patterns detected in our patients were in line with

previously published reports [12,33]. In the majority of cases, Entero-

bacteriaceae were detected in both community-acquired and hospi-

tal-acquired infections (23.8% and 20.3%). Staphylococci spp. and

Fig. 3. Pie chart showing the germ spectrum of community-acquired infections. Spp.

Species pluralis; C.diff. Clostridioides difficile.

Fig. 4. Pie chart showing the germ spectrum of hospital-acquired infections. Spp. Spe-

cies pluralis; C.diff. Clostridioides difficile.

Table 3

Characteristics of infections in the study cohort.

Variable n (%)

All patients, n (%) 239

Community-acquired infection, n (%) 81 (33.9)

Hospital-acquired infection, n (%) 70 (29.3)

Infection during hospital stay, n (%) 121 (50.6)

Microbiological diagnostics in patients with

community-acquired infections (n=81)

Positive result / negative result /

not taken

Blood culture, n (%) 16 (19.8) / 36 (44.4) /29 (35.8)

Ascites, n (%) 19 (23.5) / 44 (54.3) / 18 (22.2)

Urine, n (%) 19 (23.5) / 38 (48.1) / 24 (29.6)

Stool, n (%) 1 (1.2) / 10 (12.3) / 70 (86.4)

Microbiological diagnostics in patients with

hospital-acquired infection (n=70)

Blood culture, n (%) 19 (27.1) / 34 (48.6) / 17 (24.3)

Ascites, n (%) 13 (18.6) / 40 (50.1) / 17 (24.3)

Urine, n (%) 19 (27.1) / 30 (42.9) / 21 (30.0)

Stool, n (%) 1 (1.4) / 30 (4.3) / 39 (55.7)

First line antibiotic treatment

Aminopenicillin, n (%) 9 (9.5)

Cephalosporins, n (%) 53 (55.8)

Piperacillin, n (%) 17 (17.9)

Fluoroquinolone, n (%) 2 (2.1)

Carbapenems, n (%) 5 (5.3)

Antimycotic, n (%) 2 (2.1)

Others, n (%) 7 (7.4)

Second line antibiotic treatment

Aminopenicillin, n (%) 4 (5.7)

Cephalosporins, n (%) 14 (20.3)

Piperacillin/Tazobactam, n (%) 21 (30.4)

Fluoroquinolone, n (%) 3 (4.3)

Carbapenems, n (%) 13 (18.8)

Antimycotic, n (%) 3 (4.3)

Others, n (%) 11 (15.4)

MDR bacteria

No antibiotic resistance detected, n (%) 113 (94.2)

MRSA, n (%) 1 (0.8)

MDR Gram-negative bacteria, n (%) 5 (4.1)

VRE, n (%) 1 (0.8)

Smear

No antibiotic resistance detected, n (%) 98 (41.0)

MRSA, n (%) 2 (0.8)

MDR Gram-negative bacteria, n (%) 17 (7.1)

VRE, n (%) 10 (4.2)

not taken, n (%) 112 (46.9)

Data are expressed as frequencies and percentages.

MDR: multidrug-resistant Gram-negative bacteria; MRSA: Methicillin-resistant

Staphylococcus aureus; n: number; SBP: spontaneous bacterial peritonitis; spp: spe-

cies pluralis; UTI: urinary tract infection; VRE: vancomycin resistant enterococci
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Enterococci spp. were in the second and third place with 8.75% and

14.5% as well as 10.0% and 10.1%, respectively. These findings are con-

sistent with the pathophysiological mechanisms predisposing

patients with liver cirrhosis to infections and bacteremia. In this con-

text, the most important factors are liver dysfunction, portal-sys-

temic shunting, CAID, and intestinal bacterial translocation [35]. The

later explains above all the increased detection of Gram-negative

pathogens [35]. The detection-rate of Gram-positive pathogens can

be explained by the increase in rates of skin infections in patients

with hospital-acquired infections. The main triggers here were intra-

venous lines. Here, an increase of Staphylococcus spp. could be

detected (42.9% (n =3/7) to 90.0% (n = 9/10)). Despite the significant

increase in pneumonia, pathogen detection was often not possible.

The pathogen was detected in only two out of six cases and in four

out of 21 cases of nosocomial pneumonia.

In the context of pathogen patterns in patients with cirrhosis,

infections with MDR pathogens are known to be rising worldwide

[12,29,36]. Three previous studies including patients from tertiary

care centers found a prevalence of infections with MDR bacteria rang-

ing from 23% up to 47% [12,29,36]. Another German study conducted

by Hillert et al. found a prevalence of 19.2% of MDR bacteria in hospi-

talized patients with ascites [37]. In contrast, the prevalence of MDR

bacteria in patients with infections was 5.8% in our study. When

interpreting our findings in the context of these aforementioned

studies, it is a strength of our study that we provide a comprehensive

picture of detected bacterial pathogens in an unselected cohort of

hospitalized patients with liver cirrhosis, while e.g. the study by Hill-

ert et al. only investigated patients with ascites [37]. Although the

large difference in the prevalence of MDR bacteria is somewhat sur-

prising, these results highlight the heterogeneity of prevalence rates

even among tertiary care centers in Germany. In addition, Hillert

et al. also reported an overall reduction in MDR bacteria when com-

paring time frames before and after 2015 (34.0% vs. 19.5%). This

underlines not only the local but also the temporal heterogeneity of

pathogen spectra. Therefore, prevalence rates of MDR bacteria should

be closely monitored in centers with a focus on managing liver cir-

rhosis to adjust recommendations regarding calculated antibiotic

treatment regimens in these patients. Currently, the EASL recom-

mends piperacillin/tazobactam instead of 3rd generation cephalo-

sporins, if the pathogen pattern in the respective region corresponds

to a high risk of MDR bacteria [6]. Based on our current findings, it

seems reasonable to stick with 3rd generation cephalosporines in our

center given the low prevalence of MDR bacteria.

Our study has several limitations that have to be acknowledged.

First, our study design is observational, and the assessment of infec-

tions was done according to the local standard of care. Therefore, our

findings especially regarding the prevalence of detected pathogens

have to be interpreted in the context of the design. Additionally, it

has to be acknowledged that in some patients microbial diagnostics

were missing. This is likely explained by unintentional omission in

daily routine. Our study reflects the real-life scenario at a tertiary

care center in Germany, and we therefore believe that this finding

should further raise awareness of the need for consistent bacterial

diagnosis in hospitalized patients with liver cirrhosis. Second, this

study was conducted at a tertiary care center with a special focus on

Table 4

Demographics and clinical characteristics of the entire cohort stratified by 30-days mortality at the time of study

inclusion.

Variable Alive 30-days Deceased/LTx 30-days p-value

n 205 34

Age, yr (IQR) 59 (50.5; 67.0) 57 (50.0; 63.25) 0.225

Male gender, n (%) 132 (64.4) 21 (61.8) 0.888

Etiology

Alcohol, n (%)

Viral hepatitis, n (%)

NAFLD, n (%)

Other/mixed, n (%)

126 (61.5)

11 (5.4)

39 (19.0)

29 (14.1)

23 (67.6)

0 (0.0)

5 (14.7)

6 (17.7)

0.505

Median MELD (IQR) 17 (12; 22) 24 (18; 28) <0.001

CP A/B/C, n (%) 36/102/67 (17.6/49.8/32.7) 5/17/12 (14.7; 50.0/35.3) 0.955

ACLF, n (%) 75 (37.1) 18 (52.9) 0.079

Sodium, mmol/L (IQR) 137 (133; 139) 134 (129; 137) 0.014

Creatinin, mg/dl (IQR) 1.07 (0.8; 1.8) 1.2 (0.8; 2.0) 0.709

Bilirubin, mg/dl (IQR) 2.4 (1.2; 5.9) 10.1; 2.8; 18.4) 0.000

Albumin, g/dl (IQR) 26 (22; 33) 22 (18; 27) 0.001

INR, (IQR) 1.4 (1.3; 1.8) 1.8 (1.4; 2.4) <0.001

CRP, mg/l (IQR) 19 (8; 11) 33 (14; 59) 0.012

WBC, /ml (IQR) 7.2 (4.5; 10.7) 8.8 (5.4; 15.6) 0.006

Hemoglobin, g/dl (IQR) 10.1 (8.6; 11.9) 10.3 (8.5; 12.0) 0.804

Platelets, /ml (IQR) 107 (69; 160) 107 (58; 162) 0.598

History of ascites, n (%) 161 (78.5) 28 (82.4) 0.612

History of HE, n (%) 61 (29.8) 11 (32.4) 0.034

History of SBP 39 (19.0) 5 (14.7) 0.547

Community-acquired infection, n (%) 65 (31.7) 16 (47.1) 0.025

Hospital-acquired infection, n (%) 57 (27.8) 13 (38.2) 0.097

Infection during hospital stay, n (%) 98 (48.3) 23 (67.6) 0.005

Data are expressed as medians and interquartile ranges or as frequencies and percentages.

ACLF: acute-on-chronic liver failure; CP: child pugh; CRP: c-reactive protein; HE: hepatic encephalopathy; HRS: hepa-

torenal syndrome, ICU: intensive care unit; IQR: interquartile range; INR: international normalized ratio; n: number;

MELD: model for end-stage liver disease; NAFLD: non-alcoholic fatty liver disease; SBP: spontaneous bacterial perito-

nitis; wbc: white blood cell; Yr: years

Table 5

Logistic regression analyses of predictors for the composite endpoint of death/

need for liver transplantation within 30 days after hospitalisation.

Multivariable logistic regression analysis OR (95% CI) p-value

MELD

Infection during hospital stay

1.068 (1.022 − 1.117)

2.522 (1.044 − 6.091)

0.004

0.040

OR, odds ratio; 95% CI, 95% confidence interval; MELD, model for end-stage liver

disease;

Multivariable logistic regression analysis with a stepwise variable selection proce-

dure. Only significant variables are displayed. Not significant were: ACLF, sodium,

albumin, haemoglobin, history of ascites, history of hepatic encephalopathy.
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liver transplantation. This may result in selection bias and our find-

ings may not be representative for hospitals without a liver trans-

plantation program. Last, the frequency of outcome events in our

study was comparably small. Therefore, the multivariable analysis of

our study should be interpreted with caution. Additionally, due to

the low number of events we are unable to conduct multivariable

analysis with the outcome mortality.

5. Conclusions

In conclusion, this study demonstrates that bacterial infections are

common in hospitalized patients with liver cirrhosis in Germany and

are, along with impaired liver function, a major determinant of short-

term mortality. Additionally, we found that pathogen spectra

changed from a Gram-negative spectrum in community-acquired

infections to a more Gram-positive spectrum in hospital-acquired

infections with a low frequency of MDR bacteria of 5.8%. Our data

highlight the importance of regional differences in MDR bacteria and

may guide physicians' decision-making regarding calculated antibi-

otic treatment.
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