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INTRODUCTION

Patients with liver cirrhosis are more susceptible to develop 

bacterial infections than the general population. This is due to 

several factors that predispose to the occurrence of overt infec-

tions.1

Firstly, patients with cirrhosis frequently show a certain degree 

of acquired immunodeficiency which has been termed “cirrhosis-

associated immune dysfunction”.2 Several mechanisms contribute 

to immune dysfunction, such as the reduction of leukocytes count 

due to hypersplenism, the reduced production of innate immunity 

proteins (such as complement), the exhaustion of immune cells, 

the impairment in neutrophils’ phagocytosis and oxidative burst, 

the release of anti-inflammatory cytokines and the hyperactiva-

tion of tryptophan-kynurenine pathway.2,3 Moreover, portal hy-

pertension induces a disruption of intestinal barrier causing an in-

crease in intestinal permeability that eases the translocation of 

intestinal bacteria from the gut to the bloodstream.4 The bacterial 

translocation is facilitated by the intestinal bacterial overgrowth 

and the relative changes in microbiome species (dysbiosis), with a 

reduction of beneficial phyla and an increase on pathogenic phyla 

(such as Enterobacteriaceae  and Enterococcaceae).4,5 All these 

factors make the patients with cirrhosis susceptible to the devel-

opment of infections, which are associated with the onset of 

complications such as acute kidney injury (AKI), hepatic encepha-

lopathy, organ failures and increase 4-fold the mortality risk.6-9 In-

deed, infections are the most common precipitating event of an 

acute decompensation of cirrhosis and are associated with a se-
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vere clinical course.10 Remarkably, the risk of dying because of 

sepsis is currently increasing in patients with cirrhosis,11 probably 

because of the increasing spread of multidrug-resistant (MDR) 

bacteria and the lack of new effective antibiotics.12

For all these reasons, infections in cirrhosis are a very hot topic 

that needs to be carefully considered by clinicians. Herein we con-

cisely reviewed the current changes in the epidemiology and man-

agement of bacterial infections in patients with cirrhosis.

EPIDEMIOLOGY OF BACTERIAL INFECTIONS IN 
CIRRHOSIS

Prevalence and characteristics of infections

The prevalence of bacterial infections is about 25–46% in cir-

rhotic patients hospitalized for an acute decompensation of cir-

rhosis.13,14 In about two third of cases, infections are diagnosed at 

admission, either community acquired (CA) (30–50%) or health-

care-associated (i.e., occurring in patients hospitalized in the prior 

3 months, living in nursing home residency or requiring intravas-

cular therapy; 25–40%), whereas one third of patients develops 

nosocomial infections.13,15-21 Patients with severe liver dysfunction 

(higher MELD score and Child-Pugh score), with ascites and low 

protein concentration in ascitic fluid or with gastrointestinal (GI) 

bleeding are at higher risk of developing infections.1

Several prospective studies have shown that spontaneous bac-

terial peritonitis (SBP) is the most common infection in patients 

with cirrhosis, accounting for 20–30% of infections in these pa-

tients. Other common infections are urinary tract infections (UTIs; 

20–25%), pneumonia (20%), spontaneous bloodstream infections 

(8–15%) and skin and soft tissues infections (SSTIs; 5–10%).13,15,16,21 

About 20% of patients with infections develop second infections 

during the hospitalization, which are associated with a further in-

crease in mortality risk.21

As for the type of bacteria involved, Enterobacteriaceae (such 

as Escherichia coli  and Klebsiella pneumoniae) and other gram 

negative bacteria are the most common bacteria involved in the 

development of SBP and UTIs (accounting for 50–70% of cases), 

whereas gram positive bacteria such as Staphylococcus aureus 

and Enterococci  accounts for 30–45% of cases.15,22,23 In patients 

with pneumonia and SSTIs gram-positive bacteria prevails.15 A 

certain proportion of the aforementioned bacteria are MDR (i.e., 

bacteria resistant to at least one antibiotic in at least three antimi-

crobial categories) or extensively drug resistant (XDR; i.e., resis-

tant to at least one agent in all but less than two antimicrobial 

categories). The most common type of MDR bacteria in cirrhosis 

are extended spectrum beta lactamase and AmpC- producing En-
terobacteriaceae, methicillin resistant Staphylococcus aureus and 

vancomycin resistant enterococci.13,15,16 The most common XDR 

bacteria are carbapenemase producing enterobacteriaceae, car-

bapenem resistant Pseudomonas aeruginosa  and Acinetobacter 
baumannii.15

The recent changes in the epidemiology of infections 
and the issue of multi-drug resistant bacteria

In the last two decades three relevant epidemiological changes 

occurred in patients with cirrhosis and bacterial infections. First of 

all, the implementation of the use of quinolones for the prophy-

laxis of bacterial infections led to an increase in infections due to 

gram-positive bacteria.24 Secondly, the wide use of third genera-

tion cephalosporins led to an increase of infections due to entero-

cocci (constitutively resistant to cephalosporins), in particular in 

healthcare-associated and nosocomial infections.13,15,23,25 The last 

and most important change was the increase in the prevalence of 

MDR bacteria and XDR bacteria. Fernández et al.16,24 showed that 

in their center the prevalence of MDR organisms was less than 

10% at the end of ‘90s and increased to 23% in 2012. More re-

cently a large European multicenter study showed an increase in 

the prevalence of MDR organisms from 29% to 38% from 2011 

to 2017–2018.13 A multicenter intercontinental study including 

more than 1,300 patients with cirrhosis showed a prevalence of 

MDR bacteria of 34% in culture positive infections, with a rele-

vant heterogeneity among different geographic areas, ranging 

from less than 20% in USA to more than 70% in India.15 The 

prevalence of XDR organisms showed a similar heterogeneity 

ranging from 0% in Canada and Switzerland to 33% in India.15 

Similar heterogeneity was also observed in other multicenter and 

single center studies (Fig. 1). These findings suggest that physi-

cians caring for patients with cirrhosis and infections should inter-

act with microbiologist to know the local epidemiology and prev-

alence of MDR bacteria at their institution.

The increase in MDR and XDR bacteria represents an important 

challenge in the management of infections in patient with cirrho-

sis, because infections caused by these germs are more difficult to 

be treated and are associated to an increased risk of failure of an-

tibiotic treatment, development of septic shock and in-hospital 

mortality.12,13,15,16,23 Several studies identified risk factors for the 

development of MDR bacteria, such as an antibiotic course with 
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beta-lactams or other antibiotics in the prior 3 months, a hospi-

talization in the 3 months prior, invasive procedures and nosoco-

mial infections.13,15,16,19,20,23

MANAGEMENT OF BACTERIAL INFECTIONS

General management 

The first measure to promptly identify and treat infections in 

patients with cirrhosis is to look for them. This could seem an ob-

vious concept, but certainly not to be underestimated, considering 

that typical signs of infection (like fever) may not be present in the 

early phases in these patients.26

The onset of complications of cirrhosis, such as occurrence or 

worsening of ascites, hepatic encephalopathy or GI bleeding or 

worsening of renal function can be the first manifestation of an 

ongoing infection. Therefore, an adequate work up for infections 

(e.g., diagnostic paracentesis, chest X-ray, urinalysis, blood, asci-

tes and urine cultures) should be made in all patients hospitalized 

for decompensated liver disease (Fig. 2).27 In addition, patients 

that are at a high risk of infections (and especially of MDR infec-

tion) should be monitored closely.

Bacterial infections can often cause organ dysfunctions, which 

are the hallmark of sepsis and are associated with a high risk of 

death.18 The onset of organ failures is associated with a further 

decrease in survival rate.18,28,29 The onset of organ failures in pa-

tients with cirrhosis characterize a syndrome named acute-on-

chronic liver failure (ACLF),30 for which bacterial infections are the 

most common trigger and associated with a lower survival.31 

Therefore, organ dysfunction/failures should be promptly evaluat-

ed in cirrhotic patients with infection. Assessment of liver, kidney, 

brain, coagulation, circulation and lung functions is fundamental 

in these patients and can be performed via the chronic liver failure 

consortium organ failure score scale and the consequent ACLF 

grade assessment.30

Among organs, the deterioration of renal function is frequent in 

cirrhotic patients with infection.32 Renal function should be closely 

monitored for an early diagnosis and treatment of AKI and for tai-

loring the doses of antibiotics to renal function.33

In order to prevent development of AKI, all potentially nephro-

toxic drugs, such as non-steroidal anti-inflammatory drugs, vaso-

dilators and aminoglycosides should be avoided in these pa-

tients.27 Beta-blockers should be used with caution and temporarily 

tapered/withdrawn in patients with hypotension (systolic blood 

pressure <90 mmHg and/or AKI).27

Figure 1. Prevalence of multidrug-resistant (MDR) bacteria in patients with cirrhosis across the world. Different colors represent different rates of prev-
alence of MDR. 

MDR rate
<20%
20–30%
>30–40%
>40–60%
>50%
No data
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Antibiotic treatment

Empirical antibiotic treatment should be started as soon as pos-

sible in patients with cirrhosis and bacterial infections.1,27 In fact, 

a delayed antibiotic treatment is associated with an increased risk 

of mortality, in particular in patients with septic shock.34 Empirical 

antibiotic treatment should virtually target all the bacteria poten-

tially responsible for the infection, because an adequate empirical 

antibiotic treatment is associated with a reduction in mortality 

rate.13,15

Considering the aforementioned differences in the prevalence of 

MDR bacteria throughout the world, protocols of antibiotic treat-

ment should be tailored to the local epidemiology. However, gen-

eral suggestions/recommendations can be useful for developing 

such protocols.1,27

The empirical antibiotic of choice should be determined accord-

ing to the following features: 1) the type and site of infection;  

2) likelihood of MDR bacteria; 3) the severity of infection; 4) local 

epidemiology (Table 1).1,26 As previously mentioned, the drug of 

choice should be selected balancing the need of an agent effec-

tive on all potential bacteria responsible for the infection, but also 

the potential side effects and the risk of selecting MDR bacteria.12,26

As far as CA infections are concerned, third-generation cepha-

losporins are the drug of choice for treating empirically SBP, spon-

taneous bacterial empyema and spontaneous bloodstream infec-

tions. UTI can be treated with quinolones or cotrimoxazole; 

however, in complicated UTI third-generation cephalosporins or 

amoxicillin/clavulanic acid should be preferred. Pneumonia should 

be treated with the combination of third-generation cephalospo-

rins or amoxicillin/clavulanic acid plus macrolides or respiratory 

quinolones (e.g., levofloxacin). In SSTIs third-generation cephalo-

sporins or amoxicillin/clavulanic acid or oxacillin should be used.

In patients with nosocomial infections, a broader spectrum an-

tibiotic treatment is needed because third generation cephalospo-

rins, quinolones and amoxicillin/clavulanic acid are poorly effec-

tive in these patients.15,16,35 The antibiotic regimen for nosocomial 

UTI should be based on piperacillin/tazobactam or carbapenems. 

When considering nosocomial SBP, spontaneous bacterial empy-

ema and spontaneous bloodstream infections, the use of piper-

acillin/tazobactam or carbapenems, with or without lypopeptides/

glycopeptides should be considered.35,36 The empirical use of car-

bapenems should be used only in centers with a high rate of MDR 

bacteria or in patients with organ failures,37 because it carries on 

the risk of further emergence of XDR bacteria. Nosocomial pneu-

monia should be treated with piperacillin/tazobactam or car-

bapenems plus a respiratory quinolone active against Pseudomo-
nas . Nosocomial SSTIs should be treated with carbapenems or 

ceftazidime plus oxacillin. In any of these infections, glycopep-

tides, lypopeptides, linezolid and other possible options should be 

added according to the local prevalence of gram positive MDR 

bacteria. Health care-associated infections and infections occur-

ring in patients with other risk factors (e.g., recent antibiotic 

course) constitutes a heterogeneous population. In centers with a 

high rate of MDR bacteria in these infections, a broad spectrum 

treatment (as for nosocomial infections) is associated with an im-

provement in survival.38

In patients at high risk of mortality such as those with sepsis, 

ACLF or septic shock patients should be aggressively treated with 

Figure 2. Approach for the early diagnosis of infections in patients with cirrhosis. *Repeat work-up for infections in case of worsening of liver/renal 
function and/or development of further complications/organ failures. †Control renal and liver function at least every 48 hours.
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Treat organ
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antibiotic schemes provided for nosocomial infections (Fig. 3).37 

Indeed, in these patients, antibiotic treatment should not fail, be-

cause failure is associated with a surge in the risk of death. Beta-

lactam use should be improved in these patients according to 

pharmacodynamic/pharmacokinetic considerations. In fact, con-

sidering that beta-lactams are time dependent antibiotics (i.e., the 

efficacy depends on the time the concentration is above the mini-

mal inhibitory concentration [MIC]) and have short half-life, an 

extended/continuous infusion strategy can enhance the time 

above the MIC. Recently, this strategy was associated with im-

proved survival in patients with cirrhosis and bloodstream infec-

tions.39

In patients in whom a broad-spectrum antimicrobial treatment 

is initiated, the antibiotic treatment should be narrowed according 

to the results of microbiological cultures and antimicrobial suscep-

tibility test.27 In patients with negative cultures the sequential use 

of biomarkers such as C-reactive protein or procalcitonin may be 

useful in assessing clinical response since these biomarkers de-

creases in patients under adequate treatment.40 That said, future 

studies should demonstrate whether a biomarker-driven antibiotic 

treatment is feasible in patients with cirrhosis. For patients with 

infections due to XDR bacteria, novel drugs active in carbapenem 

resistant enterobacteriaceae (ceftazidime/avibactam, meropenem/

varbobactam, cefiderocol), Pseudomonas aeruginosa  (ceftolo-

zane/tazobactam, ceftazidime/avibactam, cefiderocol) and Aci-
netobacter baumannii  (cefiderocol) are currently available. Their 

empirical use should be reserved to patients colonized by XDR 

bacteria.

A correct duration of the antibiotic treatment has not been es-

tablished, except for SBP, for which a 5-day course has been ad-

vised.41 For most of the other infections a 7-day course is suffi-

cient.

Non-antibiotic treatment

The treatment of infections in cirrhosis also includes strategies 

to prevent AKI and organ failures. In patients with SBP, the use of 

human albumin at the dose of 1.5 g/kg on day 1 and 1 g/kg on 

day 3 reduces the incidence of AKI and improves survival.42 Clini-

cal and experimental data suggest that the effects of albumin 

were not only related to its oncotic properties, but also to its anti-

oxidant, scavenging and immunomodulatory activity.43 In non-SBP 

infections, three randomized trial were performed with controver-

sial results. Guevara et al.44 found a reduced incidence of AKI and 

improved survival in patients treated with albumin, while 

Thévenot et al.45 did not find significant differences in survival in 

patients treated or not with albumin. More recently, Fernández et 

al.46 showed no difference in mortality rate in albumin and control 

Table 1. Recommended empirical antibiotic treatment for bacterial infections in cirrhosis

Type of infection Community-acquired infections Nosocomial infections*

SBP, SBE and spontaneous 
bacteremia

Cefotaxime or ceftriaxone or amoxicillin/clavulanic 
acid

Piperacillin/tazobactam§ or meropenem†±glycopeptide‡ 
or daptomycin or linezolid

UTI Uncomplicated: ciprofloxacin or cotrimoxazole
If sepsis: cefotaxime or ceftriaxone or amoxicillin/

clavulanic acid

Uncomplicated: nitrofurantoin or Fosfomycin
If sepsis: piperacillin/tazobactam§ or 

meropenem±glycopeptide∥

Pneumonia Amoxicillin/clavulanic acid or ceftriaxone+macrolide 
or levofloxacin or moxifloxacin

Piperacillin/tazobactam§ or meropenem/ceftazidime+cip
rofloxacin±glycopeptide∥ or linezolid should be added 
in patients with risk factors for MRSA†

Cellulitis Amoxicillin/clavulanic acid or ceftriaxone+oxacillin Meropenem/ceftazidime+oxacillin or glycopeptides or 
daptomycin or linezolid∥

Modified from Piano et al.26 with permission.
SBP, spontaneous bacterial peritonitis; SBE, spontaneous bacterial empyema; UTI, urinary tract infection; MRSA, methicillin-resistant Staphylococcus aureus .
*Recommended empirical treatment also for health-care associate (HCA) urinary infections and pneumonia. Empirical antibiotic treatment of HCA 
spontaneous infections and cellulitis will be decided on the basis of the severity of infection (patients with severe sepsis should receive the schedule proposed 
for nosocomial infections) and on the local prevalence of multiresistant bacteria in HCA infections.
†Ventilator-associated pneumonia, previous antibiotic therapy, nasal MRSA carriage.
‡Among glycopeptides only IV vancomycin in areas with a high prevalence MRSA and vancomycin-susceptible enterococci . Vancomycin must be replaced by 
daptomycin or linezolid in areas with a high prevalence of vancomycin-resistant enterococci .
§In areas with a low prevalence of multidrug-resistant bacteria.
∥IV vancomycin or teicoplanin in areas with a high prevalence MRSA and vancomycin-susceptible enterococci . Vancomycin must be replaced by linezolid in 
areas with a high prevalence of vancomycin-resistant enterococci .
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group. Interestingly, circulatory and renal function improved only 

in the study group and a higher proportion of resolution of ACLF 

was found in albumin group than in control group. In spite of a 

strong pathophysiologic and clinical background, the available ev-

idences suggest that the use of albumin cannot be routinely rec-

ommended for the treatment of non-SBP infections.

Increasing data have shown that patients with an acute decom-

pensation of cirrhosis have frequently a relative adrenal insuffi-

ciency (RAI; inadequate glucocorticoid activity relative to illness), 

which is associated with the risk of developing AKI, sepsis, septic 

shock and ACLF.47-49 In patients with cirrhosis and septic shock, 

RAI was observed in 68–76% of patients.50,51 The administration 

of low-dose steroids (50 mg/6 hours IV) in this setting is associat-

ed with a higher rate of shock reversal. Controversial results exist 

on their impact on survival.50,51 Therefore, corticosteroids supple-

mentation could be considered in patients with refractory septic 

shock, as occurs in the general population.

PREVENTION OF BACTERIAL INFECTIONS

Preventing bacterial infections is crucial in the management of 

patients with cirrhosis.

Antibiotic prophylaxis

Antibiotic prophylaxis is indicated in the following conditions:  

1) patients with a previous episode of SBP; 2) patients with vari-

ceal bleeding; and 3) patients at high risk of SBP, i.e., patients 

with ascites protein level <15 g/L and at least one among the fol-

lowing: Child Pugh score ≥9 with serum bilirubin ≥3 mg/dL, se-

rum creatinine ≥1.2 mg/dL, blood urea nitrogen ≥25 mg/dL or se-

rum sodium ≤130 mEq/L.27 In patients at high risk for SBP, 

prophylaxis with norfloxacin 400 mg per day has been associated 

with a significant reduction in the incidence of SBP and hepatore-

nal syndrome.52,53 Patients with variceal bleeding have a high risk 

of infections and in these patients antibiotic prophylaxis improve 

survival.27 A prophylactic treatment with Ceftriaxone 1 g per day 

for 7 days is significantly more effective than norfloxacin in pre-

venting infections.54 After the first episodes of SBP the risk of re-

currence is almost 70% at 12 months. Prophylaxis with norfloxa-

cin 400 mg q.d. reduces the recurrence of SBP.55 Norfloxacin is 

not available in many countries and the use ciprofloxacin (500 

mg/day) or trimethoprim-sulfamethoxazole (160/800 mg daily) are 

good alternatives.27,56 Rifaximin has been proposed as an alterna-

tive to norfloxacin in the prophylaxis of SBP in cirrhosis and it has 

been shown to reduce the risk of developing SBP in patients with 

hepatic encephalopathy.57 However, its real efficacy in prophylaxis 

Figure 3. Algorithm for the management of patients with cirrhosis and bacterial infections. MDR, multi drug resistant; CA, community acquired. 
*Treatment as suggested for nosocomial infections (see Table 1). †See Table 1. ‡Treatment should be prolonged for methicillin resistant Staphylococcus 
aureus bloodstream infections and other specific infections (e.g., endocarditis). Source control is mandatory (e.g., for abscesses). §Treatment of sponta-
neous bacterial peritonitis includes albumin expansion 1.5 g/kg on day 1 and 1 gr/kg on day 3.
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is still to be determined. 

Non-antibiotic prophylaxis

Since the use of antibiotic prophylaxis inevitably causes antibi-

otic resistance, non-antibiotic strategy would be highly desirable. 

The use of non-selective beta-blockers seems to reduce bacterial 

translocation and the occurrence of SBP in patients with cirrho-

sis.58,59 Albumin has been shown to restore immune dysfunction 

in patients with cirrhosis.60 Recently, albumin administration (40 g 

twice a week for 2 weeks followed by 40 g/week) showed to pre-

vent the incidence of SBP and other infections in patients with 

uncomplicated ascites and refractory ascites and was associated 

with an improvement in survival.61,62 However, a randomized pla-

cebo-controlled study in patients with cirrhosis on liver transplant 

waiting list did not show a benefit with the use of albumin63 and 

future studies should confirm whether albumin treatment can pre-

vent infections in cirrhosis. 

CONCLUSIONS AND FUTURE AREAS OF RE-
SEARCH 

Bacterial infections represent a frequent complication with a 

very negative impact on survival in patients with cirrhosis. Early 

detection and effective treatment are fundamental to improve 

prognosis of these patients, as well as the prevention of AKI and 

ACLF. The current and increasing spread of MDR bacteria is espe-

cially alarming in patients with cirrhosis and represents the new 

challenge to be faced in the management of these patients.

Several unmet needs should be addressed in next future. As for 

the diagnosis, biomarkers for the early diagnosis of infections 

should be implemented as well as new fast strategies to identify 

infections caused by MDR bacteria. Microbial surveillance with 

nasal and rectal swab should be implemented to identify carriers 

of MDR bacteria and to reduce their spread with contact precau-

tions. Carbapenem sparing strategies should be explored in the 

treatment of bacterial infections due to MDR bacteria. Non-anti-

biotic management for the prevention and treatment of organ 

failures should be developed. The bacterial infections risk should 

be better refined in inpatients and outpatients in order to identify 

those patients that can get the highest benefit by antimicrobial 

prophylaxis. Finally, non-antibiotic prophylactic strategies counter-

acting immune dysfunction and bacterial translocation should be 

investigated.
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