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KEY POINTS

� Patients with cirrhosis are at high risk of developing bacterial infections because of
cirrhosis-associated immune dysfunction, increased intestinal permeability and gut
dysbiosis.

� Bacterial infections induce systemic inflammation, oxidative stress and worsen portal hy-
pertension and circulatory dysfunction, triggering decompensation and organ failures.

� In patients at high risk for developing infections, antibiotic prophylaxis reduces the inci-
dence of infections and improve prognosis.

� Infections should be rapidly ruled out in all patients hospitalized with decompensated
cirrhosis; antibiotic treatment should not be delayed.

� Patients with spontaneous bacterial peritonitis should receive volume expansion with hu-
man albumin to decrease the incidence of renal failure and improve survival.
INTRODUCTION

Liver cirrhosis is one of the leading causes of death worldwide. According to data
from the Global Burden of Disease study 2017, cirrhosis is the 13th cause of death
worldwide and was responsible for almost 200,000 deaths on 2017.1 Most of death
occurs after decompensation of the disease. In fact, liver cirrhosis is characterized
by a compensated phase, in which the liver disease is asymptomatic or paucisymp-
tomatic and the prognosis is quite good (median survival, 12 years).2 However, the
occurrence of complications of cirrhosis (ascites, variceal bleeding, hepatic en-
cephalopathy, or jaundice) marks the transition to the decompensated phase,
which is associated to a poor prognosis (median survival, 2 years).2 Portal hyper-
tension is the main driver of decompensation and has been a relevant target for
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preventing decompensation in patients with cirrhosis.3,4 However, other factors can
facilitate the occurrence of decompensation. Among them, bacterial infections (BIs)
are increasingly recognized as the most common precipitating event of acute
decompensation of cirrhosis.5 Indeed, patients with cirrhosis have a high risk of
developing BIs, which can trigger decompensation. In turns, after decompensation,
the risk of developing BIs further increases, being associated with further episodes
of decompensation. The net results of this vicious circle is a 4-fold increase in mor-
tality rate in patients with cirrhosis and infections,6 which has led some authors to
consider BIs as a distinct stage of liver disease.6,7 Beyond cirrhosis staging defini-
tions, there is no doubt that strategies to prevent and/or early recognize and treat
infections are key to improve prognosis of patients with cirrhosis.8 Herein we review
the role of BIs as a cause and consequence of decompensation in patients with
cirrhosis.
CIRRHOSIS PREDISPOSES TO BACTERIAL INFECTIONS

Patients with cirrhosis have more than twice the risk of developing an infection than
general population.9 The most common infections in these patients are spontaneous
bacterial peritonitis (SBP), urinary tract infections, pneumonia, skin and soft tissues in-
fections, and spontaneous bacteremia.7,10–13 Several mechanisms are responsible for
predisposing patients with cirrhosis to BIs, which involves changes in adaptive and
acquired immunity, alteration of intestinal barrier with an increase in intestinal perme-
ability and changes in quantity and quality of gut microbiome.14

Cirrhosis is associated with several abnormalities in the innate and adaptive compo-
nents of the immune system’s response to bacteria, leading to a state of immunode-
ficiency.15 Circulating immune cells, such as neutrophils and lymphocytes, decrease
in frequency and exhibit an alteration in bacterial phagocytosis and killing abilities. The
defective production of complement and soluble pattern recognition receptors impairs
the capability of bacterial recognition and opsonization. Finally, the disruption of liver
architecture and portosystemic shunts compromise the immune surveillance function
of the liver.15

The increase in intestinal permeability is caused by ultrastructural changes in the in-
testinal mucosa (tight junctions disruption, widening of intracellular spaces, vascular
congestion, wall thickening, etc), oxidative stress, local inflammation, and hyperactiv-
ity of the autonomic nervous system.16 More recently, bile acids showed to exerts a
relevant role on promoting intestinal barrier integrity toward the activation of farnesoid
X receptors (FXR), which are nuclear receptors expressed in the gut and the liver.17 In
cirrhosis, the decrease in gut bile acids availability is associated with an increased in-
testinal permeability and bacterial translocation, which can be reverted with the
administration of FXR agonists.17

The gut microbiome in patients with cirrhosis is profoundly altered. The decrease in
small bowel motility and the decrease in antimicrobial peptides such as a-defensins
facilitates bacterial overgrowth. However, also the quality of bacteria is changed,
with the depletion of the beneficial phyla Lachnospiraceae and enrichment of the phyla
Proteobacteria (mainly Enterobacteriaceae) and Enterococcaceae.18,19 Enterobacteri-
aceae and Enterococcaceae are more adapted to translocate from the gut to systemic
circulation and are also the most common pathogens responsible for spontaneous in-
fections in patients with cirrhosis.10 More recently, metagenomics studies showed a
decrease in gut microbial diversity in patients with cirrhosis, which was further
reduced in decompensated cirrhosis and ACLF and associated with risk of being hos-
pitalized.20,21 Finally, experimental models of cirrhosis suggest that gut dysbiosis
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impairs the intestinal immune response and leads to disrupted barrier function, pro-
moting bacterial translocation.22

Putting all these data together, the balance of the host–pathogen interaction is
altered in patients with cirrhosis with a reduction in barrier function, altered immune
response and increase in pathogens abundance (Box 1).

BACTERIAL INFECTIONS AS A CAUSE OF DECOMPENSATION

Overall, almost 40% of patients hospitalized for an acute decompensation of cirrhosis
experience a BI during the hospitalization.11,23 About two-thirds of these infections are
present at hospital admission, and 25% to 30% are nosocomial.10,11 Several studies
found an association between BIs and decompensating events such as hepatic en-
cephalopathy,24 gastrointestinal bleeding,25,26 and ascites.23 However, there is a
paucity of studies clearly demonstrating whether BIs occurred before decompensa-
tion, thus triggering decompensation, or were a consequence of decompensation.
In a large series of patients with compensated viral cirrhosis, Nahon and colleagues27

showed that BIs occurred before decompensation in more than 80% of cases. Pa-
tients with BIs had a higher risk of developing decompensation (5-year incidence of
decompensation of 45% vs 15% in patients with or without infections, respectively;
P<.001).27 In a post hoc analysis of the PREDESCI trial,28 a trial investigating the ability
of beta-blockers in preventing decompensation in patients with clinically significant
portal hypertension, Villanueva and colleagues29 showed that the occurrence of BIs
significantly increases the risk of developing ascites and worsens survival.
When BIs occurs they frequently cause dysfunction and failure of organs other than

the liver.30 In fact BIs are recognized as the most common precipitating event of acute
kidney injury (AKI)23,31–33 and of ACLF, a syndrome characterized by acute decom-
pensation of cirrhosis, organ failures, systemic inflammation, and high short-termmor-
tality.5 Furthermore, when ACLF is triggered by BIs, short-term mortality further
increases.34 After the first decompensation of cirrhosis, BIs facilitates further
Box 1

Summary of the host–pathogen changes occurring in patients with liver cirrhosis and

predisposing to the development of infections

Host alterations
Hypersplenism decreases circulating neutrophils and lymphocytes
A decrease in complement and acute phase protein production with decreased opsonization
of bacteria by immune cells
Monocytes and neutrophils show an impaired bacterial phagocytosis and bacterial killing
ability
Portal hypertension induces ultrastructural changes in the intestinal mucosa (tight junctions
disruption, widening of intracellular spaces, vascular congestion, wall thickening), increasing
intestinal permeability
A decreased availability of bile acids in the gut impairs the FXR signaling, disrupting the
intestinal barrier function and increasing intestinal permeability
Reticuloendothelial removal capacity is reduced because of alteration of liver structure and
portosystemic shunts

Pathogen alterations
Intestinal bacterial overgrowth
Changes in microbiome composition with enrichment in pathogenic Enterobacteriaceae and
Enterococcaceae and a decrease in beneficial Lachnospiraceae
Decrease in gut microbial diversity
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decompensation, such as variceal rebleeding,35 recurrent hepatic encephalopathy,36

and hepatorenal syndrome.37 Finally, after BIs patients with cirrhosis have a high risk
of early hospital readmissions.38,39

Pathophysiology of Decompensation Induced by Bacterial Infections

For several years, the hemodynamics consequences of portal hypertension have been
considered the main drivers of decompensation of cirrhosis.4 Portal hypertension is
responsible for splanchnic arterial vasodilation, which causes a reduction of effective
circulating volume and activation of endogenous vasoconstrictor systems (renin–
angiotensin–aldosterone system, sympathetic nervous system, and nonosmotic
release of vasopressin), which are responsible for sodium and water retention and
thus the appearance of ascites and edema.40 Portal hypertension induces the appear-
ance of varices, which are responsible for bleeding. Finally, portal hypertension
causes the appearance of portosystemic shunts, which are involved in the pathogen-
esis of hepatic encephalopathy.
More recently, systemic inflammation was shown to play a relevant role in promot-

ing decompensation.41 In fact, it has been shown that the levels of inflammatory cyto-
kines increase in patients with ascites,42 hepatic encephalopathy,43 and organ
failures.44 Systemic inflammation in cirrhosis is caused by the interaction of immune
system with pathogens-associated molecular pattern (PAMPs), which are molecule
expressed by pathogens (eg, lipopolysaccharide for gram-negative bacteria) and
danger-associated molecular patterns, which are molecules released by cell death.
The recognition of PAMPs and danger-associated molecular patterns on pattern
recognition receptors (such as Toll-like receptors) induces the production of inflamma-
tory cytokines, nitric oxide (NO), the recruitment of leukocytes, and the release of reac-
tive oxygen species.41

Sterile inflammation in cirrhosis is determined by translocation of PAMPs from the
gut to the mesenteric lymph nodes and/or owing to the release of danger-
associated molecular patterns after an acute hepatic inflammatory process. However,
when overt BIs occur, the inflammatory response is quite higher.44 The inflammatory
response is crucial for providing defense against pathogens; however, it comes with
relevant undesired drawbacks (Fig. 1). In cirrhotic rats, PAMPs aggravates portal hy-
pertension by increasing the severity of intrahepatic microvascular dysfunction, exac-
erbating hepatic inflammation, increasing oxidative stress, and recruiting hepatic
stellate cells.45 Inflammation induces the production of NO in splanchnic circulation,
further worsening arterial vasodilation.41 Furthermore, experimental data suggests
that inflammatory cytokines such as tumor necrosis factor-a cause an increase in
the expression of inducible NO synthase and production of NO in the heart of cirrhotic
rats, impairing cardiac contractility.46,47 The consequent reduction in cardiac output
causes a further drop in effective circulating volume. These hemodynamic changes
favor the chain of events responsible for the development of ascites, dilutional hypo-
natremia and hepatorenal syndrome.
As for the brain, in vitro studies showed that inflammatory cytokines (tumor necrosis

factor-a, IL-1, IL-6 and IFN-g) induce astrocyte swelling to a similar extent of
ammonia. Furthermore, stimulation of astrocytes previously exposed to ammonia,
further increased astrocyte swelling.48 Finally, in vivo studies showed an increase in
brain water content and protein nitration in bile duct ligated rats after stimulation
with lipopolysaccharide.49

Severe inflammation is also responsible for the release of reactive oxygen species,
which can cause mitochondrial dysfunction, decreasing the oxidative phosphorylation
with a consequent shift of metabolism to glycolysis.50 Glycolysis is more rapid, but



Fig. 1. The pathophysiology of decompensation induced by bacterial infections. Bacterial
PAMPs are recognized by pattern recognition receptors on APCs, which promotes the pro-
duction of inflammatory cytokines, and recruitment of inflammatory cells, which further en-
hances the inflammatory response. Inflammation induces the production of NO, which
worsens splanchnic vasodilation and induces cardiac dysfunction. The result is a reduction
in effective circulating volume which promotes the activation of vasoconstrictor systems
and promotes water and sodium retention and renal hypoperfusion. Inflammation worsens
intrahepatic microvascular dysfunction and oxidative stress increasing portal hypertension.
Inflammation worsens brain edema and favors the occurrence of hepatic encephalopathy.
NO and oxidative stress induces mitochondrial dysfunction which can cause organ failures.
ADH, antidiuretic hormone; APC, antigen presenting cells; HE, hepatic encephalopathy;
pattern recognition receptors, pattern recognition receptors; RAAS, renin-angiotensin-
aldosterone system; ROS, reactive oxygen species; SNS, sympathetic nervous system.
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less efficient than oxidative phosphorylation and in case of severe inflammation, cells
can be unable to meet their metabolic needs. Mitochondrial dysfunction is well known
to occur in sepsis, but more recently, a metabolomic study in patients with decompen-
sated cirrhosis and ACLF found features suggesting inhibition of mitochondrial energy
production, which may contribute to the development of organ failures.51

BACTERIAL INFECTIONS AS A CONSEQUENCE OF DECOMPENSATION

After decompensation, patients with cirrhosis have a relevant risk for developing BIs.
Variceal bleeding is a relevant risk factor for the development of infections in patients
with cirrhosis. In fact, although about 20% of patients with variceal bleeding is already
infected at the time of bleeding, infections can complicate the clinical course in almost
50% of patients.52 When infections occur, they are associated with an increased rate
of failure to control bleeding, rebleeding, and hospital mortality.35,53 Patients with as-
cites are at risk of developing infections, in particular SBP.52 Specific risk factors in this
group are a low protein content in ascitic fluid and high levels of bilirubin.54,55 Patients
with hepatic encephalopathy are fragile and at risk of developing aspiration pneu-
monia. In patients with decompensated cirrhosis, BIs are associated with the risk of
developing AKI, hepatorenal syndrome, organ failures and ACLF.5,23,31 Remarkably,
patients with ACLF have an increased risk of developing BIs, which increases mortality
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rate.34 Among organ dysfunction or failures, relative adrenal insufficiency has been
associated with an increased risk of infections and sepsis.56,57 In summary, a vicious
circle links BIs and decompensation of cirrhosis, where decompensation can cause
infections, which can cause further decompensation, further infections, organ failures
and mortality (Fig. 2).

Pathophysiology of Bacterial Infections as a Consequence of Decompensation

After decompensation of cirrhosis, characteristics predisposing to BIs (immune
dysfunction, gut dysbiosis, increased intestinal permeability) are further enhanced.16

After variceal bleeding, the high amount of blood reaches the gut, altering intestinal
flora and promoting bacterial translocation. Furthermore, hematemesis per se is a
risk factor for aspiration pneumonia. In patients with ascites, the decrease in reticulo-
endothelial removal capacity is associated with the risk of developing infections.58

Furthermore, the decrease in complement in ascites affects the ability of immune cells
to opsonize of bacteria predisposing patients to the development of infections.59 He-
patic encephalopathy is associated with portosystemic shunts, which lower the liver’s
ability to clear intestinal bacteria and are associated with the occurrence of SBP.60

Furthermore, patients with severe hepatic encephalopathy are at risk for aspiration
pneumonia.
As for patients with ACLF, it has been demonstrated that, despite a severe inflam-

matory response, ACLF is frequently associated with immune dysfunction, which im-
pairs pathogen killing ability by macrophages and neutrophils.61,62 This condition of
immune paralysis is associated with the risk of developing infections.34

PREVENTION OF INFECTIONS AS A STRATEGY TO PREVENT DECOMPENSATION
AND/OR FURTHER DECOMPENSATION IN CIRRHOSIS

Infections have such an important role in inducing decompensation and/or further
decompensation that several strategies have been developed to prevent BIs in
cirrhosis (Table 1).

Antibiotic Prophylaxis

Antibiotic prophylaxis has been used to prevent infections in patients with decompen-
sated cirrhosis at high risk of developing BIs. In patients with gastrointestinal bleeding,
antibiotic prophylaxis decrease the incidence of BIs, rebleeding and
mortality.63 Norfloxacin (400mg 2 times per day) was shown to be effective for this pur-
pose; however, it is less effective than ceftriaxone (1 g/d) in patients with advanced
Fig. 2. Bacterial infections and decompensation: the ominous vicious circle. Bacterial infec-
tions can trigger hepatic decompensation by increasing systemic inflammation, oxidative
stress and portal pressure. After decompensation, cirrhosis-associated immune dysfunction
and dysbyosis worsens, favoring the appearance of infections, which triggers further
decompensation.



Table 1
Evidence-based strategies to prevent bacterial infections and decompensation in cirrhosis

Treatment Target Population Effects

Norfloxacin 400 mg qd Patients with previous
episodes of SBP

Decreased incidence of SBP

Norfloxacin 400 mg qd Patients with ascites, ascites protein
of <15 g/L and advanced cirrhosisa

Decreased incidence of SBP,
HRS and trends toward
better survival

Ceftriaxone 2gb

Norfloxacin 400 mg bid
Patients with variceal bleeding Decreased incidence of

infections, failure to
control bleeding,
rebleeding and mortality

Abbreviations: bid, 2 times per day; HRS, hepatorenal syndrome; qd, daily.
a Child-Turcotte-Pugh score of �9 points with a serum bilirubin of �3 mg/dL or a serum creati-

nine of �1.2 mg/dL/urea of �25 mg/dL, or serum sodium of �130 mmol/L.
b Ceftriaxone is more effective than norfloxacin in patients with advanced cirrhosis (�2 of the

following: ascites, severe malnutrition, encephalopathy, or bilirubin of >3 mg/dL).
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cirrhosis (ie, �2 of the following: ascites, severe malnutrition, encephalopathy, or
bilirubin >3 mg/dL).64 However, norfloxacin is no more available in many countries
(including theUnitedStates) and it should be avoided in countrieswith a high rate of qui-
nolone resistant bacteria.4

In patients with ascites and a high risk of developing SBP (ie, ascitic fluid protein of
<1.5 g/dL plus �1 among [i] a Child-Turcotte-Pugh score of �9 points with serum bili-
rubin �3 mg/dL; [ii] a serum creatinine of �1.2 mg/dL or a urea of �25 mg/dL; or [iii] a
serum sodium of �130 mmol/L) norfloxacin prophylaxis (400 mg/d) decrease the inci-
dence of SBP and hepatorenal syndrome, with a trend toward an improved survival.65

More recently, a post hoc analysis of a randomized placebo-controlled trial showed
improved survival in patients with cirrhosis, ascites, and Child-Turcotte-Pugh class
C.66 However, the survival benefit was observed only in patients with an ascitic fluid
protein of less than 1.5 g/dL and quinolone prophylaxis should be reserved to these
high-risk patients.
After the first episode of SBP, the recurrence of infection is almost 70% at 1 year.

Prophylaxis with norfloxacin (400 mg/d) decreases the recurrence of SBP.67

Antibiotic prophylaxis can induce the development of multidrug-resistant bacte-
ria,68 which are a relevant emerging problem worldwide10; therefore, it should be
reserved to high-risk patients.
Rifaximin, a nonabsorbable antibiotic, has been shown to prevent the recurrence of

hepatic encephalopathy69 and to decrease endotoxemia70 in patients with cirrhosis.
Whether rifaximin could replace quinolone in the prevention of SBP remain to be
proven in well-designed randomized controlled trial. Anyway, it could represent an
interesting strategy for preventing infections and decompensation.

Nonantibiotic Strategies to Prevent Infections

Antibiotics can lead to the development of multidrug-resistant bacteria and nonantibi-
otic strategies should be implemented to prevent infections in cirrhosis (Table 2).
Among nonantibiotic strategies, the first relevant point is to avoid unnecessary and
potentially hazardous drugs. Proton pump inhibitors use is frequently inappropriate
in patients with cirrhosis and has been associated with the risk of SBP and non-
SBP infections71; therefore, their use should be avoided unless clearly indicated.



Table 2
Promising strategies to prevent bacterial infections and decompensation in cirrhosis

Treatment Mechanism
Preliminary and Established
Evidence

Rifaximin Nonabsorbable antibiotic Decrease the recurrence of hepatic
encephalopathy

Decreases endotoxemia

Nonselective
beta-blockers

Inhibition of b1 and b2 adrenergic
receptors,

Decrease in portal pressure

Decreased incidence of SBP
Decreased incidence of

decompensation
Decrease intestinal permeability,

bacterial translocation and
ameliorates immune
dysfunction

Long-term use
of albumin

Scavenging of PAMPs
Counteracting reduction of
effective circulating volume

Decreased incidence of infections,
HRS, and refractory ascites

Improved survivalb

Attenuates immune dysfunction,
systemic inflammation and
circulatory dysfunction

Statins Pleiotropic effects with anti-
inflammatory and antifibrotic
effects

Decrease in the portal pressure

Improved survivala

Preclinical evidence of reduced
inflammation and liver damage
after the administration of
PAMPs

FXR agonists Activation of FXR signaling Preclinical evidence of improved
intestinal barrier integrity and
decrease in bacterial
translocation

Fecal microbiome
transplantation

Counteracts dysbiosis Decreased recurrence of
Clostridium difficile infection

Preliminary data suggesting
decreased the hospitalization
rate

Abbreviations: HRS, hepatorenal syndrome; PAMPs, pathogens associated molecular patterns.
a In patients with ascites and requiring �200 mg of antialdosteronic drugs and 25 mg of

furosemide.
b In patients with variceal bleeding.
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Among drugs to be used, it is remarkable that beta-blockers were associated with a
reduced risk of SBP in patients with cirrhosis.72 Beta-blockers were shown to
decrease intestinal permeability, bacterial translocation, and levels of inflammatory
cytokines.73 These findings, which were partially independent of hemodynamic
changes, could involve the effects of beta-adrenergic blockade on immune function.
In fact, the administration of beta-blockers in cirrhotic rats ameliorates systemic and
splenic immune dysfunction.74

Albumin administration is widely used to prevent or treat the complications of
cirrhosis such as postparacentesis circulatory dysfunction and hepatorenal syn-
drome.52 More recently, the long-term use of albumin (40 g twice a week for 2 weeks
followed by 40 g per week) has been shown to improve survival in patients with
cirrhosis and ascites requiring at least 200 mg of an antialdosteronic drug and
25 mg of furosemide.75,76 Interestingly, in addition to improving the control of ascites,
albumin also decreased the incidence of SBP and non-SBP infections, hepatorenal
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syndrome, and hepatic encephalopathy.75,76 These effects could be related to the
nononcotic properties of albumin, which attenuated the immune dysfunction in exper-
imental models of cirrhosis,77 and decreased systemic inflammation and cardiocircu-
latory dysfunction in patients with decompensated cirrhosis.78 However, the beneficial
effects of the long-term use of albumin were not confirmed in a randomized placebo-
controlled trial (with a different design, a smaller sample size, and a lower dose of
albumin).79

Other interesting strategies tobe explored in future studies involves theuseof statins,
FXR agonists, and fecal microbiota transplantation. Statins had anti-inflammatory and
antifibrotic effects, and were shown to decrease the portal pressure in patients with
cirrhosis, aswell as improving survival in thosewith variceal bleeding.80 In experimental
models of cirrhosis simvastatin decreased lipopolysaccharide-induced inflammation
and liver damage. Therefore, statins represent an interesting drug. However, owing
to the potential hepatotoxicity and muscular toxicity of simvastatin,81 further studies
are needed before its implementation in clinical practice. In experimental cirrhosis,
FXR agonists showed to promote intestinal barrier integrity and to reduce bacterial
translocation82 and may represent a promising nonantibiotic strategy to prevent
SBP. Finally, fecalmicrobial transplantation showed to be effective in preventing recur-
rence of Clostridium difficile infection and it is currently under investigation to prevent
complications of cirrhosis.83
TREATMENT OF INFECTIONS AS A STRATEGY TO PREVENT DECOMPENSATION AND/
OR FURTHER DECOMPENSATION IN CIRRHOSIS

The early identification and management of BIs is crucial to prevent and treat decom-
pensation of cirrhosis (Table 3). In fact, without an effective treatment of infections, the
occurrence of AKI, hepatorenal syndrome, and ACLF dramatically increases.10 Infec-
tions should be rapidly ruled out in all patients hospitalized for an acute decompensa-
tion of cirrhosis (chest radiographs; blood, urine, and ascites cultures; and diagnostic
paracentesis).

Antibiotic Management of Bacterial Infections

Antibiotic treatment should be started as soon as possible in patients with cirrhosis
and BIs, because the early initiation of an effective empirical antibiotic treatment is
the most important measure to improve survival these patients.10,11 Ideally, the anti-
biotic treatment should cover all bacteria potentially responsible for infections, which
depends on the site of infection, local epidemiology and contact with health care.14,52

The spread of multidrug resistant bacteria made more challenging the management of
infections in patients with cirrhosis.10,11 On clinical ground, the selection of antibiotic is
based on the following principles: (a) site of infection, (b) risk factors for multidrug
resistant bacteria (nosocomial infections, previous use of antibiotics, recent hospital-
ization), (c) the severity of the infection, and (d) the local epidemiology.8 In patients with
SBP, third-generation cephalosporins are the first choice for community acquired
SBP, although they are poorly effective in nosocomial infections and a broader spec-
trum treatment should be considered.68 In centers with a high rate of multidrug resis-
tant species, meropenem plus daptomycin was more effective than a third-generation
cephalosporins in treating nosocomial SBP.84 Similarly, in centers with a high rate of
multidrug resistant in health care–associated infections (eg, those occurring in pa-
tients hospitalized in the previous 3 months, resident in nursing home facilities, etc),
a broader spectrum antibiotic treatment is associated with higher efficacy and
improved survival.85 In patients with sepsis, septic shock, and ACLF clinicians should



Table 3
Strategies for the management of bacterial infections in cirrhosis

Strategy Intervention Clinical Significance

Early diagnosis of infections
in
patients with acute
decompensation
of cirrhosis

Rule out infections (chest
radiographs,
diagnostic paracentesis,
urinalysis,
cultures of blood, ascites
and urine)

Delay in diagnosis and
treatment of infections is
associated with worse
outcomes

Early initiation of empirical
antibiotic treatment

Administer antibiotic
treatment
as soon as possible in
patients with infections

Delay in administering
antibiotic treatment is
associated with worse
outcomes

Optimal selection of
antibiotic treatment

Antibiotic treatment
should be
selected according to the
following:

a. Type of infections
b. Severity of infection
c. Contact with health care

system
d. Recent use of antibiotics
e. Local epidemiology

Patients with nosocomial
infections/previous
contact with health care
system, or recent use of
antibiotics are at risk of
multidrug resistant
bacteria. Broader
spectrum antibiotics
should be considered in
these cases.

Local epidemiology is
heterogeneous

De-escalation of antibiotic In case of positive cultures
narrow
the antibiotic treatment
whenever possible

Broad spectrum antibiotics
can select multidrug
resistant bacteria.

De-escalation is safe

Prevention of AKI Albumin administrationa is
recommended
in patients with cirrhosis
and SBP

Albumin is associated with
reduced incidence of AKI
and improved survival

Avoid nephrotoxic drugs Aminoglycosides and
NSAIDs should be
avoided in patients with
cirrhosis and
bacterial infections

Aminoglycosides and
NSAIDs are associated
with a high risk of AKI

Abbreviation: NSAIDs, nonsteroidal anti-inflammatory drugs.
a Give 1.5 g/kg of body weight at diagnosis followed by 1 g/kg of body weight on day 3.
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consider to start early a broad spectrum antibiotic treatment, because any delay in
starting an effective therapy increases themortality rate.52 In any case, biological sam-
ples for cultures should be collected and antibiotic treatment should be de-escalated
whenever possible.

Nonantibiotic Management of Bacterial Infections

Nonantibiotic management of infections involve both the general management (treat-
ment of organ dysfunction and failures) and strategies to prevent AKI. Nephrotoxic
drugs such as aminoglycosides and nonsteroidal anti-inflammatory agents should
be avoided. In patients with SBP, the use of albumin solution (1.5 g/kg of body weight
on day 1 followed by 1 g/kg of body weight on day 3) decreased the incidence of AKI
and improve survival.86 As for other infections, results were controversial. Guevara
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and colleagues87 found an improvement in renal function in patients treated with albu-
min, which was found an independent predictive factor of survival. Thévenot and col-
leagues88 showed a delay in the incidence of renal failure in patients treated with
albumin, however, no benefit in survival was found with the use of albumin. More
recently, in the INFECIR-2 trial, in-hospital mortality was similar between those who
received albumin versus controls. However, patients receiving albumin were sicker
at baseline and, during the follow-up period, had a higher rate of ACLF resolution
and a lower rate second infections.89

SUMMARY

Patients with cirrhosis have a high risk of developing BIs, which are a relevant trigger of
decompensation, organ failure, and ACLF. After decompensation the risk of devel-
oping infections further increases in an ominous vicious circle. Antibiotic prophylaxis
is indicated in patients with variceal bleeding, previous episodes of SBP and in pa-
tients with ascites and high risk of developing SBP. Nonantibiotic strategies targeting
microbiome, intestinal permeability and immune response are needed to prevent both
infections and decompensation. BIs should be diagnosed and treated as soon as
possible in all patients with decompensated cirrhosis and antibiotic treatment should
not be delayed.

CLINICS CARE POINTS

� Bacterial infections can be sublte in cirrhosis. All in patients with cirrhosis should be
investigated for infections at admission and in case of clinical deterioration.

� Broad spectrum antibiotic treatment (high doses, short time) should not be delayed in
patients with cirrhosis and sepsis.

� Broad spectrum antibiotic treatment improve survival in patients with cirrhosis and BIs at
high risk of MDR bacteria.

� De-escalation of antibiotics (whenever possible) is a good clinical practice and may help to
reduce the spread of MDR bacteria.

� Albumin administration prevents AKI and improve survival in SBP.

� Antibiotic prophylaxis should be limited to evidence based indications.

� Non antibiotic strategies are urgently needed to prevent infections in cirrhosis and limit the
further spread of MDR bacteria.
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21. Sole C, Llopis M, Solà E, et al. Gut microbiome is profoundly altered in acute-on-
chronic liver failure as evaluated by quantitative metagenomics. Relationship with
liver cirrhosis severity. J Hepatol 2018;68:S11–2.
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