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Bacterial infections in cirrhosis: a narrative review

and key points for clinical practice
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ABSTRACT

Bacterial infections are frequent complications of liver cirrhosis, accounting for severe clinical courses, and increased mortality.
The reduction of the negative clinical impact of infections may be achieved by a combination of prophylactic measures to reduce
the occurrence, early identification, and management. Spontaneous bacterial peritonitis (SBP), urinary tract infections, pneumonia,
cellulitis, and spontaneous bacteremia are frequent in cirrhosis. The choice of initial empirical antimicrobial therapy should be
based on both site, severity, and origin of infection (community-acquired, nosocomial, or healthcare-associated) and on antibiotic
resistance patterns. 3™ generation cephalosporins are generally indicated as empirical therapy in most community-acquired cases.
However, for nosocomial and healthcare-associated infections, due to a high rate of multidrug-resistant (MDR) pathogens, a broader
spectrum treatment is appropriate. In order to prevent antibiotic resistance emergence, microbiological cultures should be collected,
and a de-escalation applied when antimicrobial susceptibility tests are available. Standard measures to prevent infections and the
identification of carriers of MDR bacteria are essential strategies to prevent infections in cirrhosis. Antibiotic prophylaxis should
be applied only to gastrointestinal bleeding, SBP recurrence prevention, and cirrhotics at high risk of a first episode of SBP.

Introduction

Bacterial infections are very common in patients
with cirrhosis and currently represent the main reason
for hospital admission. Moreover, despite recent im-
provement in the management of cirrhosis, mortality
due to infections in cirrhosis remains significant.! Both
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preventive measures, early recognition, and proper
management are necessary to minimize morbidity and
mortality of infections in cirrhosis. This paper aims to
review the epidemiology, predisposing factors, and
management of bacterial infections in cirrhosis.

Epidemiology

Bacterial infections prevalence is about 20-40% in
hospitalized cirrhotic patients, 4-5 fold higher than
hospitalized patients for other diseases.? In addition,
patients with cirrhosis seem to have a 2.6-fold higher
risk of sepsis than those without it.” The risk of bacte-
rial infection is higher in patients with Child-Pugh C
than both Child-Pugh A/B or with model end-stage
liver disease (MELD) <15. Other risk factors are the
history of previous infections and gastrointestinal
bleeding.® Alcoholic etiology and alcohol consump-
tion are risk factors for bacterial infections mainly in
cirrhotic patients without advanced liver dysfunction.’

In a recent multicenter study on 1302 hospitalized
patients with cirrhosis and infections, the most com-
mon infections were spontaneous bacterial peritonitis
(SBP), followed by respectively urinary tract infec-
tions (UTI), pneumonia, spontaneous bacteremia, skin
and soft tissue infections (SSTI).!® Similar results are
reported in previous studies.® The risk of contracting
an infection during hospitalization is about 15%, ac-
cording to a recent series in whom infections mainly
involved respiratory and urinary tract."

Enterobacteriaceae and non-enterococcal strepto-
cocci are the leading cause of spontaneous infections.'?
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However, non-classical pathogens or multidrug-resis-
tant (MDR) bacteria represent a new issue.

In fact, in a large prospective single-center study
of cirrhotic patients with infections, MDR bacteria
were isolated in respectively 4%, 14%, and 35% of
community-acquired, healthcare-associated, and noso-
comial infections. Primary resistant organisms found
where extended-spectrum B-lactamase (ESBL)-pro-
ducing Enterobacteriaceae, followed by
Pseudomonas  aeruginosa, methicillin-resistant
Staphylococcus aureus (MRSA) and Enterococcus
faecium. Incidence of septic shock and death from in-
fections caused by resistant bacteria were high.'

In a recent intercontinental study of 1302 patients
with cirrhosis, MDR organisms were isolated in 34%
of patients with a positive culture. The most com-
monly isolated MDR bacteria were ESBL Enterobac-
teriaceae, MRS A, vancomycin-resistant enterococci,
P aeruginosa, and Acinetobacter baumannii. Exten-
sively drug-resistant (XDR) bacteria were isolated in
8% of those with a positive culture. The most common
XDR bacteria were carbapenemase-producing Enter-
obacteriaceae, P. aeruginosa, and A. baumannii.'°
MDR and XDR bacterial infections are widespread in
India (73% and 33% of isolates, respectively).
Whereas the prevalence of MDR infections was lower
in North America (27% and 4% in the United States,
respectively), and there was significant variability
across Europe (MDR prevalence from 57% in Israel

to 17% in Russia). Rate of infections caused by MDR
bacteria was correlated with young age, male sex, ad-
vanced liver failure, prolonged and recurrent use of
systemic antibiotics in the previous 3 months, recent
invasive procedures, and exposure to health care. Un-
like previous studies, antibiotic prophylaxis for SBP
with quinolones did not correlate with MDR bacterial
infections. MDR bacterial infections were associated
with low efficacy of empirical antibiotic treatment, a
more frequent need to escalate antibiotic treatment, a
prolonged antibiotic treatment, and a low rate of in-
fection resolution. Moreover, patients with MDR bac-
terial infections had a higher incidence of septic shock
and mortality than non-MDR.!

Another European multicenter study compared
bacterial infections of a historical series of decompen-
sated cirrhosis in 2011 with more recent series (from
2017 to 2018) to assess potential epidemiological
changes. Overall, the prevalence of MDR bacterial in-
creased from 29% in the former to 38% in the latter.'*

Mechanism of increased susceptibility
of infections and clinical consequences

Several factors are involved in the pathogenesis of
bacterial infections in cirrhosis (Figure 1). Regarding
SBP and spontaneous bacteremia, bacterial transloca-
tion from the intestinal lumen to the mesenteric lymph
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Figure 1. Pathogenetic mechanisms involved in bacterial infections. AKI, acute kidney injury.

OPEN 8ACCESS

[Italian Journal of Medicine 2020; 14:1306]

[page 127]



node is the core event. Many factors, including the
quantity and quality of microbiota, increased intestinal
permeability, and local defects in host immunity, can
contribute to bacterial translocation. Furthermore, sev-
eral abnormalities in both innate and adaptive compo-
nents of the immune system response to the microbial
challenge are possible in cirrhosis, leading to a state
of acquired immunodeficiency.'>!

Moreover, bacterial infections promote an exces-
sive systemic inflammatory response, resulting in tis-
sue damage and organ hypoperfusion, so determining
adverse effects on both liver disease and survival.!>!¢-
18 In a systematic review of studies on cirrhosis with
infections, the overall mortality of infected patients
was significantly higher than non-infected.*

Most patients with infection can develop a multi-
ple organ failure (liver, kidney, brain, coagulation, cir-
culation, and lung), characterizing the so-called
acute-on-chronic liver failure (ACLF). A multicenter
European study on 642 patients (407 with ACLF and
235 with only acute decompensation) found that the
prevalence of infections at diagnosis was significantly
higher in patients with ACLF. Furthermore, nosoco-
mial infections, infections by MDR bacteria, the
severity of ACLF, and mortality were also signifi-
cantly higher in patients with ACLF precipitated by
bacterial infections.'® The poor prognosis of ACLF
with infections has been confirmed in other 2 stud-
ies.!*20 Moreover, patients with ACLF not triggered
by infections presented a higher incidence of bacterial
infections during follow-up than patients with acute
decompensation but without ACLF.!® Consequently,
infections are a trigger of ACLF, but ACLF favors in-
fections too because of both oxidative stress and a
condition of immune paralysis, increased bacterial
translocation, change of intestinal microbiota, and fi-
nally invasive therapeutic procedures.

Diagnosis of infections in cirrhosis

Signs and symptoms of infections may be very
subtle in patients with cirrhosis. Early diagnosis and
prompt initiation of adequate antibiotic therapy are es-
sential in the management of patients with cirrhosis
and bacterial infections, as delay and inappropriate
therapy are associated with increased mortality.?! Here
we discuss some suggestions that may be useful in
clinical practice.

An infection should be suspected in the presence
of the classic general and local symptoms or one of
the following: i) new onset of portosystemic en-
cephalopathy without obvious causes; ii) worsening
of renal function; iii) white blood cell increase; iv)
worsening of liver function tests.® If an infection is
suspected, patients should undergo a complete workup
consisting of assessment of organ function, blood and
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urine culture, chest X-ray, paracentesis with fluid neu-
trophil count and culture if ascites is present, sputum
culture if positive chest X-ray, abdominal ultrasonog-
raphy, stool culture and clostridium toxin assay in case
of gastrointestinal symptoms. Patients assuming
steroids or immunosuppressive drugs are at risk of
fungal infection and chest high-resolution computed
tomography (CT), galactomannan, and 3-glucan anti-
gen in sputum or bronchoalveolar should be assayed.
Wound culture and cerebrospinal fluid culture are in-
dicated if specific clinical signs are present.

Systemic inflammatory response syndrome (SIRS)
criteria are neither specific nor sensitive for the diagno-
sis of infections because patients with cirrhosis may
have leukopenia due to hypersplenism, tachypnea due
hepatic encephalopathy or ascites, and bradycardia due
to use of B-blockers.!? Sepsi-3 criteria and quick-se-
quential organ failure assessment score are more accu-
rate than SIRS criteria in predicting short-term mortality
in patients with cirrhosis and bacterial infections.??

Far from being a gold standard, both procalcitonin
(PCT) and C-reactive protein (CRP), are useful serum
markers to discriminate cirrhotic patients with or with-
out bacterial infections. In a meta-analysis including
10 diagnostic studies (1144 cirrhotic patients and 435
bacterial infections episodes), the pooled sensitivity
estimates were 79% [95% confidence interval (CI):
64%-89%] for PCT and 77% (95% CI: 69%-84%) for
CRP tests, whereas the pooled specificity were 89%
(95% CI: 82%-94%) for PCT and 85% (95% CI:76%-
90%) for CRP. The authors concluded that PCT and
CRP have nearly comparable diagnostic accuracy in
diagnosing bacterial infection in cirrhotic patients.?

Other serum markers, like interleukin-6, Presepsin,
the fluorescence intensity of mature neutrophils,
showing some correlation with infections in cirrhosis,
are not currently used in clinical practice.?*?¢ Molec-
ular biology tests to detect bacterial infections are
promising, but there are few studies in the specific set-
ting of cirrhosis.?’

Management of specific infections
Spontaneous bacterial peritonitis

Spontaneous bacterial peritonitis is defined as a
bacterial infection of ascitic fluid without any evident
intra-abdominal source of infection. One-year inci-
dence is about 3.5% in outpatients with decompen-
sated cirrhosis, while prevalence is about 10% in
hospitalized patients.?®? Historically, mortality ex-
ceeded 90%, but recently reduced to approximately
25% due to early diagnosis and treatment.?*3

Patients with SBP may have fever, abdominal pain,
ileus, worsening of pre-existing ascites, encephalopa-
thy, although symptoms may be absent in up to one-
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third of cases. Diagnostic paracentesis should be per-
formed in all cirrhotic patients with ascites at the time
of admission and/or in case of gastrointestinal bleed-
ing, shock, signs of inflammation, hepatic en-
cephalopathy, worsening of liver or renal function. In
fact, diagnostic delay of SBP can increase hospital
mortality by over 3% per hour’! and in a large, recent,
retrospective study, early paracentesis within 24 h was
associated with a reduced inpatient all-cause mortality
[odds ratio (OR) 0.68, 95% CI 0.63-0.73, P<0.001],
SBP-related mortality (OR 0.84, 95% CI 0.73-0.94,
P=0.01), and 30-day readmission (OR 0.87, 95% CI
0.82-0.92, P<0.001).%

Polymorphonuclear (PMN) cells in ascitic fluid of
>250/mm is considered diagnostic of SBP.> Moreover,
ascites culture was reported to be negative in as many
as 60% of patients with clinical manifestation sugges-
tive of SBP and increased PMN counts®® (culture-neg-
ative SBP). These patients should be treated in a
similar manner as the culture-positive SBP. Some pa-
tients have bacterascites in which cultures are posi-
tive, but PMN ascitic counts <250/mm?. European
Association for the Study of the Liver (EASL) guide-
lines recommended treatment in the presence of signs
of infection. Otherwise, a second paracentesis should
be performed. In case of culture resulting positive
again, regardless of the PMN count, treatment is sug-
gested.” In a recent study, 42% with bacterascites was
left untreated, reporting culture persisting positive or
evolving to an overt SBP.>

Empirical antibiotic therapy must be initiated im-
mediately after the diagnosis of SBP. It is important
to consider separately community-acquired (CA) SBP
from nosocomial (HA) SBP (diagnosis after 48 h of
hospital admission) and healthcare-associated (any
prior 90-day health care contact) SBP. Multiple studies
have shown a high prevalence of MDR bacteria in
nosocomial SBP. In a systematic review including 9
studies, the percentage of MDR organisms isolated in

Bacterial infections in cirrhosis

HA-SBP varied from 36.8 to 50% for Gram-positive
and from 30% to 66.6% for Gram-negative bacteria.**
A randomized controlled trial (RCT) suggested that
meropenem + daptomycin is more effective than cef-
tazidime in the empirical treatment of nosocomial SBP
(86.7% responders vs 25%).%

According to these data, EASL guidelines® rec-
ommended third-generation cephalosporin as first-line
antibiotic treatment for CA-SBP in countries with low
rates of bacterial resistance. Meanwhile, piperacillin/
tazobactam or carbapenem should be considered in
countries with high rates of bacterial resistance.
Healthcare-associated or HA-SBP should be treated
with piperacillin/tazobactam in areas with low preva-
lence di ESBL producing Enterobacteriaceae, while
carbapenem should be used in areas with a high preva-
lence of ESBL producing Enterobacteriaceae. Car-
bapenem should be combined with glycopeptide or
daptomycin or linezolid in areas with a high preva-
lence of Gram-positive MDR bacteria (Table 1'2%).

De-escalation, according to bacterial susceptibility
based on positive cultures, is recommended to minimize
resistance selection pressure. The efficacy of antibiotic
therapy should be checked with a second paracentesis
after 48 h from treatment start. The response to antimi-
crobials is defined as a >25% reduction of PMN count.
Treatment should last at least 5-7 days.

Secondary bacterial peritonitis should be suspected
in case of multiple organisms on ascitic culture, very
high ascitic PMN count and/or high ascitic protein
concentration, or in those with an inadequate response
to therapy. In patients with suspected secondary bac-
terial peritonitis, urgent CT scanning is mandatory.

Despite proper and early antibiotic treatment, SBP
is associated with a high risk of acute kidney injury.
Intravenous albumin, together with antibiotic therapy,
reduces the risk of renal impairment and mortality, al-
though this benefit was mainly observed in patients
with basal serum bilirubin >4 mg/dL or serum creati-

Table 1. Empirical antibiotic treatment for bacterial infections in cirrhosis.'>*

Type of infection Community-acquired infections

Nosocomial infections

SBP, SBE, 31 generation cephalosporins Piperacillin-tazobactam in areas with a low prevalence of MDROs;
spontaneous In countries with high rates of MDROs carbapenem in areas with a high prevalence of ESBL producing
bacteremia piperacillin-tazobactam or carbapenem should  Enterobacteriaceae. To add glycopeptides or daptomycin or linezolid in
be considered areas with a high prevalence of MDR Gram-positive
UTI Uncomplicated, outpatient: ciprofloxacin or Uncomplicated, outpatient:fosfomycin or nitrofurantoin
cotrimoxazole If sepsis: meropenem + teicoplanin or vancomycin in areas with a high
If sepsis: 3™ generation cephalosporin or prevalence of MDR Gram-positive
piperacillin-tazobactam
Pneumonia Ceftriaxone or piperacillin-tazobactam + Ceftazidime or meropenem +levofloxacin + teicoplanin or vancomycin
macrolideor levofloxacin or moxifloxacin if risk factors of MRSA
Cellulitis Piperacillin-tazobactam or 3™ generation 3 generation cephalosporins or meropenem -+ oxacillin or glycopeptides

cephalosporins + oxacillin

or daptomycin or linezolid if risk factors of MRSA

SBP, spontaneous bacterial peritonitis; SBE, spontaneous bacterial empyema; MDRO, multidrug-resistant organism; ESBL, extended-spectrum p-lactamase; UTI, urinary tract
infection; MRSA, methicillin-resistant Staphylococcus aureus. Healthcare-associated infections like nosocomial infections in case of a high prevalence of MDROs or sepsis.

OPEN 8ACCESS

[Italian Journal of Medicine 2020; 14:1306]

[page 129]



nine >1 mg/dL.* Current guidelines recommend the
administration of albumin 1.5 g/kg at diagnosis and 1
g on day 3 in patients with SBP.’

Pneumonia

Pneumonia is one of the most frequent infections
in cirrhotic patients. Few studies compared pneumonia
in cirrhotics and general population. In a study on
community-acquired pneumonia (CAP), patients with
cirrhosis presented higher pneumonia severity index,
the prevalence of bacteremia, or septic shock than in
the control group. Mortality was higher in cirrhotics
and increased with the severity of the liver disease.
Streptococcus pneumoniae and Pseudomonas aerugi-
nosa were more frequently documented in patients
with cirrhosis than in noncirrhotics, but there were no
differences regarding other pathogens.”’

Any cirrhotic patient presenting with fever and/or
respiratory symptoms should undergo a diagnostic
workup with chest ray or CT, blood cultures, sputum
Gram stain and cultures, Legionella, and Streptococ-
cus pneumonia urinary antigen tests.

EASL guidelines recommend treating CAP by a -
lactam + macrolide or monotherapy with a respiratory
fluoroquinolone. The duration of treatment should be
5-7 days. For healthcare and nosocomial pneumonia,
one must consider the local prevalence of MDR bac-
teria and factors increasing the likelihood of MRSA
or Pseudomonas aeruginosa etiology. Empirical ther-
apy includes piperacillin/tazobactam or ceftazidime or
carbapenem + fluoroquinolone. A glycopeptide should
be added in patients with risk factors for MRSA (Table
1'22%). Broad-spectrum empiric antibiotic therapy
should be changed to a narrower regimen based upon
respiratory and blood culture results. The use of
aminoglycosides is discouraged. PCT levels, in addi-
tion to clinical criteria, are useful to guide antibiotic
discontinuation. A 7-day course of therapy is often suf-
ficient.!23839

Urinary tract infections

Urinary tract infections account for approximately
one-third of bacterial infections in cirrhosis®!°. Usu-
ally, they are classified as upper UTI (pyelonephritis)
and lower UTI (cystitis, prostatitis) depending on the
site of infection. Moreover, as uncomplicated or com-
plicated according to underlying conditions - comor-
bidities and functional or anatomical abnormalities of
the urinary tract - increasing risk of treatment failure.
The definition of complicated UTI is controversial. In
the European Urology Association (EUA) guidelines,
healthcare UTIs, nosocomial UTIs, and those occur-
ring in any immunosuppressive conditions are defined
as complicated. However, liver cirrhosis was not in-
cluded as an immunosuppressive condition.*’
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Enterobacteriaceae, especially Escherichia coli,
are the most common causative pathogen of UTL*
whereas hospital-acquired UTIs are frequently due to
Enterobacter, followed by Klebsiella, E. coli, Acine-
tobacter, P. aeruginosa, MRSA, with an overall MDR
bacteria rate of 53.8%.* Notably, in a retrospective
study on 108 hospitalized cirrhotics with UTI, 38% of
the patients presented a concomitant infection in other
sites: SBP in 49%, pneumonia in 31%, bacteremia in
9%, cholangitis in 4%. However, UTI mortality was
inferior to other sites infections.*!

Empiric therapy choice should consider MDR bac-
teria local prevalence and be changed or de-escalated
according to the bacterial culture results. Outpatients
with uncomplicated CA-UTI should be treated with
ciprofloxacin or cotrimoxazole, whilst fosfomycin or
nitrofurantoin for HA-UTI. Hospitalized patients or in
case of sepsis, CA-UTI should be treated with 3™ gen-
eration cephalosporin or piperacillin-tazobactam. In
severe HA-UTI, considering the high prevalence of
MDR bacteria, an association of carbapenem with gly-
copeptide is indicated**# (Table 1!2?%). According to
a meta-analysis of RCTs in general patients, seven
days seem equivalent to longer treatment.*

Asymptomatic bacteriuria without clinical evi-
dence of infection should not prompt antibiotic treat-
ment in order to reduce the development of antibiotic
resistance. Exceptions to this rule are pregnant
women, diabetic patients and cirrhotic patients under-
going urinary tract maneuvers.*®

Skin and soft tissue infections

Skin and soft tissue infections are about 8% of all
bacterial infections in cirrhosis.!® Furthermore, a na-
tionwide population-based study in Taiwan showed
that cirrhotic patients are at increased risk of celluli-
tis,*” due to: fragile, thin and edematous skin, poor hy-
giene, malnutrition, frequent hospitalization, and
invasive procedures. Usually, the most common SSTI
in cirrhotic patients affects the lower extremities.

SSTI diagnosis is mainly clinical, and a bacterial
diagnosis from blood or skin aspirates has been re-
ported at a variable rate between 30-80%.%4"#8 As op-
posed to cellulitis in the general population, where
the dominant etiological organisms are Gram-positive
bacteria (Streptococci and S. aureus),** Gram-nega-
tive organisms (E. coli, Klebsiella, Pseudomonas) are
reported in 70-80 % in cirrhosis.*** However a recent
study indicated Gram-negative bacteria prevalence
only in decompensated but not compensated
cirrhosis.

Advanced liver disease, MELD score >15, serum
albumin <2.5 g/dL are the major liver-related risk fac-
tors for cellulitis.*-!

No RCTs for antibiotic therapy of cellulitis in a cir-
rhotic setting where published. Anyway, as observation-
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ally reported, initial empirical therapy with
cephalosporin or amoxicillin-clavulanic acid or
piperacillin-tazobactam should be suggested, but a
switch therapy for failure or microbiological guide is
necessary in 1/3 of cases.*-3! Furthermore, EASL
guidelines recommend empirical antimicrobial therapy
in community-acquired skin and soft tissue infection by
piperacillin-tazobactam or 3™ generation cephalosporin
+ oxacillin, while in the setting of healthcare or noso-
comial infection, 3™ generation cephalosporin or
meropenem + oxacillin or glycopeptide or daptomycin
or linezolid?’ (Table 1'>%). Treatment should last an av-
erage of 7 days. Depending on the clinical response,
therapy can be further expanded. In purulent forms, in-
cision and drainage are indicated.*®

Bloodstream infection

Bloodstream infections (BSI) account for 5-8% of
all infections in liver cirrhosis.!®!* In a population-
based study, BSI was reported as 10 times more com-
mon in cirrhotics than in non-cirrhotics.> In a large
retrospective study, BSI incidence in hospitalized cir-
rhosis was estimated in 11.7 per 10,000 patient-days
with a 30-day mortality rate of 29%.5 Similar mortal-
ity rates where reported in other studies.>**

BSI are heterogeneous infections. Most of BSI
episodes are healthcare-associated or HA¢ and the
source of infection was identified in 22 to 85% of the
cases.>>*7 When the infection site is identified, the
intra-abdominal source is the most common.**> Indi-
cators of poor prognosis are intra-abdominal source,
concomitant septic shock, administration of inappro-
priate antibiotics within 24 h, and liver failure.’-*°
Chronic liver failure-organ failure and MELD scores
predict 28-day mortality better than SIRS score.”’

Gram-negative bacteria are responsible for 50-70%
of BSIs, and the most frequently observed are E. coli
and K. pneumonia. Staphylococci and streptococci are
the most prevalent Gram-positive pathogens.’3-363 The
prevalence of MDR bacteria is about 30%, and BSIs by
MDR pathogens are associated with poor progno-
sis.33335¢ Candida was reported in 5-10% of BSI, and
correlated with the worst mortality rates.

The initial antimicrobial choice should take into
account local epidemiology, site of infection onset,
and an individual patient risk factor for antimicro-
bial-resistant infection (e.g., prior antibiotic expo-
sure, colonization status). In the setting of healthcare
or HA-BSI 3 generation cephalosporins and fluoro-
quinolones should be avoided. If the local prevalence
of ESBL producing strains is low, piperacillin/
tazobactam can be used. Where it is high,
meropenem is suggested. In areas with a high preva-
lence of MRSA or in patients with suspected device-
related infection, it is recommended to add
glycopeptide (Table 1'227).
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Spontaneous bacterial empyema

About 2-2.4% of patients with cirrhosis present
hydrothorax. Infection of pre-existing hepatic hy-
drothorax, known as spontaneous bacterial empyema
(SBE), occurs in 13% to 16% of patients, and it is as-
sociated with a mortality of 38%. SBE is associated
with SBP in about 50% of cases.

The diagnosis is based on pleural fluid analysis ob-
tained by diagnostic thoracentesis. The diagnosis of
SBE is established when the pleural fluid analysis
shows a positive culture and PMN >250/mm? and
likely when negative culture and PMN >500/mm?, in
the absence of pneumonia. Pleural fluid culture is pos-
itive in about 75% of cases.

Management of antimicrobial therapy is the same
as the SPB and the only indication for chest-tube
drainage is the presence of pus in the pleural space.?>”’

Proton pump inhibitors and the risk of infections
in cirrhosis

Cirrhotic patients have a significantly higher risk
of peptic ulcer bleeding.®® Most patients take proton
pump inhibitors (PPIs) chronically, sometimes with an
overuse. A state of gastric acid suppression induced
by PPIs is known to be associated with small bowel
bacterial overgrowth, alteration of gut flora, reduction
of gastrointestinal motility and impairment of neu-
trophil function.®!-3

Several studies suggested that PPIs are associ-
ated with increased risk of bacterial infections in cir-
rhotic patients. In a meta-analysis of 10 case-control
studies and 6 cohort studies, PPI use was associated
with SBP only in case-control studies, but not in the
cohort studies. PPI therapy was not associated with
mortality.®* Other most recent studies have high-
lighted the negative effect of PPIs in cirrhotic pa-
tients, although with heterogeneous results.®57¢
Numerous confounding factors can contribute to
these results: cirrhotics with PPI therapy often have
a previous gastrointestinal bleeding or advanced liver
disease, two conditions associated with increased
risk of infection and mortality, or assume antiplatelet
drug for concomitant cardiovascular disease. PPI
therapy has also been linked to increased risk of
Clostridium difficile infection and hepatic en-
cephalopathy.”””* Another unresolved question is
whether it is advisable to reduce PPI dose in cir-
rhotics because all PPIs are metabolized by liver.”®

Based on the results of the available studies, pro-
longed use of PPI should be adopted with caution and
PPI should be used only if clinically indicated.

Prophylaxis of infections in patients with cirrhosis

Because bacterial translocation from the gut is one
of the main pathogenetic mechanisms in the develop-
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ment of bacterial infection in cirrhosis, the use of an
antimicrobial agent to prevent infections represents a
suggestive strategy.

Currently, antimicrobial prophylaxis is recom-
mended under three conditions: i) after an episode of
SBP; ii) in patients with variceal bleeding; and iii) in
patients at high risk of developing SBP.

Recurrence after the first episode of SBP is very
high (69% at 1-year).” In a randomized controlled
trial, the administration of norfloxacin 400 mg per day
resulted more effective than placebo in preventing the
recurrence of SBP from 68% to 20% after 1-year.”® In
a recent retrospective cohort study, SBP recurrence
rate in the patient receiving norfloxacin remained sim-
ilar.” Therefore, secondary prophylaxis of SBP with
norfloxacin should be given indefinitely or until liver
transplant.

Patients with variceal bleeding have a high risk of
developing bacterial infections. Approximately 25-
65% of patients, in the absence of antimicrobial pro-
phylaxis, present or develop infections within the first
seven days of bleeding, which in turn increased the
risk of rebleeding and hospital mortality.® A meta-
analysis, including twelve trials, reported that antibi-
otic prophylaxis for upper gastrointestinal bleeding
reduced bacterial infections and mortality.*® Then, all
cirrhotic patients with gastrointestinal bleeding should
receive antibiotic therapy. In patients with advanced
liver disease, those already on quinolone prophylaxis,
and in a hospital setting with a high prevalence of
quinolone-resistant  infection, 3™ generation
cephalosporins are preferable than oral quinolones to
prevent infections during gastrointestinal bleeding.
The antibiotic therapy should be started as soon as
possible with a 7-day course.

In cirrhotic patients with a high risk of SBP (ascitic
fluid protein concentration <1.5 g/dL, Child-Pugh score
>9 and at least one of the following criteria: serum
bilirubin >3 mg/dL, serum creatinine level >1.2 mg/dL
or serum sodium <130 mEq/L), daily long term admin-
istration of norfloxacin 400 mg was more effective than
placebo in preventing the first episode of SBP and re-
duced mortality. Weekly ciprofloxacin (750 mg) admin-
istration is reported as an alternative option, but survival
benefit did not reach the significance threshold.®!

The most pressing concern associated with antibi-
otic prophylaxis is the development of antibiotic re-
sistance. In some observational studies, long term use
of norfloxacin was associated with a higher rate of
MDR bacterial infections.®!*8234 This effect has not
been confirmed in a recent worldwide epidemiological
study.!® Rifaximin, a non-absorbable antibiotic, also
appears effective for primary and secondary prophy-
laxis of SBPin some low-quality studies.®*-%3 More-
over, long-term use of rifaximin did not associate with
a higher prevalence of MDR bacterial infections in a
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study.® If these results will be confirmed, the use of
rifaximin for SBP prophylaxis could simplify medica-
tion regimens overall in patients with hepatic en-
cephalopathy:.

Based on available evidence, antibiotic prophy-
laxis should be restricted to subgroups of cirrhotics at
a very high risk of infection.

Another strategy to prevent infections could be the
long-term use of albumin. In an open-label random-
ized trial in cirrhotics with ascites, long-term human
albumin administration 40 g twice weekly for 2
weeks, and then 40 g weekly, in addition to standard
medical therapy, significantly reduced the incidence
of SBP and other infections, hepatorenal syndrome,
hepatic encephalopathy, and mortality.’¢ Anyway,
long-term albumin administration seems not to be fea-
sible for all patients for both economic and logistical
reasons.

Conclusions

Bacterial infections are a relevant complication of
cirrhosis. Early diagnosis and treatment are crucial to
improving prognosis.

Prescription of empiric antibiotics should be made
according to the severity of infection, the presence or
absence of risk factors for the development of MDR
bacteria, and the local epidemiology. Only EASL is-
sued formal recommendations other than SBP.

Several tools to optimize antimicrobial therapy
will need to be investigated, including the role of car-
bapenem sparing drugs (e.g., cephalosporin-f-lacta-
mase inhibitor combinations) in cirrhosis setting and
biomolecular methods to assist clinicians in rapid de-
tection of infections and guide antimicrobial therapy.
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