Patients with cirrhosis have an increased risk of developing
bacterial infection, sepsis, and death.'™ Infection is present
at admission or develops during hospitalization in about
25% to 35% of patients."* Spontaneous bacterial peritonitis
(SBP) and urinary infections are the most frequent infections
followed by pneumonia, cellulitis, and bacteremia. Approxi-
mately 30% of bacterial infections are community-acquired
(CA), 30% are health care-associated (HCA), and 35% to
40% are nosocomial."* Clinical risk factors include poor
liver function, variceal bleeding, low protein ascites, prior
episode of SBP, and hospitalization.'> A genetic immune
defect could contribute to an increase in the risk of bacterial
infections in cirrhosis. In patients with advanced cirrhosis,
infection induces a systemic inflammatory response charac-
terized by high circulating levels of proinflammatory cyto-
kines. This excessive proinflammatory response contributes
to the development of sepsis-related organ failures (acute-on-
chronic liver failure) and septic shock in cirrhosis."

Diagnosis of Bacterial Infections

Early diagnosis and treatment of infection is pivotal in the
management of patients with decompensated cirrhosis and is
based on clinical and analytical grounds." Complete workup
(paracentesis, urinary sediment, chest X-ray, and blood, ascitic
fluid, and urine cultures) should be performed at admission
and whenever a hospitalized patient deteriorates clinically
(Fig. 1). Common clinical and analytical markers of infection
have limitations in cirrhosis. Systemic inflammatory response
syndrome criteria and serum C-reactive protein and procalci-
tonin levels have less diagnostic capacity in the cirrhosis
patient population. Cutoff values proposed for the diagnosis
of infection in patients with advanced cirrhosis are 2 mg/dL
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for C-reactive protein (lower than that recommended in the
general population) and 0.5 ng/mL for procalcitonin.'

Diagnosis of SBP is based on ascitic fluid analysis (PMN
count >250 cells/mm?). Leukocyte reagent strips are not use-
ful as screening test considering their variable sensitivity
(45%-100%). Secondary peritonitis constitutes the main differ-
ential diagnosis of SBP and is often due to a perforated viscus
or infection in adjacent organs. Runyon’s criteria (glucose lev-
els <50 mg/dL, protein concentration >10 g/L, lactate dehy-
drogenase concentration > normal serum levels) are clues to
this diagnosis and prompt computed tomography examination
of the abdomen and early surgery in the management of
patients with secondary bacterial peritonitis.'~

Infections by Multiresistant Bacteria

Growing data from different geographical areas show an
increased prevalence of infections caused by multiresistant
bacteria in cirrhosis (pathogens resistant to the main antibi-
otics, including PB-lactams)."* The most common are
extended-spectrum  B-lactamase-producing  Enterobacteria-
ceae, nonfermentable gram-negative bacilli (e.g., Pseudomonas
aeruginosa), Staphylococcus  aureus
(MRSA), vancomycin-susceptible Enterococcus (VSE), and
vancomycin-resistant Enterococcus (VRE). Epidemiological

methicillin-resistant

patterns of multiresistance are different among geographical
areas. Multiresistant bacteria are more frequently isolated in
nosocomial infections (35%-39%) compared with HCA
(14%-20%) or community-acquired episodes (0%-4%). Type
of multiresistant bacteria also varies among infections. Risk
factors of multiresistant bacterial infection include current or
recent hospitalization, health care support (outpatient clinic),
and previous exposition to B-lactams or fluoroquinolones,
including long-term norfloxacin prophylaxis. Multiresistant

Abbreviations: HCA, health care-associated; MRSA, methicillin-resistant Staphylococcus aureus; SBP, spontaneous bacterial peritonitis; VRE, vancomycin-

resistant Enterococcus; VSE, vancomycin-susceptible Enterococcus.

From the Liver Unit, IMDIiM, Hospital Clinic, Universidad de Barcelona, IDIBAPS and CIBERehd, Barcelona, Spain

Potential conflict of interest: Nothing to report.
View this article online at wileyonlinelibrary.com
© 2013 by the American Association for the Study of Liver Diseases

doi: 10.1002/cld.169

102 Clinical Liver Disease, Vol. 2, No. 3, June 2013

An Official Learning Resource of AASLD



Bacterial Infections in Cirrhosis  Fernandez and Arroyo

i" REVIEW

I Detailed Physical Examination

|

Source of Infection? SIRS Criteria?
*  Blood leukocyte cell count and cultures *  Body temperature 2382Cor<362C
*  Other tests: * Heartrate 290 b.p.m
- Chest-X ray *  Respiratory rate 2 20/min or mechanical ventilation
- Ascitic/pleural fluid cell count and culture *  Blood leukocyte count 2 12000 or < 4000/mm? or
- Urine sediment and culture immature neutrophils > 10%
- Sputum: gram staining and culture

l

Evaluate Possible Organ Failures

*  Kidney: serum creatinine, electrolytes
*  Brain: grade of encephalopathy, mental status
*  Coagulation: INR, fibrinogen, platelet count

*  Vascular system: lactate levels, venous blood gases
*  Liver: ascites, encephalopathy, MELD and CHILD-PUGH scores

Prompt and appropriate antibiotic treatment

FIGURE 1. Suggested algorithm for the diagnosis of bacterial infections in cirrhosis. The initial workup includes a detailed physical examination and different diag-
nostic tests to clarify the source of the infection. Severity of infection should also be assessed (systemic inflammatory response syndrome criteria and organ failures).
Abbreviations: INR, international normalized ratio; MELD, model for end-stage liver disease.

Spontaneous bacterial peritonitis

Community- Health-care Nosocomial
acquired infection associated infection infection

| Severe sepsis or shock? |

Other risk factors
for MR bacteria?*

Carbapenem +

B-lactams glycopeptide**

FIGURE 2. Proposed algorithm for the empirical treatment of SBP in cirrho-
sis. Site of acquisition of infection and presence of risk factors for multiresistant
(MR) bacteria are considered. *Infection by multiresistant bacteria in the last 6
months, use of B-lactams in the last 3 months, and long-term norfloxacin pro-
phylaxis. **Linezolid or daptomycin should replace glycopeptides in areas with
a high prevalence of VRE.

bacterial infections present a lower resolution rate, higher
probability of severe sepsis, and higher mortality.”

Empirical Antibiotic Treatment

Prompt and appropriate antibiotic treatment is essential in
the management of patients with cirrhosis who have infec-
tion. Meanwhile, third-generation cephalosporins continue to
be the gold standard antibiotic treatment of many of the

TABLE 1: Suggested Empirical Antibiotic Treatment for Nosocomial
Bacterial Infections in Cirrhosis

Type of Infection Empirical Antibiotic Treatment*

SBP or other Carbapenem (to cover ESBL-producing Enterobacteria-
spontaneous ceae) + a glycopeptide (to cover MRSA and VSE)"
infections

Urinary Uncomplicated infections: nitrofurantoin
infections® (50 mg/6 hours by mouth)

Complicated infections (sepsis, severe sepsis,
or shock): carbapenem + glycopeptide®
Pneumonia® Antibiotics active against Pseudomonas aeruginosa
(i.e., meropenem or ceftazidime + ciprofloxacin)
A glucopeptide or linezolid should be added
in patients with risk factors for MRSAS
Cellulitis Antibiotics active against Pseudomonas aeruginosa
+ glycopeptide’

Abbreviation: ESBL, extended-spectrum B-lactamase.

*Empirical antibiotic therapy should be adapted to the local epidemiologi-
cal patterns of resistant bacteria.

fIn areas with a high prevalence of VRE, glycopeptides must be replaced
with intravenous linezolid or daptomycin.

“Nosocomial and HCA infections.

SVentilator-associated pneumonia, previous antibiotic therapy, nasal MRSA
carriage.

infections acquired in the community.®” The empirical treat-
ment of nosocomial and HCA infections should be adapted
to the local epidemiological pattern of antibiotic resistance.
Patients with cirrhosis and severe infections should receive
intravenous antibiotics immediately after diagnosis.'*

Community-Acquired Infections. B-Lactams (third-gener-
ation cephalosporins or amoxicillin-clavulanic acid) are still
effective in the treatment of spontaneous infections acquired
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TABLE 2: Current Indications of Antibiotic Prophylaxis in Cirrhosis

Indication

Antibiotic Regimen Duration

Gastrointestinal bleeding

Norfloxacin 400 mg/12 hours by mouth

Seven days

Intravenous ceftriaxone 1 g/day in patients with advanced cirrhosis (at
least two of the following: ascites, jaundice, hepatic encephalopathy,

malnutrition)
Low protein ascites
(<15 g/L) and advanced cirrhosis

Norfloxacin 400 mg/day PO in patients with renal dysfunction (serum
creatinine >1.2 mg/dL, blood urea nitrogen >25 mg/dL, or serum

Until liver transplantation,
disappearance of ascites, or death

sodium <130 mEg/L) and/or poor liver function (Child-Pugh score

>9 with serum bilirubin >3 mg/dL)
Norfloxacin 400 mg/day by mouth

Secondary prophylaxis for SBP

Until liver transplantation or death

in the community (Fig. 2). Quinolones are not recom-
mended in patients submitted to long-term norfloxacin pro-
phylaxis."®" Empirical treatment of community-acquired uri-
nary infections includes B-lactams, quinolones, or trimetho-
prim-sulfamethoxazole. B-Lactams are also the base of the
treatment of community-acquired pneumonia (in combina-
tion with levofloxacin, moxifloxacin, or a macrolide) and
cellulitis."

Nosocomial Infections. New guidelines for the treatment
of nosocomial SBP are needed. Empirical antibiotic strategies
should consider the local epidemiological patterns of multire-
sistance (Table 1 and Fig. 2).""* In areas with a high preva-
lence of Enterobacteriaceae-producing Enterobacteriaceae, car-
bapenems should be used in the empirical treatment of SBP
and of other spontaneous infections in combination with
antibiotics active against VSE/VRE and MRSA (glycopeptide,
linezolid, or daptomycin). Urinary infections acquired during
hospitalization should be treated with oral nitrofurantoin or
fosfomycin (in uncomplicated infections) or carbapenems
plus glycopeptides (VSE) or linezolid/daptomycin (VRE) in
patients with sepsis (Table 1). Cellulitis should be treated
with antibiotics active against MRSA and Pseudomonas aerugi-
nosa. Empirical treatment of nosocomial pneumonia should
follow the local guidelines for general population. In line
with a policy of antibiotic restriction, de-escalation to the
most appropriate antibiotic should be done early after know-
ing the results of microbiological tests.'

HCA Infections. B-Lactams are still effective in the treat-
ment of HCA SBP and cellulitis in some geographical areas.
Efficacy is lower in pneumonia and urinary infections.” Em-
pirical antibiotic strategies for these two latter infections and
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Albumin Administration

Bacterial infections can accentuate circulatory dysfunction
in patients with cirrhosis and ascites and induce renal fail-
ure.®’ SBP is the most frequent infection causing hepatorenal
syndrome but it can also be induced by biliary, gastrointesti-
nal, and complicated urinary infections." Treatment with in-
travenous albumin (1.5 g/kg at diagnosis and 1 g/kg on day
3) reduces the incidence of hepatorenal syndrome (from
33% to 10%) and improves short-term survival in patients
with SBP.® Patients with bilirubin >4 mg/dL or creatinine
>1.0 mg/dL clearly benefit from intravenous albumin. The
administration of albumin in unselected patients with cirrho-
sis who have non-SBP infections is not associated with clini-
cally relevant effects.'

Prevention of Infection in Cirrhosis

Antibiotic prophylaxis must be restricted to selected patients
at a very high risk for the development of bacterial infections.
This restriction to specific subpopulations is essential to pre-
vent the development of antibiotic resistance in cirrhosis and
to make these prophylactic strategies cost-effective. Current
indications of antibiotic prophylaxis in cirrhosis are gastroin-
testinal bleeding, low protein ascites in advanced cirrhosis,
and previous episode of SBP**" 1% (Table 2).
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