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Patients with cirrhosis have high susceptibility to bacterial

infections [1]; 24 % of patients admitted to the hospital for

an acute decompensation of cirrhosis have bacterial

infection [2]. The most common infection is spontaneous

bacterial peritonitis (SBP) [1, 2]. It is well known that SBP

is caused by Gram-negative bacteria such as Escherichia

coli or Klebsiella pneumoniae originating from the intes-

tinal lumen [3]. The translocation of intestinal bacteria is a

crucial step in the process leading to SBP [1, 4]. Little is

known about underlying mechanisms that explain bacterial

translocation [4].

During the last 30 years the mortality of SBP has

decreased from 70 to 30 % [3]. This was the result of large

use of a strategy which includes high index of suspicion

leading to diagnosis paracentesis, diagnosis of SBP based

on neutrophil count C250/mL in the ascitic fluid and

subsequent rapid initiation (before results of culture) of

wide spectrum, non-nephrotoxic antibiotics (e.g., third

generation cephalosporins) against Enterobacteriaceae

(E. coli, K. pneumonia) which are the most common causes

of SBP [3]. In the late 1990s mortality of SBP was further

decreased to 10 % with the combined use of empiric

antibiotics and the intravenous administration of human

albumin [5]. This beneficial effect was related to a signif-

icant decrease in the development of kidney failure (known

as hepatorenal syndrome, HRS) [5]. Today, SBP remains

the most common trigger of infection-induced acute-on-

chronic liver failure (ACLF) [2]. ACLF whichever its

trigger, is characterized by the failure(s) of organs

(including kidney, cerebral, liver, coagulation, circulation

and lungs) and high risk of death depending on the number

of failing organs [2].

Due to the severity of SBP, efforts have been made to

prevent this complication. In patients who survive an epi-

sode of SBP long-term prophylaxis with the fluoroquino-

lone norfloxacin significantly decreases the risk of

recurrent SBP [3]. The impact on survival is unknown. In

patients with low ascitic fluid protein levels (\1.5 g/dL)

but without a prior episode of SBP the efficacy of primary

prophylaxis using a fuoroquinolone is still unclear. One

trial has shown that norfloxacin significantly decreased the

risk for developing a first episode of SBP [6], a finding that

was not confirmed in another trial with ciprofloxacin [7].

Recently, an increasing number of cases of SBP due to

extended spectrum b-lactamase (ESBL)-producing E. coli,

K. pneumonia have been reported in Asia [8–11] and

Europe [12–16]. Some risk factors for SBP caused by

ESBL-producing bacteria Enterobacteriaceae have been

identified including the in-hospital acquisition of infection

[10–15], long-term norfloxacin prophylaxis [13], use of b-

lactams within the last 3 months [13], and infection by

multiresistant bacteria in the last 6 months [13]. ESBL-

producing strains are resistant not only to third-generation

cephalosporins, amoxicillin-clavulanic acid but also to

quinolones and trimethoprim-sulfamethoxazole [13].
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ESBL-producing strains are usually sensitive to carbapen-

ems although some cases have reported of carbapenemase-

producing Enterobacteriacea [16]. In any case, these

findings indicate that international recommendations stat-

ing that third-generation cephalosporins or amoxicillin-

clavulanic acid are the empiric antibiotics of choice for

SBP [3] and are inappropriate for SBP episodes caused by

ESBL-producing bacteria. Finally, studies have shown that

SBP episodes due to ESBL-producing bacteria are more

severe than episodes caused by strains sensitive to rec-

ommended empiric antibiotics [10–14]. The reasons for the

severity of infections due to ESBL-producing bacteria are

unknown; theoretically, poor prognosis may be related to a

greater severity of the underlying liver disease, higher

prevalence of septic shock, or delayed initiation of appro-

priate antibiotics.

In this issue of Hepatology International Kim et al. [17]

report results of a retrospective analysis conducted in 231

patients with SBP due to E. coli or K. pneumonia of which

52 were caused by ESBL-producing strains. This study

confirms that SBP caused by ESBL-producing strains are

more severe than those due to other bacteria, whereby

morality at day-7 and day-30 was 21.2 vs. 10.1 %

(p = 0.03) and 34.6 vs. 18.4 % (p = 0.01), respectively.

As expected [13], infections due to ESBL-producing bac-

teria were more frequently hospital-acquired. Interestingly,

the severity of cirrhosis and the prevalence of septic shock

were not higher in the ‘‘ESBL group’’ than in the ‘‘non-

ESBL group’’. The proportion of patients who received

appropriate antibiotics during the first 3 days was signifi-

cantly lower in the ESBL group (48.1 vs. 100 %) indicat-

ing a delay in the initiation of effective antibiotics. Finally,

Kim et al. [17] compared risk factors for 30-day mortality

between the two groups and identified two independent

predictors of death that were specific for the ‘‘ESBL

group’’, i.e., the presence of HCC and the presence of

bacteremia. The finding of HCC as a predictor of death is

not surprising as liver cancer per se is known to drive

severity. Delayed initiation of the appropriate antibiotics

may be associated with increased bacterial burden, bac-

teremia, dissemination of infection and subsequent poor

prognosis.

Although the study by Kim et al. did not investigate the

cause of patients’ death, it is well established that ACLF is

the major mechanism [2]. Nevertheless an important

question that remains to be addressed is the mechanisms of

ACLF triggered by infections due to ESBL-producing

bacteria. A first hypothesis is that ‘‘persistent’’ infection

may elicit an excessive immune response of the host

resulting in cytokine storm and subsequent tissue damage

[1]. There is some evidence that some patients with cir-

rhosis have an excessive proinflammatory response of

innate immune cells to bacterial components [18–20].

Alternatively the dissemination of infection may result in

tissue damage because bacteria express virulence factors

with deleterious cell effects (e.g., alterations in homeostasis

of endoplasmic reticulum or mitochondria; impairment of

the induction of tissue repair program) [21]. Future studies

should address these points.

The severity of infections due to ESBL-producing bac-

teria raises the question of how to initiate quickly the

appropriate antibiotics. Obviously one needs to have new

techniques for rapid diagnosis of these infections. Patients

with decompensated cirrhosis are hospitalized very often

and it could be useful to perform systematically rectal

swabs in order to identify carriers of ESB-producing bac-

teria. Finally it should be emphasized that there is no

established primary or secondary prophylaxis for these

infections.

How can we treat an episode of SBP? International

recommendations remain appropriate for patients with

community-acquired SBP who do not have risk factors of

infections caused by ESBL-producing strains; in these

patients, third-generation cephalosporins or amoxicillin-

clavulanic acid can be used as first-line wide-spectrum

empiric antibiotics [3]. Patients with hospital-acquired SBP

are at risk of infection caused by ESBL-producing bacteria.

There are no international recommendations regarding

empiric antibiotics in these patients. In our Liver Unit the

strategy depends on whether or not the patient is known to

carry ESBL-producing bacteria. When the patient is known

to carry these bacteria the first treatment option for hos-

pital-acquired SBP is the administration of piperacillin and

tazobactam. When the carriage status is unknown we treat

the episode of SBP with a carbapenem. We also attempt to

perform swabs seeking for carriage of ESBL-producing

strains in patients who are in frequent contact with the

health care system and who fulfill the following criteria: on

the waiting list, any admission for an acute decompensation

of cirrhosis, refractory ascites treated by repeated large-

volume paracentesis, use of long-term antibiotic prophy-

laxis. Since there are ten studies [22–31] and one meta-

analysis [32] showing that the use of proton-pump inhibi-

tors increases the risk of developing SBP, PPI adminis-

tration should not be recommended, at least in patients with

ascites.
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