WHY BACTERIAL INFECTIONS ARE
IMPORTANT IN CIRRHOSIS?

Cirrhosis is classified into two main prognostic stages:
compensated and decompensated, with decompensation
defined by the presence of overt complications, specifically
ascites, variceal hemorrhage (VH), and encephalopathy
(Fig. 1). The compensated stage is the asymptomatic stage
with a median survival longer than 12 years. Compensated
patients usually transition to the decompensated stage be-
fore dying. However, a percentage of them (albeit low) dies
before experiencing a decompensating event either from
a nonhepatic cause or because of the development of a
superimposed acute injury that is often a bacterial infec-
tion.! Patients in the decompensated stage have a much
higher mortality outcome (median survival is 2 years), and
the main driver of death is an inflammatory state leading
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to worsening vasodilatation/heart function that results in
a stage of “further” decompensation characterized by the
development of complications (refractory ascites, hypona-
tremia, recurrent VH, recurrent hepatic encephalopathy
[HE]) and/or to worsening liver function (jaundice, enceph-
alopathy, and/or coagulopathy)? (Fig. 1). This inflammatory
state is most probably the result of the passage of bacteria
or bacterial products from the gut lumen to extraintestinal
sites, a phenomenon called bacterial translocation (BT).

The development of an overt infection in cirrhosis (at the
compensated, decompensated, or further decompensated
stages) is associated with an acute inflammatory state that
leads to the so-called acute-on-chronic liver failure (ACLF)
defined by the presence of liver failure and/or extrahepatic
organ failures (kidney, lung, circulation) that, depending on
the number of “organs” affected, will lead to a progressively

Abbreviations: ACLF, acute-on-chronic liver failure; BT, bacterial translocation; CSPH, clinically significant portal hypertension;

Gl, gastrointestinal; HE, hepatic encephalopathy; HRS, hepatorenal syndrome; MDRO, multidrug-resistant organism; PH, portal

hypertension; RCT, randomized controlled trial; SBP, spontaneous bacterial peritonitis; SID, selective intestinal decontamination;

TMP/SMZ, trimethoprim/sulfamethoxazole; VH, variceal hemorrhage.
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FIG1 Bacteria (A) and bacterial infections (B) are the main driver of “further” decompensation of cirrhosis and multiorgan failure at every
stage of cirrhosis. Both figures 1 and 2 were adapted and reprinted with permission from figures 1 and 2 from Yan and Garcia-Tsao."”

higher short-term mortality."® Bacterial infections not only
lead to worsening of circulatory dysfunction in cirrhosis,
but may also lead to liver injury either through hypovole-
mia (with consequent ischemic hepatitis) and/or sepsis (with
consequent ischemia and hepatocyte apoptosis) (Fig. 1).
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The persistent translocation of bacterial products and/
or bacterial infections that initially lead to a proinflamma-
tory state eventually leads to an exhaustion of the immune
response (immune “paralysis”), leading to an immunode-
ficient state that favors the development of overt bacterial
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FIG2 BT is the main pathogenic mechanism leading to systemic inflammation and the cardiocirculatory and liver alterations that lead to
multiorgan failure in cirrhosis. The hyperactivation of the immune system leads to immune “paralysis” that, in turn, decreases bacterial
clearance and promotes infections. The main mechanisms responsible for BT in cirrhosis are intestinal dysbiosis, altered intestinal barrier,
and decreased phagocytosis of intestinal macrophages. Reversing the microbiota alterations through the use of oral antibiotics (SID),
mainly norfloxacin, should decrease BT and its downstream deleterious effects in cirrhosis.

infections.? In fact, a recent study showed a high predispo-
sition of patients with ACLF to acquire bacterial infections
during hospitalization. Patients with ACLF and bacterial
infections (either at diagnosis or during follow-up) showed
a lower 90-day probability of survival (49%) than patients
with ACL F without infection (72%).”

Therefore, if infections (or BT) could be prevented,
the downstream complications (further decompensation,
repeat infections, ACLF, death) of cirrhosis could also be
prevented.

DO PROPHYLACTIC ANTIBIOTICS PREVENT
INFECTIONS AND THE DOWNSTREAM
DELETERIOUS EFFECTS ASCRIBED TO
INFLAMMATION?

BT is not only the main pathogenic mechanism underly-
ing the development of systemic inflammation in cirrho-
sis, but it is also the main pathogenic mechanism in the
development of overt bacterial infections in cirrhosis. The
rate of BT (defined by positive bacteriological cultures from
mesenteric lymph nodes) has been shown to be signifi-
cantly increased in rats with cirrhosis and ascites and in
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patients with decompensated cirrhosis. Mechanisms of
increased BT consist of a combination of impaired gut mi-
crobiota (dysbiosis), increased intestinal permeability, and
decreased intestinal phagocytic activity (Fig. 2). Intestinal
dysbiosis in cirrhosis is characterized by a larger proportion
of Bacteroidetes (that includes Enterobacteriaceae) with a
lower proportion of Firmicutes (autochthonous potentially
beneficial bacteria), a reversal of the distribution in healthy
individuals.

Selective intestinal decontamination (SID) consists of
the administration of oral antibiotics to inhibit intestinal
gram-negative flora while preserving the remaining flora,
especially anaerobic bacteria that are key in preventing in-
testinal overgrowth and extraintestinal spread of patho-
genic bacteria.

In cirrhosis, SID with oral nonabsorbable antibiotics
(such as polymyxin, neomycin, gentamycin, colistin) was
first used effectively in preventing bacterial infections in
patients with cirrhosis and gastrointestinal (Gl) hemor-
rhage. These are no longer recommended because in pa-
tients with neutropenia they have been associated with
poor tolerance and poor patient compliance. Although
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trimethoprim-sulfamethoxazole (TMP/SMZ), another form
of SID, has shown to prevent infections in cirrhosis, trials
are limited and have included a heterogeneous population
of patients with cirrhosis, and in patients with neutrope-
nia, it has been associated with further myelosuppression.

Orally administered quinolones are the form of SID for
which there is the most evidence in cirrhosis.® Quinolones
have a broad antimicrobial spectrum (increased activity
against gram-negative bacteria, including Pseudomonas
aeruginosa), preservation of the gut anaerobic flora, high
concentration in stool, systemic bactericidal activity, good
tolerability, and lack of myelosuppression. In patients with
neutropenia with cancer, this strategy has been associated
with an improvement in mortality.”

In cirrhosis, randomized controlled trials (RCTs) of SID
have been shown to reduce infections in patients with Gl
hemorrhage and to prevent spontaneous bacterial peri-
tonitis (SBP) in high-risk patients (prior history of SBP or
in those with advanced cirrhosis with low ascites pro-
tein).® Importantly, a survival benefit has been observed
in those with Gl hemorrhage, and a decrease in hepato-
renal syndrome (HRS) has been observed in those with
advanced cirrhosis and low ascites protein.® In these
studies, prevention of infection was the primary out-
come, and mortality (or HRS) was a secondary endpoint.
Only one recent RCT investigates the effect of oral nor-
floxacin (versus placebo) on 6-month survival in patients
with decompensated (Child C) cirrhosis.® Although there
were no differences in overall mortality, survival was
greater with norfloxacin in those with an ascites protein
level less than 1 g/dL.

Norfloxacin is the quinolone that has been mostly used
because of its low solubility, low permeability, and there-
fore low bioavailability,” characteristics that theoretically
allow it to selectively decontaminate the bowel. However,
it was withdrawn from the US market as of April 2014
(not because of safety concerns). Ciprofloxacin, which is
widely bioavailable, has been used instead, but its effect
on preventing SBP was investigated in only one RCT that
failed to show a significant difference in the development
of SBP or other bacterial infections when compared with
placebo, but was associated with an improvement in
survival.'®

Therefore, SID prevents infections in patients with cir-
rhosis and, in selected patients, may prevent the down-
stream effects of BT/infection, including death.
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CAN PROPHYLACTIC ANTIBIOTICS
PROMOTE INFECTIONS?

A widespread and growing problem in patients with cir-
rhosis is the development of infections due to multidrug-
resistant organisms (MDRO), manifested clinically as a lack
of response to first-line recommended empiric antibiotics.
[t has been uniformly shown that infections with MDRO
are associated with a high mortality."’

Two epidemiological single-center studies showed that
the prevalence of infections caused by MDRO doubled
from less than 10% between 1998 and 2000 to 23%
between 2010 and 2011. In the first study, long-term
(>1 month) norfloxacin prophylaxis was associated with
a higher rate of SBP because of quinolone-resistant and/
or TMP/SMZ-resistant organisms.'? In the second study,
long-term norfloxacin prophylaxis together with nosoco-
mial acquisition of infection, recent infection by MDRO,
and recent use of B-lactams were independent predictors
of MDRO infections.'? The association between SID and a
higher rate of MDRO infections in cirrhosis has also been
demonstrated in a single-center US study'® and in a mul-
ticenter prospective study.' In the more recent prospec-
tive “global” study, the prevalence rate of infections due
to MDRO in hospitalized patients with cirrhosis was 34%,
with independent risk factors being an infection in India,
use of therapeutic antibiotics in the previous 3 months,
and nosocomial or health care-associated infections.
Contrary to previous publications, norfloxacin prophy-
laxis was not associated with a higher rate of MDRO
infections.'®

SID in cirrhosis can be associated with asymptomatic
intestinal colonization with MDRO, which could not only
constitute a source of infection in the individual patient
but could also contribute to nosocomial spread of MDRO
infections. Therefore, until prospective multicenter studies
examine the effect of SID on MDR rates at the individual
and population levels, SID should be used only in patients
with cirrhosis at the highest risk for development of an
infection, and perhaps only in those in whom SID has been
associated with a survival benefit. The search for nonanti-
biotic strategies that target BT should continue to be ac-
tively sought.
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