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Abstract: Bacterial infections are a common complication in patients with decompensated liver
cirrhosis. The complex landscape of cirrhosis, characterized by immune paralysis and an exhausted
response to exogenous triggers, explains the higher prevalence of such infections, particularly in
advanced disease stages. In clinical practice, the onset of a bacterial infection can lead to further
deterioration of hepatic and extra-hepatic function, potentially resulting in acute decompensation
or acute-on-chronic liver failure. This has significant clinical implications, particularly for patients
awaiting a transplant. In this review, we will discuss the latest evidence on the diagnosis and therapy
of bacterial infections in patients with decompensated cirrhosis. Additionally, we will analyze the
impact of bacterial infections in the context of liver transplantation, discussing debated topics such
as the timing of transplantation in patients with infections, potential implications for prioritization,
effects on post-operative recovery, grafts, and patient survival.
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1. Introduction

The liver plays a crucial role in the inflammatory response against bacteria and is
centrally involved in regulating immune defense, bacterial clearance, acute-phase protein
synthesis, cytokine production, and metabolic adaptation to inflammation. The liver is
exposed to food and microbial antigens from the intestine; therefore, it acts as a barrier
against environmental antigens. As the primary metabolic organ, it also generates neo-
antigens, and activates specialized mechanisms of immune tolerance to prevent excessive
activation of both innate and adaptive immune responses [1].

The development of advanced chronic liver disease disrupts this balance, especially at
advanced disease stages. Damage and peptide-associated molecular patterns trigger im-
mune cell activation, leading to enhanced endothelial and microvascular dysfunction [2—4].
A persistent overstimulation of the innate immune system leads to a shift of immune cells
toward a tolerogenic and non-responsive phenotype. This results in a form of immune
paralysis, where the immune system becomes incapable of reacting effectively against
exogenous injuries [5].

Understanding these aspects is crucial not only for confirming the increased suscepti-
bility of cirrhotic patients to infections, but also for recognizing their diminished capacity
to trigger counter-regulatory response to sepsis [6].
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These insights help explain the detrimental prognostic role of infections in decompen-
sated cirrhosis and end-stage liver disease (ESLD) [7]. Most of these clinically significant
infections are caused by bacteria, while fungi, molds, parasites, or viruses may have a role
in specific settings (e.g., sickest patients with repeated bacterial infections, huge immune
dysfunction, prolonged anti-microbial therapy, and steroid treatment).

Although many aspects have been clarified in the last decades at the epidemiological,
pathophysiological, and diagnostic levels, bacterial infection still represents a challenge in
daily clinical practice, with many topics (prevention, early recognition, appropriate therapy,
and prognosis) deserving further investigation.

These aspects are particularly important in liver transplant candidates, since bacterial
infection can significantly change the natural course of the disease and therefore the
likelihood of transplantation.

This brief review aims to underscore the role of bacterial infection in this setting, with
a special focus on patients awaiting liver transplantation.

2. Epidemiology and Risk Factors of Bacterial Infection in Decompensated Cirrhosis

A thorough description of the epidemiology of bacterial infections in cirrhotic patients
goes beyond the scope of this paper, but several novel aspects are noteworthy.

Over the past 10 years, robust data have been retrieved from international, multi-
center cohort studies, shedding light on this topic and providing granular features. It has
been demonstrated that bacterial infections represent the trigger factor for acute decom-
pensation in a third of cirrhotic patients requiring hospitalization [8,9]. Additionally, they
represent, along with alcohol abuse, the commonest cause of acute-on-chronic liver failure
(ACLF) [10,11].

These studies further demonstrated that approximately 50% of such infections are
culture-negative, particularly in cases of spontaneous bacterial peritonitis and pneumonia.
The urinary tract, bloodstream, ascites, and lungs remain the most common sources of
infection, therefore the initial work-up must necessarily include diagnostic procedures such
as paracentesis, urinalysis, blood cultures, and Chest X-ray/CT scan.

The state of immune paralysis also makes patients susceptible to uncommon infec-
tions, often occurring at unusual sites. Soft tissue infection and erysipelas represent quite
uncommon sources of bacterial infection, being diagnosed, especially in patients with
anasarca, ascites, and chronic lower limb edema; the rapid recognition of these infections,
through differential diagnosis with other conditions such as deep vein thrombosis, appears
important to prevent fasciitis or osteomyelitis [12]. Some series have shown that liver
cirrhosis is present in 5-17% of patients with bacterial endocarditis, with no significant
improvements in incidence and mortality over the past decades [13,14]. As expected, mor-
tality in patients with endocarditis and liver cirrhosis is significantly higher compared to
patients with endocarditis but without cirrhosis. Therefore, although endocarditis repre-
sents a rare site of infection in cirrhotic patients, it requires rapid assessment for a correct
diagnosis. Spondylodiscitis represents a rare source of infection in cirrhosis, but should be
considered, especially in patients with multiple comorbidities, low back pain, and positive
blood cultures, without evidence of additional infectious sources (e.g., endocarditis). A
case series involving 36 patients with cirrhosis and spondylodiscitis highlighted challenges
in diagnosis, a high rate of local complications (such as epidural abscess), and significant
in-hospital mortality (up to 15%). Finally, a recent case series described 44 cases of bacterial
meningitis identified in a cohort of patients with liver cirrhosis over a broad period of
time, emphasizing the difficulties in diagnosing this condition compared to the general
population and the high mortality rate. Therefore, selected patients presenting with neuro-
logical manifestations inconsistent with hepatic encephalopathy deserve careful evaluation
to identify such infection [15].

Regarding bacterial strains, multi-center studies showed an increasing prevalence of
gram-positive strains, especially in hospital settings or high-intensity care environments [16,17].
Invasive procedures, mechanical ventilation, and placement of indwelling catheters may
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explain this increased prevalence, which has been especially observed in the intensive care
settings. Interesting data from France on a large cohort of patients admitted to intensive
care units further highlighted that gram-positive rods were more commonly seen among
cirrhotic patients than in the non-cirrhotic patients (56 vs. 47%). Notably, there was a higher
prevalence of multi-drug-resistant staphylococcus aureus among cirrhotic patients, which
warrant further investigation [17].

From a clinical standpoint, these studies confirm the modification of the previous
paradigm in which bacterial infections in cirrhotic patients were predominantly caused by
gram-negative rods, and suggest therapeutic implications.

Another emerging aspect, from an epidemiological perspective, concerns the increase
in bacterial infections caused by multi-drug-resistant strains. This issue, which represents
a major public health concern, is shared with many other chronic diseases and entails
environmental risk factors that also require investigation. In the setting of ESLD, data from
international studies and multi-center cohorts have demonstrated not only the increasing
rate of infection from multi-drug-resistant organisms over time, but also the different
prevalence among different regions of the world, and among different centers within
the same country. Furthermore, comparative studies have highlighted how significant
epidemiological changes regarding the dominant strains can occur over time within the
same center. Finally, these studies confirmed the prognostically negative role of such
infections in the context of ESLD, and especially in ACLF.

Taken together, this data necessitates addressing the surge of these infections with
antibiotic stewardship measures for prevention, as well as continually monitoring their
epidemiological trends in every hepatology center and especially in every transplant center.
It is crucial for every liver transplant center to know the actual prevalence, and also to be
aware of any epidemiological changes that may occur over time [18-20].

Well-recognized evidence from literature have described the main risk factors for
bacterial infection in patients with ESLD, such as the severity of liver disease, bacterial
translocation, prior bacterial infections without proper source control, frequent hospital-
izations, use of vascular catheters, and/or invasive procedures. Among these, it seems
appropriate to mention two additional factors, often overlooked in clinical practice. First,
the role of rectal colonization by multi-drug-resistant bacteria has been demonstrated as
an independent predictor of the development of invasive infection by the same strains at
later disease stages. A recent European study confirmed its role in two separate cohorts
of patients admitted to ICU, both in the presence of dominant gram-negative and gram-
positive strains [21]. Another study from India validated these findings, in a regular ward
setting [22].

Secondly, antibiotic prophylaxis has been questioned as a potential risk factor for
further infections, particularly those caused by multi-drug-resistant organisms. Long-term
prophylaxis with systemic antibiotics in cirrhotic patients is restricted to those having
bleeding from esophageal varices, and those with prior episodes of spontaneous bacterial
peritonitis. In the former group, antibiotics still have a role, especially in child-pugh classes
B-C. Recent data have also confirmed the effectiveness of secondary prophylaxis also in the
latter cohort, since it reduces the risk of further episodes of peritonitis, without increasing
the odds of multi-drug-resistant infections [23].

3. Diagnostic Challenges

The diagnosis of bacterial infection in patients with cirrhosis can be challenging in
many cases. The intrinsic characteristics of decompensated cirrhotic patients (such as low
mean arterial pressure, chronic beta-blocker use, hepatic encephalopathy, and immune
dysfunction) can sometimes reduce the ability to early identify the infection itself based on
the clinical parameters that are usually associated with bacterial infection. Moreover, these
clinical aspects can also limit the possibility of assessing the severity of the infection itself,
through the reduced ability to fulfill conventional criteria of sepsis and/or septic shock.
The two most accurate and reliable scores that should be used in this setting are gSOFA
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and Sepsis-3: current guidelines suggest a combination of the two for the assessment of the
severity of bacterial infection [24].

The suboptimal accuracy of serum biomarkers represents an additional challenge. The
presence of persistent systemic inflammation leads to elevated inflammatory markers even
in the absence of infection, resulting in suboptimal diagnostic accuracy [25]. For this reason,
the use of a single biomarker, such as C-reactive protein, especially in the later stages of
the disease, may be an ineffective strategy due to its poor accuracy. Additionally, multi-
organ dysfunction, often seen in ACLF, may limit the diagnostic accuracy of additional
biomarkers, such as procalcitonin. New biomarkers, such as presepsin or neutrophil
Fcy receptor I, have been analyzed over time, but have shown suboptimal diagnostic
efficacy [26,27]. A metanalysis on six studies showed that interleukin-6 seems to have a
good sensitivity and specificity for the diagnosis of bacterial infection in cirrhosis, but in
clinical practice, it may suffer from several perturbating events, therefore it has not been
routinely used [28].

Furthermore, the diagnosis of bacterial infection in cirrhotic patients is not always as-
sociated with microbiological confirmation, as approximately 50% of cases involve culture-
negative infections (such as spontaneous bacterial peritonitis and pneumonia). This aspect
presents multiple implications, including the difficulty of correlating the severity of the
infection, and therefore the prognosis, with a specific bacterium or class of bacteria, and
not having real-time microbiological confirmation of suspected infection. In cases where
there is microbiological positivity, reducing the time interval in sample processing poses
an additional challenge for the future, as it influences the potential initiation of empirical
antibiotic therapy or its modification into targeted therapy. Novel diagnostic tools are
now being deployed to reduce the time delay associated with culture-based pathogen
identification and antibiotic sensitivity testing [19].

4. Innovations in Therapy

From a therapeutic standpoint, the latest recommendations have reaffirmed the need
for prompt diagnosis to initiate appropriate antibiotic therapy as quickly as possible. Re-
cent algorithms also confirm the feasibility of initiating broad-spectrum empirical therapy
capable of treating both gram-positive and gram-negative bacteria, taking into account
the epidemiology of the center, especially in patients with sepsis and/or severe sepsis. A
recent expert opinion recommends empirical therapy with meropenem and vancomycin in
cases of severe bacterial infection [7]. An additional study suggests, among broad-spectrum
antibiotics, the empirical combination of a beta-lactam (such as piperacillin/tazobactam) or
a carbapenem with an antibiotic covering gram-positive bacteria (as vancomycin, dapto-
mycin, and linezolid), also depending on the likely source of infection [19].

Continuous or extended infusion of antibiotics should be implemented too, especially
for beta lactams, since it has been associated with improvement in infection resolution [29].

In cases where the suspicion of multi-drug-resistant infection is high, based on the
patient’s clinical history, and the severity of the current infection, new available drugs
should be considered both as empirical therapy and as targeted therapy once the an-
tibiogram has confirmed the presence of such an infection. Ceftazidime-avibactam (a
combination of two molecules that can inactivate KPC carbapenemases and most OXA-48),
meropenem-vaborbactam (active against KPC carbapenemeas but not against OXA-48- or
metallo-f3-lactamase-producing strains), ceftolozane-tazobactam (recommended for cases
of P. aeruginosa infection), and cefiderocol (a novel siderophore cephalosporin) are novel
molecules that should be kept in mind, especially against gram-negative rods. Several
single-center and multi-center studies on the use of such anti-microbial agents, demonstrat-
ing the efficacy and safety of these molecules, included patients with liver disease in the
study cohort, however, there are still limited studies specifically related to patients with
decompensated liver cirrhosis. An Italian study documented that ceftazidime-avibactam
was associated with a lower rate of treatment failure in cirrhotic patients with carbapenem-
resistant Klebsiella pneumoniae infection [30]. New studies are eagerly awaited to confirm
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the efficacy and safety of the new anti-microbial molecules, even in different settings,
such as targeted pre-transplant prophylaxis in patients colonized by multi-drug-resistant
bacteria and acute kidney injury.

A summary of the current landscape of bacterial infection in ESLD, including recent
progress and unmet needs, is depicted in Table 1.

Table 1. Current concepts, novelties, and unmet needs about bacterial infection in patients with
end-stage liver disease. Abbreviations. ESLD: end-stage liver disease.

. . Unmet Needs/Areas
Recognized Patterns of Bacterial . ..
AR . Novelties Requiring Further
Infection in Cirrhosis Lo
Investigation

Higher prevalence of infection
in ESLD patients than in the
general population
Correlation between bacterial

- Increasing prevalence of
gram-positive strains and
multi-drug-resistant rods.

- Rare sites of infection
should be taken into

Strategies able to predict
epidemiological shifts

; ; . . (especially regarding
Frdemilony - ictonand hedegeof o oo, o g
. endocarditis, meningitis, resistant strains)
As.c1tes, lungs, bloodstream, and and spondylodiscitis),
.urme .are the most common especially in the
infection sites sickest patients
Cirrhosis-associated immune )
dysfunction (combining - Progress in knowledge of - Strategies gble to
persistent systemic systemic inflammation as modulate? mine
Pathophysiology inflammation and immune the key driver of disease dysfunction at various
deficiency) explains the course in ESLD patients levels are .
susceptibility of ESLD patients urgently awaited
to bacterial infection
- Colonization (rectal, o )
pharyngeal swab) by - Identification of patients
Indwelling catheters multi-drug-resistant deemed at the highest
Invasive procedure bacteria and inappropriate risk for bacterial
Risk factors Multiple hospitalizations antibiotic prophylaxis as infection, according to
Absence of source control potential factors for liver function and risk
Previous infections subsequent invasive factors, that may
(multi-drug-resistant) require prophylaxis
infection
A combination of clinical, - Availability of
biochemical, microbiological, microbiological tests able to
and radiological features is still shorten turnaround times De\.lelo.pment and
Diagnosis often needed for the diagnosis - Sepsis 3 criteria and gSOFA Vahdatlonoof more
of bacterial infection in cirrhosis, are the most reliable scores accurate biomarkers
given the low accuracy of for the assessment of the
serum biomarkers severity of infection
Severity of infection and local o - Antibiotic and
epidemiology to be considered - Availability of.new non-antibiotic strategies
at the time of empirical molecules against for gut de-colonization
Therapy multi-drug-resistant strains

antibiotic therapy
De-escalating strategies and
anti-microbial stewardship

(especially Gram +ve)

Development of new
molecules against
gram-positive strains
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5. Prognostic Implications: Looking at Liver Transplantation

The prognosis of bacterial infection in ESLD patients varies and depends on several
factors, including the severity of the infection, the severity of liver disease, the promptness
of diagnosis, and the timely initiation of appropriate therapy. Cirrhosis itself is associated
with mortality in patients with sepsis. The development of sepsis, in turn, significantly
increases short- and long-term mortality in cirrhosis, thus linking these two conditions in
a prognostically negative manner. Despite advancements in outcomes for patients with
cirrhosis and septic shock in recent decades, mortality rates, especially in the ICU and
in-hospital settings, remain high [31,32].

The role of bacterial infections in ESLD has significant prognostic implications in the
liver transplant setting (Figure 1).

N

TN

Timing of LT

Therapy Window
(balancing urgency and futility of care)

¥ wL

prioritization

MELD extra-points after severe infection*

Post-LT ERa
outcomes

Higher morbidity but similar post-operative survival
than patients without pre-LT infection

Figure 1. Severe bacterial infection in cirrhosis: implications for liver transplantation. Abbreviations:
LT: liver transplantation; PSC: primary sclerosing cholangitis; WL: waiting list. * The possibility of
granting MELD extra points in order to increase prioritization for liver transplantation after a severe
infection is still debated.

The first issue concerns the possibility of proceeding with a transplant in cases of
recent or ongoing infection. In fact, infections may increase intraoperative complications,
persist post-operatively, and worsen due to immunosuppressive therapy, with a negative
impact on patient and graft survival. Several studies have attempted to address these
concerns, however data should be interpreted with caution, since many of these considered
only patients who were transplanted, without an intention-to-treat design. Infection control
and the patient’s stabilization could be optimal endpoints to pursue prior to transplant. For
instance, we demonstrated that those patients who survived infection while on the waiting
list had a similar probability of death and of undergoing liver transplantation to that of
matched controls without any episode of infection [33]. In another study on patients with
ACLE mainly caused by bacterial infection, clinical improvement of the patients in the
pre-transplant period (defined by recovery of at least one previously failed organ system)
resulted in significantly better post-operative survival [34].

The most challenging decision concerns the sickest patients, such as those who simul-
taneously present severe bacterial infection (e.g., septic shock) and severe ACLFE. In such
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patients, the therapeutic window that includes transplantation is often narrow, without
enough time to achieve a significant clinical improvement. Here, the challenge lies in
identifying the correct window that balances infection control with the benefit of transplan-
tation, without falling into the futility of the procedure [35,36].

Data from a multi-center French study, which examined patients transplanted for
ACLF grade 3 (i.e., development of three or more organ failures), showed that half of the
patients admitted to the ICU with ACLF-3 had septic shock, while 30% developed septic
shock during their stay in intensive care. Infection control from a clinical perspective for at
least 24 h was found to be a prerequisite for liver transplant procedures [37]. In another
study from France on 200 patients being admitted to the ICU for ACLF, the presence of
uncontrolled infection was the main reason for transplant ineligibility in 12% of cases,
whereas sepsis was the most common cause of death before transplant. Sepsis was not an
independent predictor of ineligibility for transplantation, however. Therefore, the authors
concluded that sepsis by itself should not be considered as an absolute contraindication to
transplantation in such a cohort of patients [38].

The dynamic course of the disease and the coexistence of other conditions, such as
severe leukopenia (<500 white blood cells per pL) multi-drug/pandrug resistant bacteria
or fungi, may also be other factors that can suggest a delay in transplantation [39].

The second issue is associated with prioritizing patients with bacterial infections. The
rationale is the higher risk of patients who recovered from an infection developing a further
bacterial infection, especially when source control is not easy to obtain or in sickest, and
frailest patients. Notably, according to a study from the US, second infections independently
increase mortality in hospitalized patients with cirrhosis [40]. In an organ allocation
model based on the sickest-first policy, worsening clinical conditions (including hepatic
and extrahepatic function) could theoretically prioritize patients for liver transplantation.
However, this is not a rule that applies universally; for instance, in a MELD-based setting,
some patients who are underserved by the MELD score (such as ACLF patients) may
continue to be under-prioritized even after a bacterial infection [41]. Additionally, there
are further issues to be addressed. Among these, the heterogeneity in prioritization rules
(e.g., MELD extra-points) among various transplant programs worldwide; the difficulty in
defining the severity of the infection in cirrhosis, due to the aforementioned reasons; the
identification of infections that may actually alter the clinical course of the patient (sepsis,
septic shock?) and thus warrant prioritization on the waiting list. Therefore, improvements
to allocation rules are eagerly awaited in order to grant more equity [42]. A specific group
of patients with recurrent infections requiring appropriate prioritization involves those
with primary sclerosing cholangitis. The recent US Transplant Network recommendations
emphasize the possibility of ensuring prioritization based on specific clinical criteria [43].
This aspect had already been acknowledged by other organ allocation guidelines outside
the US [44]. Patients with polycystic liver disease who experience recurrent infections
are currently being considered eligible for exception points in some transplant programs,
too [45].

The third issue is the possible role of pre-transplant infection on post-operative out-
come, including recurrence of the same infection. In our cohort, previous bacterial infection
while on the waiting list was not a predictor of death after transplantation [33]. Never-
theless, this infection occurred during the waiting list period, and was not only close to
surgery. Another study from Italy investigated the prognostic impact of bacterial infection
occurring within 28 days before liver transplantation in n = 84 patients; notably, one third
of patients developed severe sepsis or septic shock. When compared with patients without
pre-transplant infection, the former group experienced a higher rate of post-transplant
infection (48% vs. 30%), but only one patient had the same causative pathogen. The overall
90-day mortality rate was not significantly different between the groups [46]. In another
study from Italy on more than 100 patients that underwent transplant after an episode of
infection (21% within 7 days from infection improvement/resolution), the authors demon-
strated that infected patients had a higher prevalence of post-transplant overall infection
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and bacterial infection than those who did not experience pre-transplant infections. Again,
post-operative survival was not different between cohorts [47]. These data have been
confirmed in a smaller single center, both in a small study from Korea [48], and in a further
study from the US, where pre-transplant infection seemed to be associated with increased
early morbidity but not mortality after transplant [49]. A small cohort from Egypt on living
donor liver transplantation showed slightly different data, since pre-transplant candidates
with infection experienced higher mortality than those without, although post--operative
hospital and ICU stays were similar. Notably, the study also included possible coloniza-
tion and fungal infections, which could introduce bias into the data [50]. A recent report
from Taiwan, including more than 1200 liver transplant candidates, focused specifically
on bloodstream infection, occurring within 1 month before transplant in 7.1% of patients.
The authors showed that ICU and in-hospital stays were significantly longer (26.7 £ 21.5
vs. 20.8 £ 19.5 and 62.8 £ 36. vs. 53.8 £ 36.9, respectively) in patients with bloodstream
infection before transplant. Notably, in-hospital mortality, but not 90-d mortality, was
significantly higher in the former group (7.6% vs. 2.9% and 4.4 vs. 2.1%, respectively).
Moreover, causes of death were not reported, and the rate of post-transplant bacteria was
low and not different between cohorts [51].

Taken together, these data suggest that pre-liver transplant bacterial infection may
have implications for post-transplant morbidity, as evidenced by increased intensive care
and in-hospital stays, but not for mortality. The worse pre-transplant condition, which
is expected in infected patients, may contribute to a prolonged post-operative course.
Interestingly, post-transplant mortality does not appear to be significantly influenced by
the pre-transplant infection. This finding underscores the complexity of post-transplant
outcomes, which are not solely determined by the severity of the pre-transplant condition
but are influenced by various factors related to both the donor and recipient, as well as the
post-operative course. It is important to note that most studies do not consider mortality
specifically related to post-transplant bacterial infections: this aspect will need further
investigation in the future.
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ACLF  acute-on-chronic liver failure
ESLD  end-stage liver disease

ICU intensive care unit
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