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Abstract: Background and Objectives: Bacterial infections represent one of the most frequent pre-
cipitating events of acute-on-chronic liver failure (ACLF) in a patient with liver cirrhosis (LC). Early
diagnosis and treatment could influence the ACLF reversal rate and decrease the mortality rate in
these patients. The study aimed to evaluate the role of presepsin, C-reactive protein (CRP), and
procalcitonin (PCT) in the early diagnosis of bacterial infections in patients with LC and ACLFE,

defined according to the European Association for the Study of the Liver-Chronic Liver Failure

tcxieiic:l:tfeosr Consortium (EASL-CLIF) criteria. Material and Methods: We performed a prospective observational
study including all consecutive cirrhotic patients with ACLF admitted to our tertiary university
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center. The patients were follow-up until discharge. All patients were screened for infection at
admission, and we included patients with community-acquired or healthcare-associated bacterial
infections. Results: In this study, we included 153 patients with a median age of 60 years, of whom
65.4% were male. Infections were diagnosed in 71 patients (46.4%). The presepsin, CRP, and PCT
levels were higher in patients with infections than in those without infections (p < 0.001, p = 0.023,
and p < 0.001, respectively). The ROC analysis results demonstrated that the best cut-offs values
for infections diagnosis were for presepsin 2300 pg/mL (sensitivity of 81.7%, specificity of 92.7%,
AUROC 0.959, p < 0.001), CRP 5.3 mg/dL (sensitivity of 54.9%, specificity of 69.6%, AUROC 0.648,
p =0.023), and PCT 0.9 ng/mL (sensitivity of 80.3%, specificity of 86.6%, AUROC 0.909, p < 0.001).
Presepsin (OR 3.65, 95%CI 1.394-9.588, p = 0.008), PCT (OR 9.79, 95%CI 6.168-25.736, p < 0.001), and
MELD score (OR 7.37, 95%CI 1.416-18.430, p = 0.018) were associated with bacterial infections in
patients with ACLE. Conclusion: Presepsin level >2300 pg/mL and PCT level >0.9 ng/mL may be
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adequate non-invasive tools for the early diagnosis of infections in cirrhotics with ACLE.
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1. Introduction

Patients with liver cirrhosis (LC) can develop acute-on-chronic liver failure (ACLF)
secondary to an acute liver injury such as acute alcoholic hepatitis, viral infections flairs, or
bacterial infections. ACLF is a very dynamic entity, and early recognition and treatment of
the precipitating factors could improve patients” outcomes [1].

Bacterial infections represent the most frequent trigger for ACLF in patients with LC
from Europe and North America [2]. ACLF is characterized by an important inflammatory
syndrome caused by immune system activation by different self or non-self molecules [3,4].
This systemic inflammation determines multiple organ failure and an increased mortality
rate [3]. Moreover, one hour delay in antibiotic treatment in patients with LC and sepsis
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is increasing the mortality rate by 7.6% [4,5]. Therefore, an early diagnosis and prompt
treatment of infections in these patients could increase the survival rate and the chance
of a liver transplant. Unfortunately, infection diagnosis is difficult in patients with LC
and ACLF because the symptoms are very similar to those of acute decompensated LC,
and the patients already have leucopenia, arterial hypotension, hypoxemia due to portal
hypertension, and an altered mental status due to hepatic encephalopathy (HE) [6-8].

During the last decades, serum biomarkers were developed for the early diagnosis of
sepsis in the general population. Presepsin, procalcitonin (PCT), and C-reactive Protein
(CRP) are the most used in clinical practice for sepsis diagnosis, although, in LC, the cut-off
values are different compared to the general population [3,9-12].

Presepsin is one of the biological markers that proved to be efficient in the early di-
agnosis of infections in LC. Presepsin is produced by the cleavage of soluble CD14. CD14
is a co-receptor for bacterial ligands, including the lipopolysaccharide (LPS) complex of
Gram-negative bacteria (GNB), making presepsin a biomarker of innate immune activa-
tion [13-15]. The ability of presepsin to diagnose bacterial infections relies on the fact
that after bacterial cellular phagocytosis, presepsin is released into the plasma in direct
correlation with the severity of the infection [16].

CRP is a nonspecific biomarker of inflammation that also increases during bacterial
infections, being an acute-phase response protein. It is synthesized by the liver as a response
to inflammation or tissue damage; therefore, it might be down-regulated in advanced liver
cirrhosis or ACLF [12,17].

Procalcitonin has low molecular weight and renal clearance, being influenced by
acute or chronic kidney injury. It is synthesized by thyroidian C cells and many other
parenchymal tissues as a response to bacterial toxins or inflammatory cytokines, and it
was demonstrated as a sensitive biomarker of bacterial infections and sepsis in the general
population and cirrhotic patients [18-20].

Until now, only two Asian studies evaluated the role of presepsin as a marker of
bacterial infections in patients with ACLF, using the Asian Pacific Association for the Study
of Liver (APASL) criteria [21,22]. It has to be mentioned that these criteria were developed
in a cirrhotic population in whom hepatitis B virus (HBV) flares were the most frequent
cause of ACLF, and these results could not be generalized to the European population.
Considering all these data, our study evaluated the role of presepsin, procalcitonin, and
CRP in the early diagnosis of bacterial infections in cirrhotic patients admitted with ACLF,
defined according to the European Association for the Study of the Liver-Chronic Liver
Failure Consortium (EASL-CLIF) criteria.

2. Materials and Methods
2.1. Patients

We conducted a prospective observational study in which we included all con-
secutive adult patients with liver cirrhosis and ACLF admitted to our tertiary univer-
sity hospital from 1 January 2020 to 31 December 2020. The patients were follow-up
during hospitalization.

The following patients were excluded: individuals without ACLF, patients receiving
recent (less than one week) antibiotic treatment, excepting rifaximin, prior admission, pa-
tients with severe pulmonary or cardiac comorbidities, those with end-stage malignancies,
including hepatocellular carcinoma, individuals with fungal infections, and those with
nosocomial infections.

The study received our Local Ethics Committee approval (No. 102/10.10.2019). The
study was conducted following the principles of the Declaration of Helsinki. All patients
or their legal representatives (for patients admitted in a coma) signed the informed consent
before entering the study.
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2.2. Clinical and Laboratory Assessment

Liver cirrhosis was diagnosed according to the clinical, laboratory, and imaging data.
All patients were in a decompensated stage of the disease. The severity of LC was assessed
using the Child-Pugh class and Model for End-Stage Liver Disease (MELD) score. ACLF
was diagnosed according to EASL-CLIF criteria [2].

The bacterial infections were diagnosed based on clinical manifestations, physical
examination, and biological and imaging tests. All patients were screened for infection
at admission.

Spontaneous bacterial peritonitis was diagnosed if the absolute polymorphonuclear
leukocyte count in the ascites was >250 cells/mm? or if the ascitic fluid cultures were
positive. Urinary tract infection would be considered if the urine culture had >10°/mL
bacterial colony counts. Bloodstream infections would be diagnosed if the patient had
positive blood culture. Clostridioides difficile infection (CDI) was diagnosed by the presence
of stool A and/or B Clostridioides difficile toxins in patients with watery diarrhea. Pneumonia
was diagnosed based on symptoms and suggestive chest X-ray images. The skin and soft
tissue infections were diagnosed according to clinical examination and positive cultures
[3,23].

The infections were considered healthcare-associated if the patient had a history of
hospital admission less than eight weeks before hospitalization. The rest of the infections
were community-acquired.

The serum presepsin level was measured on admission using the chemiluminescent
enzyme immunoassay method and routine laboratory tests (liver and renal biochemistry,
complete blood count, INR, CRP). For presepsin determination, we used a PATHFAST® pre-
sepsin analyzer (Mitsubishi Chemical Medience Corporation, Tokyo, Japan). The method’s
detection limit was 20 pg/mL. Procalcitonin was evaluated using an immunoassay (Cobas
8000, Roche Diagnostics, Basel, Switzerland), and the limit of detection was 0.02 ng/mL.

2.3. Statistical Analysis

The data were analyzed with SPSS software v20.0 (SPSS Inc., Chicago, IL, USA) and
MedCalc software (v11.4, Ostend, Belgium). Categorical variables were expressed as
percentages and compared using the Chi-square test. All the continuous variables were
non-normally distributed end were expressed as median and interquartile range. These
variables were tested for normality using the Kolmogorov-Smirnov test. The continuous
data were compared using the Mann-Whitney U test. The receiver operating characteristics
(ROC) curve was analyzed, and the area under the curve (AUROC) was calculated to
establish diagnostic accuracy. The factors associated with early diagnosis of infections in
patients with ACLF were identified using univariate and multivariate logistic regression.
Cox regression was used to evaluate if the serum biomarkers are risk factors for in-hospital
mortality in patients with ACLE. Correlations were evaluated with Spearman’s correlation
index. In this study, p < 0.05 was set as the significance level.

3. Results
3.1. Patients Characteristics

During the study period, 788 cirrhotic patients were admitted to our department,
203 were eligible for the study, and 153 patients fulfilled the inclusion criteria (Figure 1).
There were no differences regarding gender, age, LC etiology, or severity between patients
included in the study compared to those excluded.
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Figure 1. STROBE flow diagram of patients included and excluded from the study.

The 153 patients included in this study had a median age of 60 years, and 65.4% of
them were males. The main etiology of LC was alcoholic (87.6%), and 30 patients were
diagnosed with acute alcoholic hepatitis (19.6%). Table 1 presents the characteristics of the
participants. Most of the patients had comorbidities (72.5%). In the study group, 20.3%
of the patients had variceal bleeding, and all of them were diagnosed with ascites. The
majority of the patients (80.4%) had Child—Pugh C class liver cirrhosis, with a median
MELD score of 26. More than half of the patients were diagnosed with ACLF grade 2 or 3
(52.9%). The median presepsin level in the study group was 2038 pg/mL, and a median
procalcitonin level of 0.9 ng/mL.

3.2. Infectious Complications

Infections were diagnosed in 71 patients (46.4%), of whom 16 patients (22.5%) had
more than two infections. Most patients had community-acquired infections (70.8%). There
was no difference in the presence of alcoholic hepatitis in patients with or without infections
(19.7% vs. 19.5%, p = 0.974).

The most frequent site of infection was UTI (28.2%), followed by SBP (26.8%), pneu-
monia (7.04%), and CDI (7.04%), and the Gram-negative bacteria were most frequently
identified as etiologic agents (52.1%). Sepsis was diagnosed in 53 patients (74.6%) and was
secondary to SBP, pneumonia, or UTIL

There was no significant difference between the two study groups in terms of age,
gender, LC etiology, and comorbidities (Table 1). However, patients with infections had a
more severe LC, as the MELD score (p = 0.002) and Child-Pugh score (p = 0.007) revealed.
In the study group, 38.0% of the patients had chronic non-selective beta-blockers (NSBBs)
treatment, and 14.1% had long-term proton pump inhibitors. There was no statistically
significant difference between the patients with and without NSBBs treatment in terms
of infection development (38.0% vs. 40.2%, p = 0.780). More than half of the patients had
previous HE episodes (81 patients, 52.9%), and 61 patients (39.8%) received rifaximin as the
HE secondary prophylaxis. There was no difference among the study groups in terms of
previous rifaximin treatment (40.8% vs. 39.0%, p = 0.819).
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Table 1. Clinical and laboratory characteristics of the study groups.

. With Bacterial Without Bacterial
All Patients . .
Parameter n =153 Infections Infections p
n=71 n=_82
Age, years, median, (IQR) 60 (16) 60 (20) 59.5 (15) 0.418
Male sex, 1 (%) 100 (65.4) 45 (63.3) 55 (67.1) 0.632
Comorbidities, 1, (%) 111 (72.5) 51 (71.8) 60 (73.1) 0.853
Cirrhosis alcoholic etiology, 1, (%) 134 (87.6) 62 (87.3) 72 (87.8) 0.928
Acute alcoholic hepatitis, 1, (%) 30 (19.6) 14 (19.7) 16 (19.5) 0.974
o 72/39/42 33/17/21 39/22/21
ACLF grade 1/2/3, 1, (%) (47.1/25.5/27.4) (46.4/23.9/29.7) (47.5/26.8/25.7) 0.839
Child-Pugh class B/C, 1, (%) 30/123 (19.6/80.4) 11760 19763 0233
T ’ ’ (15.4/84.5) (23.1/76.9) '
Child-Pugh score median, (IQR) 12 (3) 12 (3) 11 (2) 0.007
MELD score, median, (IQR) 26 (13) 28 (11) 26 (17) 0.002
Variceal bleeding, 1, (%) 31 (20.3) 11 (15.4) 20 (24.4) 0.172
. o 11/58/84 5/28/38 6/30/46
Ascites grade 1/2/3, n, (%) (7.2/37.9/54.9) (7.04/39.4/53.56) (7.3/36.6/56.) 0.936
CLIF ACLF score, median, (IQR) 55.2 +10.3 57.5 (13) 57 (14) 0.049
qSOFA score, median, IQR 1(1) 2(2) 1 (0) <0.001
Total bilirubin, mg/dL, median, (IQR) 8.9 (9.6) 8.7 (13.1) 7.8 (5.08) 0.347
Lactate median, (IQR) 28 (18) 31.8 (15.6) 26.7 (26) 0.919
Creatinine mg/dL, median, (IQR) 2.23(1.17) 2.23 (1.19) 2.09 (2.34) 0.723
INR, median, (IQR) 2.5(0.88) 2.6 (0.76) 2.5(0.23) 0.700
CRP, mg/dL, median (IQR) 4.07 (5.7) 5.65 (6.99) 3.36 (4.80) 0.023
Presepsin, pg/mL, median (IQR) 2038 (5314.5) 6530 (6385) 1045 (1715) <0.001
Procalcitonin, ng/mL, median (IQR) 09 (1) 1.5(1.5) 0.7 (0.75) <0.001
NSBB #, (%) 60 (39.2) 27 (38.0) 33 (40.2) 0.780
PPI n, (%) 25 (16.3) 10 (14.1) 15 (18.3) 0.483
Rifaximin 7, (%) 61 (39.9) 29 (40.8) 32 (39.02) 0.819
Hospitalization days, median (IQR) 15 (12) 15 (13) 15 (11) 0.544
In hospital mortality 7, (%) 55 (35.9) 27 (38.0) 28 (34.1) 0.618

CRP, C-reactive protein; MELD, Model of End-Stage Liver Disease; NSBBs, non-selective beta-blockers; PPIs,
proton pump inhibitors.

3.3. Presepsin, PCT, and CRP Infectious Complications

The presepsin levels were higher in patients with infections compared to those without
infections (6530 pg/mL vs. 1045 pg/mL, p < 0.001). Moreover, the presepsin levels increased
with LC severity according to the Child-Pugh class (1265 pg/mL vs. 2290 pg/mL, p = 0.026),
and there was a positive correlation between the presepsin levels and the MELD score
(r=0.336, p <0.001).

The median CRP and PCT levels of the infections group were 5.65 mg/dL and 1.5
ng/mL respectively, and those without infections had a significantly lower median CRP of
3.03 mg/dL and median PCT of 0.7 ng/mL (p = 0.002 and p < 0.001, respectively) (Table 1).
The median CRP levels in patients with class Child-Pugh B cirrhosis were not significantly
different from median CRP levels in Child-Pugh C cirrhotic patients (3.65 mg/dL vs. 4.01
mg/dL, p = 0.854). PCT levels were higher in patients with Child-Pugh C liver cirrhosis
compared to Child-Pugh B cirrhotic patients (0.7 ng/mL vs. 0.95 ng/mL, p = 0.027). There
were no differences regarding presepsin and PCT levels between patients with Child C
vs. Child-Pugh B liver cirrhosis independently of bacterial infections. The median level of
presepsin in Child—Pugh B patients and infections was 4566 (5540) pg/mL compared to
5980 (5505) pg/mL in Child—Pugh C patients diagnosed with infections (p = 0.077). The
median level of PCT in Child-Pugh B patients and infections was 1.1 (1.3) ng/mL compared
to 1.5 (1.5) ng/mL in Child-Pugh C patients diagnosed with infections (p = 0.112).

In patients with infections the median presepsin, CRP and PCT according to ACLF
grade were as follows: 6530 (6280) pg/mL, 5.65 (6.99) mg/dL, and 1.5 (1.4) ng/mL in ACLF
grade 1; 6440 (7082) pg/mL, 3.95 (5.24) mg/dL, and 1.1 (1.5) ng/mL in ACLF grade 2; and
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7815 (5808) pg/mL, 6.2 (8.05) mg/dL, and 2.1 (1.4) ng/mL in ACLF grade 3, respectively

(Figure 2).
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Figure 2. Presepsin (a), CRP (b), and procalcitonin (c) levels among patients with ACLF, with or
without infections.
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3.4. Biomarkers Accuracy for Infection Diagnosis

The ROC analysis was performed for three serum biomarkers: presepsin, CRP, and
PCT. The results demonstrated that the best cut-off value for presepsin for infection detec-
tion was 2300 pg/mL with a sensitivity of 81.7%, and specificity of 92.7% (AUROC 0.911,
CI95%: 0.864-0.959, p < 0.001, Yourden index J = 0.743). For CRP the best cut-off value for
infections detection was 5.3 mg/dL with a sensitivity of 54.9%, specificity of 69.6% (AUROC
0.648, CI 95%: 0.560-0.735, p < 0.002, Yourden index J = 0.458). Procalcitonin cut-off for
infection diagnosis was 0.9 ng/mL, with a sensitivity of 80.3%, specificity of 86.6% (AUROC
0.909, CI 95%: 0.865-0.953, p < 0.001, Yourden index ] = 0.668) (Figure 3). These results
suggest that presepsin and PCT might have a diagnosis value for differentiating between
ACLF patients with or without infections. The presepsin cut-off for infection diagnosis
in patients with Child-Pugh B liver cirrhosis was 2290 pg/mL compared to 2304 pg/mL
for patients with Child-Pugh C liver cirrhosis (p = 0.553). The PCT cut-off for infection
diagnosis in patients with Child—Pugh B liver cirrhosis was 0.85 ng/mL compared to 0.95
ng/mL for patients with Child-Pugh C liver cirrhosis (p = 0.058).

ROC Curve

Source of the
urve
— procalcitonin
—— prespsin
0.5 CRP
——Reference Line

0.6+

Sensitivity

0.4

024

oo T T T T
00 0.2 04 06 08 10

1 - Specificity

Diagonal segments are produced by ties

Figure 3. Comparisons of the three biomarkers” ROC curves.

Multivariate logistic regression analysis demonstrated that the presepsin level higher
than 2300 pg/mL, PCT levels more than 0.9 ng/mL, and MELD score higher than 18
represent factors associated with the diagnosis of infections in patients with LC and ACLF
(Table 2).

Table 2. Univariate and multivariate logistic regression analyses of factors associated with infections
in patients with ACLFE.

Parameter Univariate Analysis Multivariate Analysis
OR CI95% p-Value OR CI 95% p-Value

Male gender 0.94 0.749-1.193 0.758 0.75 0.278-2.050 0.581
Presepsin > 2300 pg/mL 2.88 1.917-4.350 <0.001 3.65 1.394-9.588 0.008
CRP > 5.3 mg/dL 1.64 1.129-2.405 0.013 2.07 0.789-5437 0.139
PCT >0.9 ng/mL 5.98 3.412-10.491 <0.001 8.79 6.168-25.736 <0.001
Acute alcoholic hepatitis 1.01 0.531-1.922 0.974 0.518 0.149-1.800 0.301
MELD > 18 1.20 1.064-1.374 0.008 7.37 1.416-18.430 0.018
Child-Pugh class C 1.10 0.942-1.284 0.323 1.03 0.313-3.404 0.958
Previous NSBBs treatment 0.94 0.635-1.406 0.779 1.04 0.326-3.304 0.949
Previous rifaximin treatment  1.04 0.709-1.545 0.819 1.86 0.608-5.693 0.949
Previous PPIs treatment 0.77 0.369-1.605 0.481 1.27 0.417-3.928 0.667

CRP, C-reactive protein; PCT, procalcitonin; CI, confidence interval; OR, odds ratio; MELD, Model of End-Stage
Liver Disease; NSBBs, non-selective beta-blockers; PPIs, proton pump inhibitors.
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During hospitalization, 55 patients (35.9%) died. The mortality rate was not different in
patients with ACLF and infections compared to those without infections (38.0% vs. 34.1%,
p = 0.618). However, patients who died had higher baseline PCT levels than survivors
(1.1 ng/mL vs. 0.8 ng/mL, p = 0.021), with no differences regarding presepsin or CRP
levels (3225 pg/mL vs. 1994 pg/mL, p = 156, and 5.22 mg/dL vs. 3.65 mg/dL, p = 0.926,
respectively). Most of the patients died during the first week after admission (37 patients,
67.3%). Procalcitonin cut-off for mortality during hospitalization was 0.9 ng/mL, with a
sensitivity of 56.4%, specificity of 37.8% (AUROC 0.622, CI 95%: 0.531-0.712, p = 0.013)
(Figure 4).

ROC Curve

0.8

Sensitivity
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Figure 4. ROC curve for procalcitonin and in-hospital mortality (blue line—ROC curve, green
line—reference line).

Presepsin, PCT, and CRP were not identified as risk factors for in-hospital mortality in
our study (Table 3).

Table 3. Cox regression model for in-hospital mortality.

Parameter B Wald RR 95% CI p-Value
PCT > 0.9 ng/mL 0.608 3.570 1.83 0.978-3.453 0.059
Presepsin > 2300 pg/mL 0.116 0.137 1.12 0.607-2.07 0.711
CRP > 5.3 mg/dL 0.269 0.885 1.30 0.747-2.289 0.347

CRP, C-reactive protein; PCT, procalcitonin; CI, confidence interval; RR, risk ratio.

4. Discussion

Bacterial infections complicate the course of LC and determine an increased rate
of decompensation, acute-on-chronic liver failure, and mortality [3]. The early diagno-
sis and prompt treatment of infections prevent LC from further decompensation and
sepsis development and may decrease mortality rates [8,11,23]. Few studies compared
the diagnostic role of different biomarkers to detect bacterial infections in patients with
LC[9,11,17,20,24,25], and even fewer in patients admitted with ACLF [21,22].

ACLF is a very dynamic entity associated with a high mortality rate [1,2]. Bacterial
infections, acute alcoholic hepatitis, and HBV flares are the main ACLF precipitating events,
and early identification of them could decrease the mortality rates. Nowadays, there are
three accepted ACLF definitions EASL-CLIF consortium, North American Consortium
for the Study of End-Stage Liver Disease (NACSELD), and APASL, all of them including
hepatic and/or extrahepatic organ failures in patients with acute decompensation of LC [1].

EASL-CLIF criteria include a combination of hepatic and extrahepatic organ failure
variables precipitated by bacterial infections or alcoholic hepatitis. APASL-AARC criteria
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are based on predominantly hepatic failure variables precipitated by HBV flares or alcoholic
hepatitis [1,26]. Considering these significant differences, the data regarding the utility of
biomarkers in the diagnosis of infections in patients with ACLF could not be generalized to
the European population. Therefore, we aimed to evaluate the role of presepsin, PCT, and
CRP in the early diagnosis of bacterial infections in patients with ACLF, defined according
to EASL-CLIF criteria.

The findings of the present study demonstrated that the serum presepsin level >2300
pg/mL had the most appropriate specificity and sensitivity to identify bacterial infections
in patients admitted with ACLFE. Moreover, the presepsin levels were directly correlated
with LC severity assessed by the MELD score and the Child-Pugh class.

Prospective studies, including patients with compensated and decompensated LC,
demonstrated that a presepsin level of >600 pg/mL was associated with an increased one-
year liver-related mortality [10]. They also documented that cirrhotic patients have higher
levels of presepsin even at the compensated stage and without infectious complications
than presepsin levels previously reported in the general population. This fact could reflect
spontaneous bacterial translocation associated with LC [13]. In our cohort, the main etiology
of LC was chronic alcohol consumption. Chronic alcohol consumption is associated with
increased intestinal permeability and a higher rate of endotoxin absorption, and this could
explain the higher level of presepsin in our cohort.

In the general population, the presepsin level in adult subjects was 55-184 pg/mL,
whereas in our study, the median presepsin level in patients without infections was 1045
pg/mL. This is in accordance with previous data that demonstrated a higher presepsin
level in patients with LC without bacterial infections due to persistent intestinal bacterial
translocation [10,27].

Papp et al. concluded that presepsin had better diagnostic accuracy in patients with
LC and infections-associated organ failure. The association between CRP and presepsin
increases the diagnostic accuracy of these biomarkers in terms of infection diagnosis in
patients with LC [28]. They also demonstrated that the presepsin cut-off for infection
diagnosis was 844 pg/mL, above the value previously reported for the general popula-
tion (400-600 pg/mL) [14,29]. Furthermore, Novelli et al. showed that presepsin could
discriminate bacterial infections from other types of infection with different cut-off values
according to the type of infection [24].

Our results demonstrate significantly higher values of median presepsin compared to
median presepsin levels reported in Asian cohorts for patients with ACLF and sepsis (508.5
pg/mL), confirming the fact that those data could not be translated in our cohorts [20].

In clinical practice, the diagnosis of infection should be set up in the context of charac-
teristic symptoms and laboratory tests, including the presepsin level. Samples collections
for culture should be obtained in each cirrhosis patient admitted with ACLF. However, the
empirical antibiotic treatment could be considered if the presepsin level is higher than 2300
pg/mL. The goal is to prevent the evolution of sepsis and septic shock, considering that
this diagnosis is challenging in patients with ACLF because they already have an altered
mental state due to HE, leucopenia, arterial hypotension, or hypoxemia, secondary portal
hypertension, and all the sepsis criteria include all these items.

In our study, CRP at a cut-off value of 5.3 mg/dL had a sensitivity of 54.9% and
specificity of 69.6% in the diagnosis of infection. This cut-off is higher than those published
before in patients with LC and bacterial infections but comparable with the results from the
Asian cohorts, although lower specificity and sensibility could be explained by the excessive
inflammation that characterizes ACLF and that promotes and sustains organ failure, not
always associated with bacterial infections. Additionally, the differences between median
CRP levels were not significant between ACLF grade 1 or 2 patients with or without
bacterial infections.

According to our study, the median PCT level was significantly higher in patients
with ACLF and infections compared to those without infections. Moreover, the overall
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performance of PCT in the diagnosis of infection in ACLF patients was superior to that of
CRP and comparable with presepsin.

Zhang et al. [23] evaluated new biomarkers in the development of nosocomial in-
fections in patients with ACLF. They demonstrated that there was no difference in PCT
levels between patients with or without bacterial infections (0.42 ng/mL vs. 0.38 ng/mL,
p = 0.260), although CRP levels were higher in patients with ACLF that developed bacterial
infections (8.4 mg/dL vs. 14.4 mg/dL, p < 0.001) [21]. They also included IL-6, CRP, and
serum globulin in a predictive model for bacterial infections in patients with ACLFE.

In other Asian, Chen et al. [24] demonstrated that presepsin was significantly higher
in patients with ACLF and sepsis compared to ACLF patients without bacterial infections
(p < 0.001). They demonstrated a presepsin cut-off of 404.5 pg/mL for sepsis diagnosis,
with an AUROC of 0.790, and a cut-off of 0.76 ng/mL for PCT, with an AUROC of 0.690 [22].

Multivariate regression demonstrated that only presepsin >2300 pg/mL, PCT >
0.9 ng/mL, and MELD score >18 represent factors associated with infections in patients
with ACLE. In the Asian cohort analyzed by Zhang et al., PCT was not recognized as
a predictor factor for bacterial infections, and only serum globulin, CRP, and IL-6 were
independent predictors for bacterial infections in patients with HBV-ACLF. These data
could be explained by the differences in baseline cohorts’ characteristics, confirming the
necessity of different management approaches according to ACLF precipitating factors.

The present study has some strengths and limitations. This is the first prospective
cohort study examining the role of presepsin, reactive protein, and procalcitonin in the
early diagnosis of infections in patients with ACLF defined according to EASL-CLIF criteria.
The limitations of our research consist of the small number of patients and short follow-up
period. Moreover, above 80% of the study population had the alcoholic etiology of LC, and
our findings could not be transferred to patients with other LC etiologies. Considering
that the data are not homogeneous, different cut-offs should be defined for diagnosing
infections in patients with non-alcoholic LC and ACLF or other LC complications.

5. Conclusions

Presepsin and PCT may be adequate non-invasive tools for the early diagnosis of infec-
tions in patients with ACLF to decrease mortality rates during hospitalization. Assessment
for infections in all admitted ACLF cirrhotic patients and early antibiotics administration
are the keys to successful treatment and reversal of ACLF in patients with LC. In this regard,
further prospective large cohort study should confirm the present findings.
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