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ABSTRACT

Background: In patients with cirrhosis, infections significantly increase the risk of short and long-term
mortality. During infection, the levels of procalcitonin increase, but it has not yet been clarified its prog-
nostic value in subjects with cirrhosis. Therefore, the aim of this study was to evaluate the prognostic role
of procalcitonin in patients with liver cirrhosis hospitalized for acute infection, and to compare it with
other markers of infection. Patients: We included 279 patients hospitalized because of infection, 133 with
liver cirrhosis. At admission the levels of the main biochemical parameters of infection, i.e. leukocytes,
procalcitonin, C reactive protein and lactate, were considered. Results: The duration of hospitalization and
antibiotic therapy were longer in patients with cirrhosis, while no difference was observed for mortality.
In both groups, a correlation with the duration of hospitalization and antibiotic therapy was observed
for high levels of procalcitonin. In the cirrhotic population, in particular, higher procalcitonin values were
associated with an increase in the length of hospitalization and antibiotic therapy, suggesting an even
greater predictive value for those patients. High levels of leucocytes and lactate were positively associ-
ated with the duration of hospitalization, but not with the duration of antibiotic therapy. For mortality,
the strongest correlation was found for high serum lactate levels, regardless of the presence of cirrhosis.
Conclusion: In patients with cirrhosis and acute infection, the value of procalcitonin at admission is a good
prognostic indicator for the course of hospitalization, and could be useful for guiding the management

and treatment of hospitalized patients.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)

1. Introduction

of bacterial origin, its production significantly increases in several
tissues [3,4]. Although the specific biological functions of PCT have

Patients with liver cirrhosis have an up to three-fold higher risk
of developing infections than the general population. According to
a recent hypothesis, systemic inflammation occurring during infec-
tion can promote the transition from a compensated to a decom-
pensated condition [1]. Moreover, in these patients, infections sig-
nificantly increase the risk of short and long-term mortality [2].
Therefore, in patients with cirrhosis, an early diagnosis and prog-
nostic evaluation during infection are crucial to reduce the risk of
morbidity and mortality.

Plasma concentrations of procalcitonin (PCT) in subjects with-
out infection are very low, but in presence of infection, especially
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not been fully clarified, it seems to act as a modulator of inflam-
matory responses [5]. PCT, besides being a good indicator of infec-
tion, has been shown to be a useful marker for predicting mortal-
ity and guiding antibiotic therapy in the general population with
ongoing infections [6].

The liver plays a central role in the production of PCT dur-
ing infection, therefore it could be expected that in liver dis-
eases the synthesis and blood concentration of PCT are decreased.
However, in patients with advanced liver disease, the basal lev-
els of PCT are even increased, suggesting a complex relationship
between liver and PCT levels [7]. Studies conducted in patients
with liver cirrhosis have led to conflicting results and the prog-
nostic role of PCT in subjects with cirrhosis has not been clarified
yet [8-10].

The aim of this study is to evaluate the prognostic role of PCT
in patients with liver cirrhosis hospitalized for acute infection, and
to compare it with other markers of infection.
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2. Patients and methods

This is a retrospective study including patients hospitalized for
acute infection in the Unit of Internal Medicine and Hepatology,
University and General Hospital of Padova, Italy, from 2018 to 2020.
Patients were divided into two groups based on the diagnosis of
liver cirrhosis. Inclusion criteria were as follows: (a) age >18 years;
(b) hospitalization due to an acute infection. The diagnosis of infec-
tions was made according to international guidelines. The severity
of the infection was stratified based on the presence or not of sep-
sis, according to Sepsis-1 criteria (defined by the American College
of Chest Physicians and the Society of Critical Care Medicine), and
on the qSOFA score. Based on the data available, it was not possi-
ble to calculate SOFA and CLIF score.

Demographics, clinical, and laboratory data from patients in-
cluded in the study were recorded. The laboratory data recorded
were the first obtained within 48 h after the admission. In pa-
tients with cirrhosis, acute-on-chronic liver failure (ACLF) pres-
ence was assessed at admission and the grade was calculated ac-
cording to the diagnostic criteria of the European Foundation for
the study of chronic liver failure (EF-CLIF) [11]. ACLF grade 1 was
characterized by the presence of kidney failure (serum creatinine
>2 mg/dl) or by other single organ/system failure (liver: serum
bilirubin >12 mg/dl; brain: grade III-IV hepatic encephalopathy
based on West Haven criteria7; coagulation: international normal-
ized ratio [INR] >2.5 or platelet count <20 x 10%/L; circulation:
treatment with vasoconstrictors to maintain arterial pressure or
inotropes to improve cardiac output; lungs: PaO2/Fi02 <200 or
Sp0O2/Fi02 <214), if associated with kidney dysfunction (serum
creatinine ranging from 1.5 to 1.9 mg/dl) and/or with mild-to-
moderate (grade I-II) HE. ACLF grade 2 and ACLF grade 3 were
defined by the presence of 2 or >3 organ/system failures, respec-
tively.

Patients were followed-up till the end of the hospitalization or
death. The primary endpoints of the study were the duration of
hospitalization and antibiotic therapy. The secondary endpoint was
in-hospital mortality. The study was approved by the Ethics Com-
mittee of the University and General Hospital of Padova.

2.1. Statistical analysis

Data characteristics were summarized by frequency and per-
centage if categorical variables, and by the median and the in-
terquartile range (IQR) due to the non-normal distribution of some
continuous variables of interest. The comparison of the character-
istics between two groups was performed using the Wilcoxon rank
sum test and Pearson Chi-square test for qualitative and quan-
titative variables, respectively. A Kruskal-Wallis test was used if
the comparison by quantitative variables involved more than two
strata.

The database had some missing values of the lactate variable
(83, 29.7%) and since there was a correlation with other covariates,
we imputed the missing values using a MICE (Multiple Imputations
by Chained Equation; Van Buuren and Groothuis-Oudshoorn, 2011)
procedure based on 30 iterations using a CART (Classification and
Regression Tree) algorithm. The analyses to determine the prognos-
tic value of lactate have been repeated also with only non-imputed
data, confirming the results, just with slightly lower statistical sig-
nificance, due to the reduction of the sample size.

We used a binomial logistic regression model to evaluate which
variables were associated with increased mortality. We consid-
ered the following starting variables: leukocyte, C-reactive protein
(CRP), procalcitonin (PCT), lactate, diagnostic group, gender, age,
presence of comorbidities (heart disease of different aetiology, di-
abetes mellitus, chronic kidney disease (CKD), chronic obstructive
pulmonary disease (COPD), and neoplasms), presence of sepsis, and
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identification of multidrug-resistant organism (MDRO). Continuous
variables as leukocyte, CRP, PCT, and lactate were categorized in
tertiles, considering the empirical distribution, in order to estimate
potential non-linear relationships. With a backward approach, the
variables were selected minimizing the Akaike Information Crite-
rion (AIC) index. Results were reported by means of Odds Ratio
(OR) and the relative 95% Interval Confidence (95% IC).

The outcomes of the length of hospitalization and the duration
of the antibiotic therapy were analyzed using the Cox regression
model. However, since the presence of deaths influenced the re-
ported outcomes, as suggested by Brock et al. (2011), we employed
a Fine and Gray model (Fine and Gray, 1999), commonly used in
survival analysis considering the presence of competing risk. In this
case the competing risk is death, which is competitive with the
hospital discharge or the end of the antibiotic therapy. In addition,
the results of the Fine and Gray model have a prognostic meaning
since the use of a subdistribution hazard function (Wolbers et al.,
2009). The initial model incorporated the same covariate of the lo-
gistic model, and a backward variable selection approach was em-
ployed minimizing the AIC index. The model results were reported
by means of Hazard Ratio (HR) and the relative 95% Interval Con-
fidence (95% IC). The regression model related to the duration of
the antibiotic therapy was restricted to the subgroup of patients
affected by bacterial infection. We tested the presence of a signifi-
cant interaction between PCT and the diagnostic group by a Wald
test. An additional sensitivity analysis was conducted estimating
the two previous regression models on the basis of complete set
of data without imputation.

In order to establish a cut-off value for the PCT concentration
which most correlates with an increment of the length of stay and
the duration of the antibiotic therapy we followed an approach in
which the previous Fine and Gray model was estimated using only
the PCT value in binary form (< cut-off, > cut-off) as the only pre-
dictor and the best value of cut-off was chosen minimizing the
AIC index following a similar procedure adopted in other studies
(Chang et al., 2017).

The limit of the first type error for test was set to 0.05. All cal-
culations were performed with R program (version 4.2) and the
packages mice, survival, cmprsk, and survminer.

3. Results

A total of 279 patients admitted to hospital for acute infection
were included: 133 with and 146 without liver cirrhosis. The aeti-
ology of liver cirrhosis was 43.8% alcoholic, 16.3% viral, 14.8% com-
bined alcoholic and viral, and 25.1% due to other causes. In the
group of patients with cirrhosis, the MELD-Na and the Child-Pugh
average score was 23.1 and 9.1, respectively.

Patients with cirrhosis were younger than patients without cir-
rhosis (p < 0.001), more often males (p = 0.01). In comparison
with cirrhotic patients, those non cirrhotic reported a higher pres-
ence of comorbidities, in particular the presence of heart diseases
(51% vs 35%, p = 0.007) and COPD (26% vs. 13%, p = 0.005). The
levels of leukocytes and CRP were higher in the non-cirrhotic pop-
ulation (p < 0.001), while lactates were higher in patients with cir-
rhosis (p < 0.001). The PCT levels did not differ between the two
groups. A higher prevalence of sepsis was reported among non-
cirrhotic patients vs those cirrhotic (59% vs. 38%, p < 0.001), while
there was no difference in the prevalence of multidrug-resistant
organisms. The duration of hospitalization and antibiotic therapy
were longer in the group with cirrhosis (p < 0.001 and p = 0.001,
respectively). The in-hospital mortality rate was similar in the two
groups (11.3% in patients with cirrhosis and 8.9% in patients with-
out cirrhosis; p > 0.05; Table 1).

In the group of patients with cirrhosis, in most cases (92%) the
diagnosis of chronic liver disease was made before admission, and
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Table 1
Demographic, clinical and laboratory features of patients at admission according to group. Data are expressed as median (IQR).
Characteristic Overall Non cirrhotic Cirrhotic P-value®
N = 279* N = 146 N =133

Males, n (%) 182 (65.2%) 85 (58.2%) 97 (72.9%) 0.010
Age, years 73 (62, 81) 78 (70, 85) 65 (58, 74) <0.001
Heart disease 122 (44%) 75 (51%) 47 (35%) 0.007
Diabetes mellitus 93 (33%) 41 (28%) 52 (39%) 0.051
COPD 55 (20%) 38 (26%) 17 (13%) 0.005
CKD 85 (30%) 43 (29%) 42 (32%) 0.7
Neoplasms 80 (29%) 42 (29%) 38 (29%) >0.9
Leukocyte (10°/L) 9.3 (6.0, 14.0) 11.6 (8.0, 15.8) 6.9 (5.2, 11.5) <0.001
CRP (mg/L) 65 (23, 155) 121 (49, 206) 39 (14, 81) <0.001
PCT (pg/L) 0.6 (0.2, 2.9) 0.7 (0.2, 5.8) 0.6 (0.2, 1.7) 0.13
Lactate (mmol/L) 1.9 (1.40, 2.75) 1.6 (1.13, 2.70) 2.10 (1.70, 2.80) <0.001
Sepsis 136 (49%) 86 (59%) 50 (38%) <0.001
Quick SOFA 0.3

0 135 (48%) 65 (45%) 70 (53%)

1 121 (43%) 67 (46%) 54 (41%)

2 20 (7.2%) 11 (7.5%) 9 (6.8%)

3 3(1.1%) 3(2.1%) 0 (0%)
Hospitalization, days 11 (7, 16) 10 (7, 15) 13 (8, 22) <0.001
Antibiotic therapy, days 9 (6, 14) 9 (6, 12) 10 (7, 16) 0.001
Deceased, n (%) 28 (10.0%) 13 (8.9%) 15 (11.3%) 0.5
Known cirrhosis diagnosis - - 123 (92%)
Previous cirrhosis decompensation - - 99 (74%)
Beta blocker therapy - - 61 (46%)
Compensated cirrhosis at - - 78 (59%)
admission
ACLF Grade

0 - - 108 (81%)

1 - - 13 (9.8%)

2 - - 7 (5.3%)

3 - - 5 (3.8%)

2 n (%); Median (IQR).

b pearson’s Chi-squared test; Wilcoxon rank sum test.COPD= Chronic Obstructive Pulmonary Disease. CKD= Chronic Kideny Dis-
ease. CRP= C-Reactive Protein. PCT= Procalcitonin. SOFA= Sequential Organ Failure Assessment. ACLF= Acute-on-chronic liver fail-

ure.

Table 2
Aetiology and site of infection according to group.
Non cirrhotic Cirrhotic P-value
N = 146 N =133
Aetiology, n (%) Bacteria 118 (81) 107 (80) 0.78
Other (fungi, virus) 10 (6.8) 7 (5.3)
Unknown 18 (12) 19 (14)
Site of infection, n Respiratory 73 (50) 32 (24) < 0.001
(%) Urinary 27 (18) 36 (27)
Skin 11 (7.5) 11 (8.3)
Abdominal 13 (8.9) 28 (21)
Unknown 22 (15) 26 (20)
MDRO (Multidrug-resistant organism) 19 (13%) 18 (14%) 0.9

74% had previous episodes of cirrhosis decompensation. At admis-
sion, in 41% of patients, cirrhosis was decompensated, and 19% had
ACLE.

Infections were mostly bacterial, with a similar prevalence
among cirrhotic and non-cirrhotic patients. We observed a differ-
ence in the distribution of the infection sites between the two
groups, with a higher percentage of urinary and abdominal infec-
tions and a lower percentage of respiratory infections in patients
with cirrhosis (p < 0.001) (Table 2). Cultures were positive in 54.8%
of cases (66.7% Gram negative and 33.3% Gram positive), with sim-
ilar rates among the two groups. Also the prevalence of MDRO was
similar between cirrhotic and non cirrhotic patients.

For all the infection markers considered, the levels observed
had a skew distribution with a discrete degree of correla-
tion among them (Fig. 1). In particular for the PCT concen-
tration, we reported a very high value and a strong asym-
metry. In order to moderate the influence of the distribution
skewness and/or the presence of outliers, the four blood mark-
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ers were categorized in tertiles, as reported in the method
section.

Figs. 2 and 3 reported the marginal distribution (in logarithmic
10 scale) of the duration of the hospitalization and of the antibiotic
therapy across tertiles of blood markers and by diagnostic group.
As reported in Fig. 2, there was a marginal influence of the PCT
tertiles on the hospitalization duration, but only for the cirrhotic
group (p = 0.002). Considering the length of the antibiotic therapy,
both the CRP and PCT tertiles showed a marginal influence on the
duration (p = 0.019 and p < 0.001, respectively), but still only for
the cirrhotic group.

The starting model for mortality (Table 3) did not report a sig-
nificant effect of the PCT as well as the final model, which showed
a higher mortality among patients with high lactate levels (first vs
third tertile; OR: 4.80, 95%Cl: 1.71-15.77). Surprisingly, the pres-
ence of CKD was a protective factor (OR:0.20, 95%Cl: 0.04-0.64).

In Table 4 the results of the models related to the length of hos-
pitalization and of the antibiotic therapy duration are summarised



P. Girardi, R. Buono, C. Bisazza et al. Digestive and Liver Disease 56 (2024) 810-817

Leukocyte CRP PCT Lactate
0.06 -
e
0.04- Corr: Corr: Corr: %
0.335"** 0.035 0.254*** <2
o
0.02-
0.00-
500 - .
°
400 -
O oo
LA . °
BN [ TN TORY Corr: Corr: o
AP0 :
200+ PIETT] 0.097 -0.039
. e
100 - ..‘
(S
0- Ne o
L ] L ]
750 -
500~ Corr: )
o
0.056 =
250 -
° L] Y °
' () [ ) s (] L
U-M‘o ® ® o Mﬂ o
PO} L} ° L
° ° [ J
® [ )
® . g.. e ‘ -
® o * 8
() 3 5
[ J @
® [ ]
° [ )
o °
4'0 fl) 160 260 360 460 560 6 250 560 750 6 é 1.0

Fig. 1. Pairwise dispersion diagram between values of leukocyte, CRP, PCT, and lactate and Spearman’ correlation.

Table 3
Adjusted OR and 95%CI of the logistic regression models for mortality for both the starting model and the final model after the selection variable procedure.
Starting model Final model
(n =279) (n =279)
Predictors Odds Ratios 95%Cl P-value Odds Ratios 95%CI P-value
Leukocyte 2nd tert. [6.87-12.4] 2.46 0.78-8.61 0.135
Leukocyte 3rd tert. [12.4-45.5] 1.15 0.30-4.64 0.837
CRP 2nd tert. [34.3-119] 1.32 0.40-4.47 0.646
CRP 3rd tert. [119-504] 1.50 0.45-5.19 0.509
PCT 2nd tert. [0.257-1.5] 1.61 0.47-5.97 0.456
PCT 3rd tert. [1.5-860] 1.70 0.50-6.40 0.408
Lactate 2nd tert. [1.4-2.43] 1.78 0.47-7.14 0.396 1.97 0.59-7.03 0.272
Lactate 3rd tert. [2.43-13] 4.11 1.19-16.34 0.032 4.80 1.71-15.77 0.005
Group [Cirrhotic] 1.49 0.51-4.57 0.472
Gender [F] 0.85 0.31-2.18 0.747
Age (+1 year) 1.00 0.96-1.05 0.963
Heart disease 2.40 0.87-7.03 0.098 2.16 0.92-5.13 0.077
Diabetes mellitus 0.93 0.34-2.40 0.886
COPD 1.62 0.47-4.96 0.414
CKD 0.17 0.04-0.59 0.011 0.20 0.04-0.64 0.014
Neoplasms 1.44 0.53-3.80 0.459
Sepsis 1.48 0.56-4.01 0.429
MDRO 2.23 0.71-6.61 0.155 2.08 0.75-5.37 0.142

COPD = chronic obstructive pulmonary disease. CKD = chronic kidney disease. CRP = C-reactive protein. PCT = Procalcitonin. MDRO = multidrug-resistant organism.
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Fig. 2. Distribution of the duration of hospitalization across tertiles of leukocyte, CRP, PCT, and lactate values by diagnostic group. (K-W: Kruskal-Wallis test).

Table 4

HR and 95%CI estimated by the two Fine and Gray model with Hospitalization and Antibiotic therapy as dependent variables.

Predictors Hospitalization Antibiotic therapy®

(n = 279) (n = 225)

HR 95%Cl P-value HR 95%Cl P-value
PCT 2nd tert. [0.257-1.5) 0.71 0.52-0.97 0.031 0.66 0.46-0.93 0.018
PCT 3rd tert. [1.5-860] 0.71 0.51-0.99 0.041 0.63 0.44-0.90 0.010
Leukocyte 2nd tert. [6.87-12.4) 0.73 0.52-1.02 0.066 0.98 0.69-1.41 0.926
Leukocyte 3rd tert. [12.4-45.5] 0.70 0.50-0.98 0.040 0.72 0.50-1.05 0.085
Lactate 2nd tert. [1.4-2.43) 0.98 0.70-1.36 0.891
Lactate 3rd tert. [2.43-13] 0.61 0.44-0.86 0.004
Group [Cirrhotic] 0.59 0.43-0.81 0.001 0.62 0.44-0.86 0.004
Age (+1 year increase) 0.99 0.98-1.00 0.024 0.99 0.98-1.00 0.049
CKD 1.29 0.96-1.74 0.096 1.31 0.94-1.83 0.108
MDRO 0.52 0.35-0.78 0.002 0.47 0.31-0.70 <0.001

2 Analysis restricted to patients with bacterial infection.PCT = procalcitonin. CKD = chronic kidney disease. MDRO = multidrug-resistant organism.

(the starting models are reported in the Supplementary Table 2);
both models reported a significant prognostic association with the
initial PCT value: the length of stay increased of 29% for the sec-
ond (p = 0.031) and the third tertile of PCT (p = 0.041) in com-
parison with the first tertile (concentration <0.257 ng/L); the re-
ported effect appeared stronger considering the duration of antibi-
otic therapy which resulted in an increase of 34% (p = 0.018) and
37% (p = 0.010) for the second and the third tertile of PCT, respec-
tively (vs. first tertile).

In addition, adjusting for the other covariates, leukocyte levels
moderately influenced both the considered outcomes, reaching an
increase of 30% (p = 0.040), and 28% (p = 0.085) for hospitaliza-
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tion and antibiotic therapy length, respectively, in the comparison
between the respective third and first tertile. High levels of lac-
tate were strongly associated with increased hospitalization length
(+39% 3rd vs 1st tertile), but not with the duration of antibiotic
therapy.

The presence of cirrhosis increased both the length of hospi-
talization and of the antibiotic therapy duration (41% and 38% in-
crease, respectively). Each 1-year age increase was associate with
about 1% duration increment of the two outcomes. The infection
by a multi-drug resistant organism increased by 48% the duration
of hospitalization and by 53% the duration of antibiotic therapy.
We tested the presence of an interaction between PCT in tertiles
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Fig. 3. Distribution of the duration of antibiotic therapy across tertiles of leukocyte, CRP, PCT, and lactate values by diagnostic group. (K-W: Kruskal-Wallis test). Analysis

restricted to patients with bacterial infection (n = 225).

and diagnostic group, but it was not significant in both models
(p = 0.95 and p = 0.51, respectively). The sensitivity analysis based
on complete data confirmed the adverse effects of high PCT levels
on the duration of both hospitalization and antibiotic therapy.

The cut-off analysis was conducted varying the value of PCT
from O pg/L to 100 pg/L with steps of 0.1 pg/L. As reported in the
Supplementary Fig. 1, we obtained a minimum for a value of PCT
equal to 10.5 pg/L both for the hospitalization and the antibiotic
therapy duration. The results of the survival regression models ap-
plying these cut-off values indicated a doubling both for the length
of stay (HR: 0.51, 95%CI: 0.24-1.11) and the antibiotic therapy (HR:
0.46, 95%CI: 0.20-1.06) for concentrations higher than the found
cut-off with the respect lower values.

In patients with liver cirrhosis, we also evaluated if markers of
infection predict ACLF onset (Table 5). Only PCT was found to be
associated with ACLF onset and its grade (Fig. 4).

4. Discussion

Some of the markers of infection commonly used in the gen-
eral population are not equally reliable diagnostic and prognostic
indicators in patients with cirrhosis. In these patients, the use of
leukocytes is limited because their levels are often reduced due
to the common presence of hypersplenism. CRP is a protein pro-
duced only in the liver and its production decreases proportionally
with the reduction in liver function [12]. In recent years, the inter-
est in PCT has gained prominence. A decrease in PCT levels during
an infection is associated with improved clinical conditions, while
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increasing values are associated with worse outcomes, including
mortality. This is not observed for other biomarkers: CRP shows
stable or intermittent serum levels that do not correlate with the
severity of the infection [13]. On the other hand, PCT prognostic
value in patients with cirrhosis has not been clarified.

In our study, both the length of hospitalization and the du-
ration of antibiotic therapy were longer in the cirrhotic group;
this could be a consequence of the condition of immunosuppres-
sion that characterizes patients with cirrhosis, with a longer pe-
riod of treatment needed for recovery [14]. Both durations were
also longer in presence of infection by a multidrug-resistant or-
ganism: this may be explained by the necessity of further antibi-
otic treatment, following the first-line empirical therapy, after the
identification of the microorganism and the definition of the an-
tibiogram. In-hospital mortality was 10%, without differences be-
tween patients with and without cirrhosis. As expected, in patients
with cirrhosis, lower levels of leukocytes and CRP were observed.
On the contrary, in these patients, the levels of lactate were higher
than in patients without cirrhosis, probably as a consequence of
a lower hepatic clearance [15]. PCT levels at admission were sim-
ilar between the two groups, which is in line with a previous
study [8]. This could be explained by the fact that hepatocytes
maintain the ability to synthesize PCT even in case of cirrhosis
and that other organs contribute to the production of PCT during
infection.

All the infection markers positively correlate with increased
mortality: for values included in the second and third tertile of
leukocytes, CRP, PCT, and lactate, the estimated ORs were higher
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Table 5
Demographic, clinical and laboratory features of patients with liver cirrhosis by presence of ACLF.
Characteristic ACLF p-value®
NO, N = 108* YES, N = 25°

Males, n(%) 80 (74%) 17 (68%)
Age, years 67 (58, 75) 63 (53, 73) 0.13
Leukocytes (/uL) 6.7 (4.9, 104) 9.3 (6.9, 12.9) 0.016
CRP (mg/L) 40 (15, 82) 21 (12, 59) 0.3
PCT (ng/L) 0.4 (0.1, 1.2) 1.4 (0.6, 3.3) 0.005
Lactate (mmol/L) 2.00 (1.50, 2.70)  2.70 (2.00, 3.60) 0.009
Hospitalization, days 12 (8, 21) 16 (11, 28) 0.089
Antibiotic therapy, days 10 (7, 16) 13 (7, 19) 0.3
Deceased, n(%) 13 (12%) 2 (8.0%) 0.7
Known cirrhosis diagnosis 104 (96%) 19 (76%) 0.003
Previous cirrhosis decompensation 81 (75%) 18 (72%) 0.8
Beta blocker therapy 51 (47%) 10 (40%) 0.5
Compensated cirrhosis at admission 56 (52%) 23 (92%) <0.001
Quick SOFA 0.3

0 54 (50%) 16 (64%)

1 45 (42%) 9 (36%)

2 9 (8.3%) 0 (0%)
Sepsis 40 (37%) 10 (40%) 0.8
MDRO 15 (14%) 3 (12%) >0.9

2 n (%); Median (IQR).

b Pearson’s Chi-squared test; Wilcoxon rank sum test; Fisher’s exact test.CRP = C-reactive protein.
PCT = procalcitonin. COPD = Chronic obstructive pulmonary disease. CKD = chronic kidney disease.
SOFA = Sequential Organ Failure Assessment. MDRO = multidrug-resistant organism.
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than one. However, because of the limited sample size to analyse
this outcome, statistical significance was found only for high serum
lactate levels. Surprisingly, CKD was found to be a protective factor
for mortality in patients admitted for infection.

With regard to the duration of hospitalization and antibiotic
therapy, a positive correlation was observed with high levels of
PCT. High levels of lactate and leucocytes had a statistically sig-
nificant correlation only with the hospitalization duration, prob-
ably because the analysis on antibiotic therapy was restricted to
the population with a confirmed bacterial infection, reducing the
sample size. These data confirm the prognostic value of PCT, lac-
tate and leucocytes in relation to the course of an infection. Subse-
quently, we evaluated whether there was a difference in the prog-
nostic value of the markers of infection between the two groups.
From the descriptive analysis, only in the cirrhotic population,
higher PCT values are associated with an increase in the duration
of hospitalization and antibiotic therapy, and higher CRP values
with an increased duration of antibiotic therapy. This result sug-
gests even greater predictive value of PCT for the cirrhotic popula-
tion. On the other hand, the ANOVA analysis did not show statisti-
cal significance, indicating that PCT is a good prognostic indicator
in both cirrhotic and non-cirrhotic populations. Overall, these data
indicate that in the cirrhotic population PCT is a good prognos-
tic indicator for the course of the infection, especially if compared
to the other markers of inflammation, and this can be explained
by the reasons explained above regarding the role of the differ-
ent markers of infection in patients with cirrhosis. In addition, we
showed that, in patients with cirrhosis, PCT was the only marker
associated with the grade of ACLF secondary to infection.

One of the limitations of our study is primarily its retrospec-
tive design. Furthermore, the decision to include patients present-
ing non bacterial infection is questionable considering that during
viral infections the production of PCT is generally inhibited by IFN-
y; however, the percentage of non bacterial infections was very
low and a selection of patients would not be suitable with clin-
ical practice, since generally the aetiology of the infection is not
known at admission, but only later during the hospital stay [16].
Moreover, in addition to the single value of the infection markers
at admission, it would have been useful to observe their variations
over time in relation to the outcomes, but the data were not ho-
mogeneous and often missing. Finally, a problem of reverse causal-
ity may be present, since the length of antibiotic therapy and hos-
pitalization could have been influenced by the levels of PCT and
other markers; on the other hand, more than their levels at admis-
sion, their variation during hospitalization and other clinical out-
comes are more often considered by clinicians to take decisions
about duration of antibiotic therapy and hospitalization.

In conclusion, our study indicates that in patients with cirrho-
sis and acute infection, PCT is a good prognostic indicator for the
course of hospitalization. Studies with a larger number of patients
are needed to confirm the potential role of PCT in cirrhosis, as it
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could guide the most appropriate management and treatment dur-
ing hospitalization because of infection.
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