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for the diagnosis of bacterial infections in patients
with chronic liver disease
A retrospective analysis of 324 cases
Junyan Qu, MD, PhDa, Ping Feng, MDa, Yan Luo, MD, PhDb, Xiaoju Lü, MD, PhDa,∗

Abstract
Although procalcitonin (PCT) is a valid marker for early diagnosis of bacterial infections, it is unclear whether its accuracy in predicting
bacterial infections is affected by impaired liver function. This study aimed to assess the impact of compromised liver function on the
diagnostic value of PCT.
This retrospective study was conducted between January 2013 and May 2015. A total of 324 patients with chronic liver disease

were enrolled. Routine laboratory measurements and PCT were performed. Patients were divided into 3 groups according to clinical
diagnosis: chronic hepatitis (group 1), decompensated cirrhosis (group 2), and acute-on-chronic liver failure/chronic liver failure
(group 3). The correlation between PCT and liver function was analyzed. The area under the receiver operating characteristic
(AUCROC) curve of PCT was analyzed according to infection status and liver function.
PCT was more accurate than white blood cell count (P<0.001) and percentage of neutrophils (P<0.001) in detecting bacterial

infections in patients with impaired liver function. In patients without infection, PCT had a moderate positive correlation with serum
total bilirubin (TBIL) (r=0.592), and a weak correlation with model for end-stage liver disease score (r=0.483) and international
normalized ratio (r=0.389). The AUCROC and optimum thresholds of PCT and for predicting bacterial infections at different levels of
TBIL were 0.907 (95% CI 0.828–0.958) and 0.38ng/mL, respectively, for TBIL<5mg/dL, 0.927 (95% CI 0.844–0.974) and 0.54ng/
mL (5mg/dL �TBIL<10mg/dL), 0.914 (95% CI 0.820–0.968) and 0.61ng/mL (10mg/dL �TBIL<20mg/dL), 0.906 (95% CI
0.826–0.958) and 0.94ng/mL (TBIL ≥20mg/dL), respectively.
This study demonstrated that PCT was a valuable marker of bacterial infection in patients with chronic liver diseases. TBIL affected

PCT threshold, so different cut-offs should be used according to different TBIL values.

Abbreviations: ALT = alanine aminotransferase, AST = aspertate aminotransferase, AUC = area under the curve, CTP =
Child–Turcotte–Pugh, HBV = hepatitis B virus, HCV = hepatitis C virus, INR = international normalized ratio, MELD =model for end-
stage liver disease, PCT = procalcitonin, PMN = polymorphonuclear leukocyte, ROC = receiver operating characteristic, SBP =
spontaneous bacterial peritonitis, TBIL = total bilirubin, WBC = white blood cell.

Keywords: chronic liver disease, infection, procalcitonin, total bilirubin
1. Introduction

Chronic liver disease can result in cirrhosis and hepatic
carcinoma, and is thus a considerable burden particularly in
developing countries. The main causes of chronic liver disease are
hepatitis B (HBV) and C (HCV) virus infections, alcohol, and
metabolic fatty liver disease.[1] Patients with either acute or
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chronic liver disease are more likely to have concurrent infections
due to innate immune dysfunction, genetic predisposition, and
intrinsic cellular defects, which in turn leads to impaired liver
function and ultimately higher mortality.[2] Spontaneous bacte-
rial peritonitis (SBP) is the most common type of infection in
cirrhosis patients with decompensated hepatic function, followed
by urinary tract infections and pneumonia.[3,4] Diagnosis of
bacterial infections is difficult in those patients without typical
manifestations and appropriate diagnostic tools. Leukocyte
count has limited value because patients with chronic liver
disease often have deficient neutrophil recruitment due to
pancytopenia caused by accompanying hypersplenism.[5] Positive
bacteria culture is regarded as a gold standard in diagnosing
infections, but is time-consuming and the positive rate is low.
Around 60% of patients with decompensated cirrhosis have
negative ascites bacterial culture results even where SBP has been
diagnosed based on clinical manifestations and other laboratory
examinations.[6] Thus, a reliable method of early identification of
bacterial infections is warranted to improve prognosis for these
patients.
Procalcitonin (PCT) is a calcitonin precursor hormone, and the

serum concentration in healthy people is <0.01ng/mL. Serum
PCT is raised in bacterial infections, but remains low in viral
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infections and nonspecific inflammatory diseases. Many studies
showed that PCT was a helpful biomarker in detecting bacterial
infections.[8] PCT-guided antibiotic stewardship in persistent
bacterial infections may reduce the duration of antibiotic
therapy.[9] Liver is one of the tissues that produce PCT in
response to bacterial infections,[10] leading to speculation as to
whether PCT levels would be lower in patients with impaired
liver function. Aside from that, little is known about the
elimination pathways of PCT, although it is likely that liver
function interferes with PCT concentrations. Research led by
Bota indicated that the serum PCT level was not significantly
lower in patients with hepatic cirrhosis than in other patients
without cirrhosis.[11] A few studies have evaluated the diagnostic
value of PCT in patients with liver diseases, and some of these
suggested that PCT was not an accurate marker of SBP in
cirrhotic patients,[12] and the cut-off values for prediction of
infections were highly variable.[13–16] However, no study has
assessed the relationship between decreased liver function and
serum PCT concentration. We postulated that the role of PCT in
diagnosis of bacterial infections may be affected by liver
dysfunction, so it would be inappropriate to use the same cut-
off value in the patients with compromised liver function in
different degrees.
To assess this hypothesis, we investigated the influence of liver

function on the diagnostic accuracy of PCT in patients with
chronic liver disease. We also assessed the optimal cut-off values
of PCT for early detection of bacterial infections in these patients
according to different degrees of liver dysfunction.
2. Materials and methods

2.1. Study population

The retrospective study was conducted between January 2013
and May 2015 at the Center of Infectious Diseases, West China
Hospital, Sichuan University, China (a 4300-bed academic
tertiary care hospital). The protocol for this research was
approved by the Ethics Committee of West China Hospital,
Sichuan University, who waived the need for consent because the
study was retrospective and data were to be analyzed
anonymously.
All the adult patients (≥18 years old) with chronic liver disease

admitted to the ward of the Center of Infectious Diseases were
enrolled. Exclusion criteria were age under 18 years, pregnancy,
thyroid tumor, moderate and severe renal insufficiency (creati-
nine clearance <50mLmin–1 per 1.73m2), acute liver disease,
and other severe comorbidities such as neoplastic, cardiac and
hematologic diseases, and fungal infections.
Chronic hepatitis was defined as inflammation of the liver that

continued without improvement for ≥6 months. The diagnosis of
liver cirrhosis was made according to clinical and laboratory
criteria without histological confirmation. The causes of cirrhosis
included chronic HBV and/or HCV infection, alcoholism,
autoimmune hepatitis, and cryptogenic causes according to the
medical records. The severity of liver cirrhosis and liver failure
were evaluated by Child–Turcotte–Pugh (CTP) score and model
for end–stage liver disease (MELD) score. SBP was defined as
ascitic fluid infections with positive ascitic fluid bacterial culture
and/or an elevated ascitic fluid absolute polymorphonuclear
leukocyte count (≥250cells/mm3), from which intra-abdominal
surgical intervention as a suspicious source of infection was
excluded. Definitive diagnosis of infection was determined by
medical history, clinical manifestations, physical examinations,
2

and laboratory and imaging tests. Pneumonia was diagnosed
when a positive sputum culture and/or a typical chest x-ray or
computerized tomography were found. Bloodstream infection
was diagnosed from positive blood culture. Urinary tract
infection was considered when bacterial colony counts were
higher than 105/mL in a mid-stream “clean catch” urine and and/
or a positive urine culture. Criteria for decompensation in
cirrhosis patients were: ascites, jaundice, encephalopathy or
variceal hemorrhage, with international normalized ratio (INR)
<1.5. Acute-on-chronic liver failure referred to acute hepatic
insult manifesting as jaundice (serum total bilirubin ≥5mg/dL)
and coagulopathy (INR ≥1.5), complicated by ascites and/or
encephalopathy within 4 weeks in patients with a history of
chronic liver disease.[17] Chronic liver failure was defined as liver
function decompensation based on liver cirrhosis, with similar
clinical manifestations to acute-on-chronic liver failure. INR
≥1.5 in this study was important for definitive diagnosis of liver
failure and decompensated cirrhosis. Patients were divided into 3
groups according to clinical diagnosis (group 1: chronic hepatitis;
group 2: decompensated cirrhosis; group 3: acute-on-chronic
liver failure/chronic liver failure). Each group was then divided
into 2 subgroups (infection group and noninfection group) based
on infection status.
2.2. Measurement

We reviewed themedical records of patients involved in this study
using data exclusively from electronic medical records of our
hospital verified independently by 2 authors. Routine laboratory
tests such as a complete blood count and a blood biochemical test
were performed. All samples (including blood, sputum, ascites,
urine) were collected under sterile conditions and blood samples
for bacterial culture were collected in >2 sets. The serum PCT
level was measured on admission using an electrochemilumi-
nescence immunoassay B.R.A.H.M.S. PCT ELECSYS

®

(Roche
Elecsys E170, Roche Diagnostics GmbH Mannheim, Germany).
This assay is more sensitive[18] than others and has a detection
limit of 0.02ng/mL.
2.3. Statistical analysis

Data were analyzed using SPSS version 17.0 software package
(SPSS Inc., Chicago, IL). A normality test was performed for all
quantitative variables. Continuous variables were presented as
median and interquartile range. Nonparametric statistical
methods were used for non-normally distributed data. Correla-
tions were assessed by Spearman’s test. The correlation
coefficient, r, was used to measure the strength and the direction
of a linear relationship between 2 variables. A correlation >0.8
was generally described as strong, whereas 0.2 <r< 0.5 was
described as weak correlation. Significance testing was carried
out using the T-test or Mann–WhitneyU test. Receiver operating
characteristic (ROC) curves were analyzed using MedCalc
software version 11.5.1.0 (MedCalc Software bvba, Ostend,
Belgium). The area under the curve (AUC) was calculated to
evaluate diagnostic accuracy. ROC curve analysis was carried
out using the method described by DeLong et al.[19] A 2-tailed
P<0.05 was considered significant.
3. Results

A total of 324 patients (mean age 45.19±12.76 years; 259 male)
with chronic liver disease were included in this study. In group 1,
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Table 2

Pathogens identified in the hepatopathy patients with positive
culture.

Infection sites

Pathogens
Respiratory
secretion Blood Urine Ascites Total (%)

Klebsiella pneumoniae 3 3 2 2 10 (34.5)
Escherichia coli – 3 – 3 6 (20.7)
Acinetobacter baumannii 3 – – – 3 (10.4)
Pseudomonas aeruginosa 1 – – – 1 (3.4)
Haemophilus influenzae 1 – – – 1 (3.4)
Enterobacter cloacae – – – 1 1 (3.4)
Salmonella – 1 – – 1 (3.4)
Streptococcus pneumoniae 2 – – 1 3 (10.4)
Enterococcus faecium 2 – – 1 3 (10.4)
Total (%) 12 (41.2) 7 (24.1) 2 (6.9) 8 (27.6) 29

“–” means that bacteria were not found in the cultures.

Qu et al. Medicine (2016) 95:30 Medicine
5 patients (7.14%) had an infection and 65 patients (92.86%) did
not; in group 2, 52 patients had infections (38.81%) and 82
patients (61.19%) did not; and in group 3, 68 patients (56.67%)
had infections and 52 patients (43.33%) did not. The
demographic and laboratory characteristics of the included
patients are listed in Table 1. There were no significant differences
in age and sex between the groups.
On admission, 61.42% (199/324) of patients were free of

infection and the remaining 38.58% (125/324) had an infection.
SBP was the most common type of infection (73/125, 58.4%),
followed by pulmonary infection (46/125, 37.6%). One patient
of the 125 (0.80%) had clinical evidence of infection but the
infectious site could not be determined despite comprehensive
investigation. Twenty-three cases had multisite infections.
Ninety-one clinical specimens were collected. Of the specimens,
positive culture results were obtained from 8 (17.4%) of 46
ascitic fluid samples, and 12 (41.3%) of 29 qualified sputum
samples. There were only 29/91 cases (31.8%) with positive
culture results. Identified pathogens are listed in Table 2. Most
infections were caused by Gram-negative bacteria (23/29,
Figure 1. Receiver operating characteristic (ROC) curves for PCT, WBC, and
percentage of neutrophils for diagnosis of infection in patients with chronic liver
diseases. Area under curves were 0.923 (95% CI 0.889–0.950), 0.676 (95%CI
0.622–0.727), and 0.778 (95% CI 0.729–0.822) for PCT, WBC, and
percentage of neutrophils, respectively. CI=confidence interval, PCT=
procalcitonin, ROC= receiver operating characteristic, WBC=white blood cell.

4

79.3%), predominantly Klebsiella pneumoniae (10/29, 34.5%,)
followed by Escherichia coli (6/29, 20.7%).
Figure 1 depicts the ROC curves of PCT, white blood cell count

(WBC) and proportion of neutrophils for infection discrimina-
tion in patients with chronic liver disease. The most effective cut-
off value of PCT for diagnosing infection in patients with
impaired liver function was 0.53ng/mL. AUC values for these
parameters are listed in Table 3. PCT was more effective than
WBC (P<0.001) and percentage of neutrophils (P<0.001) for
detecting bacterial infections. The AUC for the diagnosis of
infection was 0.923 (95% CI 0.889–0.950) for PCT, and 0.778
(95% CI 0.729–0.822) for proportion of neutrophils. In
peripheral blood, WBC ≥10�109/L and percentage of neutro-
phils ≥75% were used as a cut-off to identify infections in
patients with impaired liver function, for which Youden’s index
was 17.58% and 27.12%, respectively. The diagnostic efficiency
decreased.
The correlation between PCT and liver function was analyzed

in patients without infection (Table 4). Patients without infection
in group 1were excluded when analyzing the correlation between
PCT and CTP score or MELD score. PCT had a moderate
correlation with total bilirubin (TBIL) (r=0.592), and a weak
correlation with MELD score (r=0.483) and INR (r=0.389)
(Fig. 2).
Patients were divided into 4 groups based on TBIL (group A:

TBIL <5mg/dL; group B: 5mg/dL �TBIL<10mg/dL; group C:
10mg/dL �TBIL<20mg/dL; group D: TBIL ≥20mg/dL). The
ROC curves of PCT for diagnosing infection in patients with
different serum TBIL levels are presented in Figure S1 in the
Supplementary Appendix, http://links.lww.com/MD/B146. The
AUC of PCT and the most accurate cut-off values in the 4 groups
with distinct TBIL levels are listed in Table 5. The most accurate
cut-off values of PCT for diagnosis of infections were 0.38ng/mL
(groupA), 0.54ng/mL (group B), 0.61ng/mL (groupC), and 0.94
ng/mL (group D). It is widely accepted that 0.25ng/mL for PCT is
the cut-off value for lower respiratory tract infections in the
general population,[20–21] so when using 0.25ng/mL to identify
infectious complications in patients with chronic liver disease
(Table 5), the diagnostic sensitivity improved but the specificity
decreased significantly, and thus the diagnostic efficiency also
decreased.
4. Discussion

Early identification of bacterial infections in patients with liver
disease is important. Many previous studies have shown that
PCT was superior to C-reactive protein, interleukin-6 and
leukocyte counts in early diagnosis of bacterial infections in
patients without liver disease.[22–24] PCT was also a valuable
marker of bacterial infections in different clinical situations, such
as pneumonia, severe sepsis/septic shock, and bloodstream
infection. However, applying PCT to abdominal infections, a
common complication of liver disease, remains controversial.[25]

Little is known about whether impaired liver function could
impact the diagnostic value of PCT in patients with liver disease.
In this study, we found that the serum level of PCT and

percentage of neutrophils were significantly increased in bacterial
infection groups regardless of the severity of liver disease. The
PCT levels showed the best diagnostic accuracy for predicting
bacterial infections in the ROC curve analysis, followed by
percentage of neutrophils and peripheral blood leukocyte count.
This suggests that PCT is a valuable biomarker in detecting
bacterial infections in patients with liver disease, which is

http://links.lww.com/MD/B146
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Table 3

Area under the curves (AUC) of the receiver operating characteristic for procalcitonin (PCT), leukocyte count (WBC), percentage of
neutrophils and the best cut-off values to detect bacterial infection from patients with liver disease.

Biomarkers AUC (95% CI) Cut-off value Sensitivity (%) Specificity (%) Youden’s index (%)

Total
PCT, ng/mL 0.923 (0.889–0.950) 0.53 94.4 79.9 74.3
WBC, cells�109 /L 0.676 (0.622–0.727)

∗∗∗
6.35 54.4 75.38 29.78
10 21.6 95.98 17.58

N, % 0.778 (0.729–0.822)
∗∗∗

63.2 82.40 62.81 45.21
75 39.2 87.92 27.12

Group 1
PCT, ng/mL 0.994 (0.937–1.000) 0.67 100.0 96.92 96.92
WBC, cells�109 /L 0.708 (0.587–0.810)

∗
6.39 80.0 73.85 53.85

N, % 0.858 (0.754–0.930)
∗∗∗∗

67.5 80.0 83.08 63.08
Group 2
PCT, ng/mL 0.877 (0.809–0.927) 0.53 88.46 79.27 67.73
WBC, �109/L 0.672 (0.586–0.750)

∗∗∗
6.65 42.31 86.59 28.90

N, % 0.731 (0.731–0.804)
∗∗

63.2 76.92 62.20 39.12
Group 3
PCT, ng/mL 0.903 (0.835–0.949) 0.61 95.59 71.15 66.74
WBC, cells�109 /L 0.696 (0.605–0.776)

∗∗∗
4.66 80.88 53.85 34.73

N, % 0.745 (0.657–0.820)
∗∗

63.8 83.82 57.69 41.51

CI= confidence interval, N (%)=percentage of neutrophils, PCT=procalcitonin, WBC=white blood cell.
∗
P<0.05.

∗∗
<0.01.

∗∗∗
<0.001.

∗∗∗∗
>0.05 compared to PCT.

Table 4

The correlation between procalcitonin (PCT) and liver function.

PCT WBC N (%) TB TP ALB INR CTP MELD

r value 0.088 0.294 0.592 –0.114 –0.123 0.389 0.217 0.483
P value 0.218 0.000 0.000 0.108 0.083 0.000 0.012 0.000

ALB= albumin; CTP=Child–Turcotte–Pugh; INR= international normalized ratio; MELD=model for end–stage liver disease; N (%)=percentage of neutrophils; TB= total bilirubin; TP= total protein; WBC=
white blood cell.

Figure 2. Association between procalcitonin (PCT) levels and total bilirubin
(TBIL) in patients with impaired liver function. Spearman correlation analysis
was used to obtain r and P values. PCT was significantly correlated with TBIL
(r=0.592, P=0.000). PCT=procalcitonin, TBIL = total bilirubin.
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consistent with the findings of previous studies. The
leukocyte count of group 1 was increased in patients with
bacterial infections, although the difference was not significant,
which may be related to the limited number of cases.
The results of this study show that the serum PCT level with a

cut-off value of 0.53ng/mL had the best specificity and sensitivity
to identify bacterial infections in patients with liver disease.
Althoughmost previous studies showed that PCTwas a validated
biomarker of infections in patients with liver disease, there was
considerable discrepancy in the optimal cut-offs.[13–16] This
prominent variation could be explained by differences in
methodology (such as different inclusion and exclusion criteria,
different baselines of liver function, different etiologies and
different races), the severity of infectious episodes and the
relatively small number of cases involved. A recent study
demonstrated that a cut-off between 0.1 and 0.5ng/mL was
applicable in patients with lower respiratory tract infections.[26]

Another meta–analysis indicated that a cut-off between 1.0 and
2.0ng/mL was helpful for identifying patients with sepsis.[27]

Therefore, the optimal cut-off values for PCT to detect infection
may be related to different organ function status, different types,
and sites of infections. Liver dysfunction may affect the accuracy
of PCT to identify bacterial infections.

http://www.md-journal.com


Table 5

Area under the curves (AUC) for procalcitonin (PCT) and the best cut-off values to detect bacterial infection frompatientswith liver disease
by total bilirubin levels (TBIL).

TBIL (mg/dL) Number
Sex

(male vs female)
Age (y)

(mean±SD) AUC (95%CI)
Cut-off
value

Sensitivity
(%)

Specificity
(%)

Youden’s
index (%)

TBIL< 5 91 71:21 47.85±13.13 0.907 (0.828–0.958) 0.38 77.78 94.52 72.3
0.25 83.33 78.08 61.41

5�TBIL< 10 76 65:14 45.14±12.02 0.927 (0.844–0.974) 0.54 91.67 88.46 80.13
0.25 100.00 46.15 46.15

10�TBIL< 20 68 54:14 45.35±14.27 0.914 (0.820–0.968) 0.61 96.97 74.29 71.26
0.25 100.00 25.71 25.71

TBIL≥20 89 73:16 42.40±11.32 0.906 (0.826–0.958) 0.94 74.00 92.31 66.31
0.25 100.00 12.82 12.82

AUC = area under the curves, CI=confidence interval, PCT=procalcitonin, SD= standard deviation, TBIL= total bilirubin levels.

Qu et al. Medicine (2016) 95:30 Medicine
In our study, we found the most common bacterial infections
were SBP and pneumonia. Gram-negative bacteria, such as E coli
and Klebsiella spp, were the main pathogens. Similar to previous
reports, the most common Gram-positive bacteria were Pneu-
mococcus and Enterococcus faecium.[28–29] Bacterial transloca-
tion is the key step in the pathogenesis of SBP in cirrhotic patients.
Gram-negative enteric bacteria, enterococci and other strepto-
cocci, are the bacteria most easily translocated to mesenteric
lymph nodes.[30] Only 29 bacterial strains were isolated, perhaps
because our hospital is a large tertiary referral hospital, so
infectious complications in some patients were diagnosed and
antibacterial drugs used empirically before they were admitted to
our hospital, so the rate of positive culture was low.
Our study demonstrated a moderately significant correlation

between PCT and TBIL in noninfected patients. This result
implies that PCT may be influenced by liver function, so this
should be taken into account when using PCT to diagnose
infection. This may partly explain why PCT seemed to be an
inaccurate marker of SBP in patients with liver disease and the
cut-off values for identifying infections were highly variable in
different studies.[12–16] PCT is secreted by adherent monocytes
and macrophage-activated adipocytes in inflammation.[31] Liver
cells are damaged in liver diseases, whereas monocytes and
adipocytes are not. In addition, endotoxin levels increase in liver
diseases and are associated with a serious degree of liver disease.
Endotoxin plays an important role in increased levels of PCT.[32]

This may partly explain why PCT had a positive correlation with
TBIL. A recently published study indicated that in patients with
various forms of acute liver failure, PCT appeared to correlate
with aminotransferase levels.[33] That study included patients
with acute liver failure, who often have higher alanine
aminotransferase (ALT), aspartate aminotransferase (AST),
and endotoxin levels in the early stage than in chronic liver
disease. The high ALT or ALT levels may appear to have been the
cause of the high PCT levels in these patients, but high endotoxin
level is probably the major reason. Different studies include
subjects with different diseases and different phases of disease,
which may yield different results. Besides, our study only showed
a moderate correlation of PCT with TBIL, and there are likely
other factors involved. Further research into this correlation is
required.
The metabolic pathway of PCT remains unclear. One

study showed that renal elimination was the major pathway
for the clearance of PCT,[34] whereas another study found a
high level of PCT in patients with renal dysfunction without
signs of infections.[35] Yet another study indicated that the
6

plasma clearance rate of PCT correlated weakly with renal
function.[36] The liver is an essential component of the
body’s metabolic system, and the bilirubin level may reflect
severity of liver damage, meaning that the liver may be one
location for elimination of PCT. This hypothesis requires further
confirmation.
There are some limitations to our study. First, we assessed liver

function in groups 2 and 3 using the CTP and MELD scores, but
patients in group 1 were excluded when we analyzed the
correlation between PCT and CTP orMELD scores. However, all
patients were included when we analyzed the correlation between
PCT and other indicators of liver function. This may have caused
selection bias. Second, we only detected PCT levels at admission.
Serial monitoring of PCT levels may be more helpful in guiding
the application of antibiotics. Third, 70% of patients had
hepatitis B virus related liver disease. There is a difference in the
etiology of chronic liver disease between Western and Asian
populations. Whether our findings in an Asian population may
transfer to other populations needs to be evaluated in future
multicenter studies.
5. Conclusions

We found that PCT was a helpful marker in identifying bacterial
infections in patients with chronic liver disease. PCT had a
moderate positive correlation with serum TBIL level, and a weak
correlation with MELD score and INR. Serum TBIL influenced
the PCT thresholds, so different cut-offs should be applied based
on different TBIL levels. Although PCT was more accurate than
other parameters for indicating infections, a patient’s clinical
manifestations, other laboratory tests, and imaging data should
be integrated in order to make final decisions for diagnosis and
treatment.
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