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ABSTRACT

Introduction: Sepsis is a complication in acute-
on-chronic liver failure (ACLF) patients associ-
ated with high rates of mortality and morbidity.
Early diagnosis of sepsis in ACLF patients can
improve prognosis. This study aimed to explore
potential effective biomarkers for the early
diagnosis of sepsis in ACLF patients.
Methods: Ninety-four ACLF patients with sep-
sis were enrolled from 10 hospitals across China

from January 2015 to June 2016 as well as 49
ACLF patients without infection from Xiangya
Hospital. The first-day admission data and SOFA
score and CLIF-SOFA score were collected. The
differences of indicators between groups were
compared with Kruskal-Wallis test. The recei-
ver-operating characteristic (ROC) curve was
analyzed to evaluate the diagnostic efficiency of
the selected factors.
Results: Soluble triggering receptor expressed
on myeloid cell-1 (sTREM-1) and presepsin were
significantly higher in ACLF-sepsis patients
compared with ACLF patients with no infection
(P\0.001). sTREM-1 and presepsin presented
higher diagnostic value in sepsis for ACLFJun Chen and Ze-Bing Huang contributed equally.
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patients compared with other biomarkers
[white blood cells (WBC), procalcitonin (PCT)
and C-reactive protein (CRP)]. Combining
sTREM-1 or presepsin with the CLIF-SOFA score
increased the diagnostic efficiency (AUC =
0.876 or AUC = 0.913, respectively).
Conclusions: sTREM-1 and presepsin are
potential biomarkers for the early diagnosis of
sepsis in ACLF patients. The combination of
presepsin and the CLIF-SOFA score is a promis-
ing method for diagnosing sepsis in ACLF
patients.
Trial Registration: ClinicalTrials.gov identifier,
NCT02457637.

Keywords: Acute-on-chronic liver failure; Early
diagnosis; Multicenter study; Presepsin; Sepsis;
sTREM-1

Key Summary Points

Why carry out this study?

Sepsis can lead to high mortality in ACLF
patients.

Early diagnosis of sepsis in ACLF patients
can improve prognosis.

sTREM-1 and/or presepsin may be early
diagnostic biomarkers of sepsis in ACLF
patients.

What was learned from the study?

Combining presepsin with the CLIF-SOFA
score is a potential way to diagnose sepsis
in ACLF patients.

Presepsin and sTREM-1 are potential
biomarkers for diagnosing sepsis in ACLF
patients.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features

for this article go to https://doi.org/10.6084/
m9.figshare.13096340.

INTRODUCTION

Acute-on-chronic liver failure (ACLF) is an acute
deterioration of pre-existing chronic liver dis-
ease with high short-term mortality [1–4]. ACLF
patients are more susceptible to infection and
developing sepsis since they usually also have
intestinal barrier destruction, intestinal
microecologic disorder, immune activation and
ascites [5]. Sepsis is not only one of the leading
causes of death in critically ill patients in the
intensive care unit (ICU) [6, 7], but also one of
the pathologic features of ACLF [8, 9]. Sepsis can
activate the immune cells and promote the
release of proinflammatory factors to mediate
liver inflammation, necrosis and disorder of
liver cell regeneration, eventually leading to
multiple organ dysfunction or death [10–12].
One hour delay of antimicrobial treatment
decreases the survival rate of sepsis patients by
7.6% [13]. Therefore, early diagnosis of sepsis is
vital for proper patient management to improve
prognosis. Unfortunately, current methods for
the diagnosis of sepsis, such as blood culture,
are often time consuming and have low sensi-
tivity. Xue et al. reported that the ratio of PLT/
WBC indicated the occurrence of sepsis in HBV-
ACLF patients [14]. However, more effective
biomarkers are still needed for the early diag-
nosis of sepsis for ACLF patients.

Triggering receptor expressed on myeloid
cell-1(TREM-1) is a member of the
immunoglobulin superfamily and is expressed
on the surface of immune cells, such as neu-
trophils, monocytes and macrophages. Soluble
TREM-1 (sTREM-1) is a new inflammatory bio-
marker. It is a soluble TREM-1 and can be tested
in plasma, urine and pleural effusion. The level
of sTREM-1 is increased in various infections
and sepsis [15–19]. sTREM-1 could be a bio-
marker for early diagnosis of sepsis, but few
studies have focused on sTREM-1 in ACLF-
sepsis.

Presepsin, also called soluble CD14 subtype
(sCD14-st), is another new inflammatory bio-
marker. The secretion of presepsin stimulates
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monocyte phagocytosis [20, 21]. Previous stud-
ies showed that serum presepsin levels were
elevated in different infectious diseases [22–25].
Early increasing levels of presepsin in sepsis
make it an attractive indicator in diagnosing
sepsis, and it has been associated with the
severity and prognosis of sepsis [26–29]. How-
ever, the effect of presepsin on the diagnosis
and prognosis of ACFL-sepsis is not known.

In this multicenter study, we analyzed
sTREM-1, presepsin and other inflammatory
biomarkers, such as white blood cells (WBC),
procalcitonin (PCT) and C-reactive protein
(CRP), between ACLF-sepsis patients and ACLF
patients with no infection. Our aim was to
explore potential biomarkers for the early
diagnosis of sepsis in ACLF patients.

METHODS

Patients and Groups

Ninety-four ACLF patients with sepsis were
enrolled from ten hospitals across China during
January 2015 to June 2016 as the ACLF-sepsis
group. Forty-nine ACLF patients without infec-
tion (no fever, normal percentage of white
blood cells and neutrophils, no infectious
ascites with WBC\250/ll, normal pulmonary
imaging examination and without anti-infec-
tion treatment) were enrolled from Xiangya
Hospital as the ACLF group.

Patients who met one of the following cri-
teria were excluded: (1) age\15 years old
or C 80 years old; (2) pregnancy; (3) malignant
tumor; (4) serious chronic history of extrahep-
atic organs, such as COPD with respiratory
failure, coronary heart disease with C NYHA III,
diabetes with serious complications, or chronic
kidney disease with renal failure; (5) receiving
immunosuppressive therapy; (6) patients or
family members refused participation in the
clinical trial. All patients gave written informed
consent according to the Declaration of Hel-
sinki. The study was approved by Xiangya
Hospital Ethics Committee, Central South
University, and the committees of each center.
All documents approved by Clinical Research
Committee of Ren Ji Hospital Affiliated to

Shanghai Jiao Tong University were sent to each
institution and approved by each institution
under the same IRB name. The National Clinical
Trial number (NCT no.) is NCT02457637.

Diagnostic Criteria

ACLF
The diagnostic criteria of ACLF were based on
the 2019 consensus recommendations for
chronic and acute liver failure developed by the
Asian-Pacific Association for the Study of the
Liver (APASL) [3], which was defined as acute
liver damage with clinical manifestations of
jaundice and/or clotting dysfunction on the
basis of known or unrecognized chronic liver
disease, complicated within 4 weeks by ascites
and/or hepatic encephalopathy.

Sepsis
The definition of sepsis referred to the criteria
proposed by European Society of Intensive Care
Medicine (ESICM) and Society of Critical Care
Medicine (SCCM) [30]. Patients with infection
and SOFA score C 2 were diagnosed with sepsis.
Meeting any of the following criteria was con-
sidered as indicating infection:

1. Systemic inflammation: systemic inflamma-
tory response syndrome (SIRS) and increase
of inflammatory indicators (WBC, PCT, CRP
and so on).

2. Clinical manifestations of infection: cough,
yellow pus sputum, frequent urination,
odynuria, abdominal tenderness and
rebound pain, and so on.

3. Infection confirmed by radiograph.
4. Infection confirmed by specimens: ascites

WBC C 250/ll, middle segment urine
leukocyte C ?? and positive results in
culture.

Collection of Data

1. The general condition, vital signs and con-
sciousness state of the patient after
admission.

2. WBC, PCT, CRP, liver function, renal func-
tion, electrolyte, coagulation function and
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other indicators were tested on the first day
of admission.

3. SOFA score and CLIF-SOFA score were
assessed within 24 h of admission.

Detection of sTREM-1 and Presepsin
in Plasma

The plasma used for detection of sTREM-1 and
presepsin was collected from the patient on the
first day of admission. The ELISA-based sTREM-
1 quantitative assay kit was purchased from
Hycult Biotech, The Netherlands (HK348). The
assay was carried out according to the kit
instructions. Presepsin quantitative reagent
strips were purchased from Mitsubishi of Japan
(PATHFASTTM), and the chemiluminescence
immunoanalyzer was also from Mitsubishi
Corp. To test presepsin, we added 100 ul of
plasma into the sample hole of each reagent bar
and then put the reagent rack into the instru-
ment to react for 15 min.

Statistical Analysis

Counting data were analyzed with chi-square
test. Measurement data with normal distribu-
tion data were expressed as mean ± standard
deviation (SD). The measurement data with
non-normal distribution were represented by
the median [25th, 75th] (M [P25, P75]). Kruskal-
Wallis test was used for comparison of index
level differences between groups. The receiver-
operating characteristic (ROC) curve was drawn
for diagnosis efficiency. All data were analyzed
by SPSS20.0 software. P\0.05 was statistically
significant.

RESULTS

The Clinical Data and General
Information

We enrolled 94 patients (77 males and 17
females) in the ACLF-sepsis group and 49
patients (42 males and 7 females) in the ACLF
group, respectively. In the ACLF-sepsis group,

patients had infections in different organs or
sites: 58 patients with pulmonary infection, 26
patients with abdominal infection and 10
patients with other infections. The age and
gender between the two groups were compara-
ble. Liver injury was more severe in ACLF-sepsis
patients compared with ACLF patients (Table 1).

Comparison of Biomarkers Between
the ACLF-Sepsis Group and ACLF Group

We compared inflammatory biomarkers (WBC,
PCT, CRP, sTREM-1 and presepsin) between the
ACLF-sepsis group and ACLF group. The results

Table 1 Clinical characteristics of patients

Variable ACLF-sepsis
group
(N = 94)

ACLF group
(N = 49)

P value

Age (years) 47 (40, 53) 44 (38, 50) 0.339

Gender

(male,

female)

77, 17 42, 7 0.733

Fever (yes,

no)

41, 53 12, 37 0.029

TBIL

(lmol/l)

353.2 ± 183.3 282.2 ± 149.4 0.025

ALT (U/l) 171.7 (62,

459)

550.8

(206.2,1077.8)

0.000

INR 2.15 (1.76,

2.70)

1.67 (1.50, 2.07) 0.000

SOFA score 6 (5, 7) 5 (4, 6) 0.000

CLIF-

SOFA

score

7 (7, 8.25) 6 (5, 7) 0.000

28-Day

mortality

rate

21.3%(20/94) 4.1%(2/49)

90-Day

mortality

rate

38.2%(36/94) 81.6%(4/49)

TBIL total bilirubin, ALT alanine transaminase, INR
international normalized ratio
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showed all the inflammatory biomarkers in the
ACLF-sepsis group were significantly higher
than those in the ACLF group (all P\ 0.001)
(Table 2).

ROC Analysis of Biomarkers
for Diagnosing Sepsis in ACLF Patients

ROC analysis showed that sTREM-1 and pre-
sepsin had higher efficiency in diagnosing sep-
sis for ACLF patients compared with the other
biomarkers (WBC, PCT and CRP). The CLIF-
SOFA score was better than the SOFA score in
diagnosing sepsis among ACLF patients (Fig. 1).
The area under the curve (AUC) of presepsin
was 0.790. The sensitivity and specificity were
96.8% and 59.2%, respectively, when taking
presepsin 404.5 pg/ml as the cutoff value. The
single indicator sTREM-1 or presepsin only had
a moderate diagnostic efficiency (AUC = 0.752
or AUC = 0.790, respectively). However, com-
bining sTREM-1 or presepsin with CLIF-SOFA
increased the diagnostic efficiency (AUC =
0.876 or AUC = 0.913, respectively) (Table 3).

DISCUSSION

ACLF patients were susceptible to bacterial
infection because of dramatically decreasing
immunity [31]. Infection was an important risk
factor leading to aggravation and even death of
ACLF patients [32, 33]. Due to various patho-
gens of sepsis, severe conditions, complicated
clinical symptoms and individual differences of
ACLF patients, clinicians usually have difficulty
determining sepsis in ACLF patients. In addi-
tion, both pathogen-associated molecular pat-
terns (PAMPs, expressed by pathogens) and
damage-associated molecular patterns (DAMPs,
released by damaged body tissues and cells) can
activate pattern recognition receptors (PRRs)
and trigger inflammatory responses [34–36], so
it is difficult to recognize sepsis in ACLF
patients.

In this study, we showed that WBC, PCT and
CRP were not suitable indicators for diagnosing
sepsis in ACLF patients, although they increased
significantly in the ACLF-sepsis group compared
with the ACLF group with no infection. WBC is
a common clinical indicator for the diagnosis of
infection. However, most ACLF patients are in
the decompensated stage of cirrhosis and their
immune system is in a state of continuous
activation, so WBC lacks sensitivity and speci-
ficity in the diagnosis of sepsis in ACLF patients.
PCT was not effective in distinguishing sepsis
from non-infectious systemic inflammatory
response syndrome (SRIS) with low sensitivity
and low specificity [37] because PCT could be
increased in non-infectious inflammation. In
our study, PCT in the ACLF-sepsis group was
higher than in the ACLF group, but the area
under the ROC curve was only 0.690. CRP can
be increased in infection, inflammation and
stress. The poor specificity and sensitivity were
the main disadvantages of CRP as a biomarker
[38].

sTREM-1 and presepsin are new inflamma-
tory indicators. Both sTREM-1 and presepsin
play important roles in the development of
sepsis. sTREM-1 was significantly increased in
the serum of the animal with sepsis shock
induced by lipopolysaccharides (LPS), and the
antagonist of TREM-1 could reduce the

Table 2 Comparison of biomarkers between the ACLF-
sepsis and ACLF group

Biomarkers
M[P25, P75]

ACLF-sepsis
group

ACLF group P value

WBC (^109/

l)

10.06 [5.75,

12.56]

5.5 [4.45, 6.1] 0.000

PCT (ng/ml) 1.16 [0.48, 2.4] 0.44 [0.30,

0.74]

0.000

CRP (mg/l) 15.65

[10.48,23.38]

7.76 [5.80,

12.3]

0.000

sTREM-1

(pg/ml)

723.48

[387.45,

1060.48]

302.32

[123.13,

562.92]

0.000

Presepsin (pg/

ml)

508.5 [393,

847]

284 [216,

522]

0.000

WBC white blood cell, PCT procalcitonin, CRP C-reac-
tive protein, sTREM-1 soluble triggering receptor expres-
sed on myeloid cell-1
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occurrence of shock and death in LPS-mediated
sepsis mice [39]. The plasma presepsin in sepsis
patients was significantly higher than that in
non-infectious SRIS patients and was correlated
with organ dysfunction and prognosis [40]. Our
study found that sTREM-1 and presepsin were
superior to WBC, PCT and CRP, but the diag-
nostic efficiency of a single indicator was at a
medium level. However, when sTREM-1 or
presepsin was combined with the CLIF-SOFA
score, the AUC could be increased to 0.876 or
0.913 respectively.

Sequential organ failure assessment (SOFA)
comprehensively assesses organ function from
six aspects including the respiratory system,
circulatory system, nervous system, liver

function, coagulation function and kidney
function. The SOFA score is a criterion for
evaluating organ dysfunction in the diagnosis
of sepsis. Although a high SOFA score was
associated with mortality in ACLF-sepsis
patients [41], it had limitations in evaluating
organ dysfunction for diagnosing sepsis in ACLF
patients. The SOFA score could not distinguish
between organ dysfunction caused by the
infection itself and that caused by sepsis, and
the diagnostic criteria also had limitations for
patients who had existing organ dysfunction
before sepsis such as ACLF [30]. Due to severe
organ dysfunction with hypoimmunity, ACLF
patients develop infections easily and are sus-
ceptible to sepsis, and in turn sepsis accelerates

Fig. 1 ROC curve of indicators in sepsis diagnosis
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organ failure. Therefore, the SOFA score cannot
distinguish between liver failure caused by sep-
sis and that from ACLF when ACLF patients
have sepsis. The Sequential Organ Failure
Assessment of Chronic Liver Failure (CLIF-
SOFA) is the organ function assessment system
for patients with chronic liver disease. In this
study, we analyzed the effectiveness of CLIF-
SOFA in diagnosing sepsis of ACLF. The results
showed that the CLIF-SOFA score was more
effective than the SOFA score in diagnosing
sepsis of ACLF, and the combination with
sTREM-1 or presepsin could increase diagnostic
efficiency.

In summary, we investigated the potential
biomarkers for early diagnosis of sepsis in ACLF
patients through a multicenter study. We found
that the diagnostic efficiency of sTREM-1 and
presepsinwas higher than that ofWBC, PCT, and
CRP in sepsis diagnosis among ACLF patients. In
addition, combining sTREM-1 or presepsin with
the CLIF-SOFA score could increase diagnostic
efficiency. The combination of presepsin and
CLIF-SOFA score had high efficacy in diagnosing

sepsis in ACLF patients. Our results provide a
reference for early diagnosis of sepsis in ACLF
patients. However, further study should be car-
ried out to verify the results.

There are some shortcomings in this study.
First, the sample is not large enough in this
multicenter study, and the patients in the ACLF
groupwere fromone center. Second, the effect of
biomarkers (sTREM-1, presepsin) on the prog-
nosis of ACLF-sepsis is not analyzed in this study.
Third, the patient population is limited in this
study, andwhether sTREM-1 or presepsin applies
to early diagnosis of sepsis in ACLF patients with
HCC or other chronic diseases is not kown.
Besides, we did not analyze the etiology of the
liver disease related to ACLF in this study.
Therefore, more sample data and well-designed
studies are needed to further verify the results.

CONCLUSIONS

sTREM-1 and presepsin are potential biomarkers
for the early diagnosis of sepsis for ACLF

Table 3 Efficiency of indicators in the diagnosis of sepsis in ACLF patients

Indicators AUC Critical
point

Sensitivity
(%)

Specificity
(%)

Positive predictive
value (%)

Negative predictive
value (%)

WBC 0.701 6.15^109/l 60.6 79.6 73.4 78

PCT 0.690 0.765 ng/

ml

55.3 81.6 62.7 80

CRP 0.654 13.5 mg/l 68.5 57.7 62.7 70

sTREM-1 0.752 607.94 pg/

ml

62.8 81.6 64.8 78

Presepsin 0.790 404.5 pg/

ml

96.8 59.2 71.2 66

SOFA score 0.758 5.5 76.5 67.3 63.9 66

CLIF-SOFA score 0.878 7 72.3 85.7 77.7 68

Presepsin ? CLIF-

SOFA score

0.913 – – – – –

sTREM-1 ? CLIF-

SOFA score

0.876 – – – – –

WBC white blood cell, PCT procalcitonin, CRP C-reactive protein, sTREM-1 soluble triggering receptor expressed on
myeloid cell-1, AUC area under the curve
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patients. In clinical practice, combining pre-
sepsin with the CLIF-SOFA score could be a
promising method to diagnose sepsis in ACLF
patients.
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