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Abstract
BACKGROUND 
The diagnosis of bacterial infection is difficult in patients with acute-on-chronic 
liver failure (ACLF).

AIM 
To evaluate the diagnostic accuracy of widely used parameters for bacterial 
infection in ACLF and to develop a simple scoring system to improve diagnostic 
efficiency.

METHODS 
This was a retrospective study. Procalcitonin (PCT), white blood cells (WBC), 
proportion of neutrophils (N%), and C-reactive protein (CRP) were examined. 
Logistic regression was used to select variables for the scoring models and 
receiver operating characteristic curve (ROC) analysis was used to evaluate the 
diagnostic value of different indices.

RESULTS 
This study included 386 patients with ACLF, 169 (43.78%) of whom had bacterial 
infection on admission. The area under the ROC (AUROC) of PCT, CRP, WBC 
and N% for the diagnosis of bacterial infection ranged from 0.637 to 0.692, with no 
significant difference between them. Logistic regression showed that only N%, 
PCT, and CRP could independently predict infection. A novel scoring system 
(infection score) comprised of N%, PCT and CRP was developed. The AUROC of 
the infection score was 0.740, which was significantly higher than that for the 
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other four indices (infection score vs N%, PCT, CRP, and WBC, P = 0.0056, 0.0001, 
0.0483 and 0.0008, respectively). The best cutoff point for the infection score was 4 
points, with a sensitivity of 78.05%, a specificity of 55.29%, a positive predictive 
value of 57.91% and a negative predictive value of 76.16%.

CONCLUSION 
The infection score is a simple and useful tool for discriminating bacterial 
infection in ACLF.

Key words: Acute on chronic liver failure; Bacterial infection; Score

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: This is a retrospective study evaluating the diagnostic value of widely used 
biomarkers for infection, including procalcitonin (PCT), white blood cells, proportion of 
neutrophils (N%), and C-reactive protein (CRP) for bacterial infection in ACLF. The 
results showed that all four parameters did not perform well in ACLF, with no significant 
difference found among them. A novel scoring system was developed comprised of N%, 
PCT and CRP which demonstrated higher accuracy for bacterial infection in ACLF than 
the indicators used alone. Further validation of this scoring system is required in 
prospective studies.

Citation: Lin S, Yan YY, Wu YL, Wang MF, Zhu YY, Wang XZ. Development of a novel 
score for the diagnosis of bacterial infection in patients with acute-on-chronic liver failure. 
World J Gastroenterol 2020; 26(32): 4857-4865
URL: https://www.wjgnet.com/1007-9327/full/v26/i32/4857.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i32.4857

INTRODUCTION
Acute-on-chronic liver failure (ACLF) is a severe syndrome characterized by the loss of 
hepatocyte function and consequent multiple organ failure[1,2]. Patients with ACLF are 
usually vulnerable to infection[3,4]. On the other hand, bacterial infection can lead to 
deterioration of liver function or even death in such populations[5-8]. Thus, early 
detection of bacterial infection and timely treatment are crucial in the management of 
ACLF. However, compared with the general population or cases with liver cirrhosis, 
patients with ACLF demonstrate different clinico-pathophysiological features[9]. For 
example, significant systemic inflammation is commonly observed in ACLF[10-13], which 
makes the diagnosis of infection more difficult in the ACLF population than in other 
populations.

Routine blood testing is the preferred method for detecting infection in the general 
population. However, its value is not satisfactory in ACLF as leucopenia resulting 
from hypersplenism is common in patients with chronic liver disease. Serum C-
reactive protein (CRP) and serum procalcitonin (PCT) level are widely used as 
diagnostic indicators for bacterial infection[14]. Previous studies have shown that CRP 
level decreases with the severity of liver failure[15,16]; therefore, the diagnostic capacity 
of CRP is interfered by hepatocyte dysfunction[17]. We previously demonstrated that 
the threshold of PCT should be elevated in ACLF when it is used for the diagnosis of 
bacterial infection[18], and this view was supported by several other studies[19-22]. 
Therefore, it is important to identify a new biomarker or to develop a model to 
improve diagnostic efficiency. This retrospective study aimed to develop a novel 
scoring system containing common biomarkers for the identification of bacterial 
infection in ACLF.

MATERIALS AND METHODS
Patients
This study included ACLF patients who were hospitalized in the First Affiliated 
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Hospital of Fujian Medical University from January 2014 to March 2019. The First 
Affiliated Hospital of Fujian Medical University is a teaching hospital that receives 
patients referred from other hospitals. Many of these patients may have previously 
been treated for some time in other hospitals and have developed nosocomial 
infection; therefore, the infection rate on admission in this cohort is relatively higher 
than reported. We excluded patients without a PCT test on admission and those with 
severe trauma, acute pancreatitis, malignancy, fungal infection, and those who had 
undergone major surgery.

Diagnostic criteria
ACLF was diagnosed based on the guideline of the Asian Pacific Association for the 
Study of the Liver (2014)[23], which are the most widely used criteria in Asia[24]. ACLF 
was confirmed in patients with chronic liver disease who had a total serum bilirubin ≥ 
5 mg/dL or an international normalized ratio of ≥ 1.5 within 4 wk, complicated by 
encephalopathy and/or ascites[23].

Data collection
The following data were collected from all patients on admission: Sex, age, the etiology 
of liver diseases, etiologies, infection source, PCT, CRP, white blood cell count (WBC), 
proportion of neutrophils (N%), liver and kidney function tests. The normal ranges of 
the four parameters were as follows: WBC 3.5-9.5 × 109/L, N% 40%-75%, CRP 0-8 
mg/L, and PCT 0-0.05 ng/mL.

Statistical analysis
Continuous variables are expressed as the mean ± standard deviation and were 
compared using the Student’s t test in the case of normal distribution or the Mann-
Whitney test in the remaining cases. Categorical variables are expressed as counts 
(percentages) and were compared by the Chi-squared test or Fisher’s exact test[25]. The 
diagnostic accuracy of PCT and the other parameters were examined by the receiver 
operating characteristic curve (ROC curve). The best cut-off value of each indicator 
was chosen based on Youden’s index. The sensitivity, specificity, negative predictive 
value (NPV), and positive predictive value (PPV) were calculated based on the cut-off 
point. Statistical analyses were performed using SPSS software, version 18.0 (SPSS, 
Chicago, IL, United States). The ROC curves were compared using MedCalc software 
version15.2.2 (MedCalc Software, Mariakerke, Belgium). A P value < 0.05 was 
considered statistically significant.

Ethics
This study was in compliance with the Declaration of Helsinki. All patients signed a 
written consent form for use of their clinical data. The study was approved by the 
Institutional Ethics Committee of the First Affiliated Hospital of Fujian Medical 
University.

RESULTS
Baseline characteristics of the patients
This study included 386 patients with ACLF, 169 (43.78%) of whom had bacterial 
infection on admission and 217 (56.22%) did not (Figure 1). The baseline characteristics 
of these patients are shown in Table 1. Hepatitis B virus-related ACLF was the 
predominant etiology of liver disease in this population (75%). Patients with infection 
were older (52.18 ± 14.70 years vs 45.96 ± 13.94 years, P < 0.001) and had significantly 
higher MELD scores (22.24 ± 7.36 vs 18.94 ± 4.39, P < 0.001) than non-infected cases. 
Sex and etiologies were similar between the two groups.

The most common infection in this ACLF cohort was pneumonia, accounting for 
55.62%. The proportions of spontaneous bacterial peritonitis (SBP) (13.60%) and both 
pneumonia and SBP (12.43%) were similar. The remaining infections were from an 
unidentified source (7.69%), biliary tract infection (7.10%), urinary tract infection 
(5.92%) and blood stream infection (1.78%).

Comparison of the four parameters between infected and non-infected patients with 
ACLF
The PCT levels were increased in patients with ACLF even in the absence of bacterial 
infection (0.75 ± 0.60 ng/mL), which was demonstrated in our previous study[18]. This 



Lin S et al. Infection score for ACLF

WJG https://www.wjgnet.com 4860 August 28, 2020 Volume 26 Issue 32

Table 1 Baseline characteristics of the patients

Non-infected (n = 217) Infected (n = 169) P value

Age (yr) 45.96 ± 13.94 52.18±14.70 < 0.001

Male, n (%) 177 (81.6) 126 (74.6) 0.096

Etiology, n (%) 0.051

HBV infection 173 (79.7) 114 (67.5)

Alcohol 17 (7.8) 23 (13.6)

HBV and alcohol 8 (3.7) 8 (4.7)

Others 19 (8.8) 24 (14.2)

MELD score 18.94 ± 4.39 22.24 ± 7.36 < 0.001

PT (s) 21.97 ± 6.52 26.22 ± 9.90 < 0.001

INR 1.90 ± 0.56 2.35 ± 1.16 < 0.001

Total bilirubin (μmol/L) 272.56 ± 127.41 317.70 ± 153.10 0.001

Albumin (g/L) 31.34 ± 4.76 28.81 ± 5.36 < 0.001

ALT (U/L) 663.30 ± 694.59 524.97 ± 800.98 0.070

AST (U/L) 463.18 ± 494.97 477.25 ± 662.96 0.811

GGT (U/L) 159.74 ± 160.13 141.85 ± 143.03 0265

Creatinine (μmol/L) 61.67 ± 19.37 81.71 ± 56.61 < 0.001

PCT (ng/mL) 0.75 ± 0.60 1.46 ± 1.81 < 0.001

CRP (mg/L) 15.86 ± 9.61 25.59 ± 17.50 < 0.001

WBC (× 109/L) 6.67 ± 3.11 9.01 ± 5.62 < 0.001

N% 66.80 ± 10.57 73.03 ± 11.56 < 0.001

PT: Prothrombin time; INR: International normalized ratio; ALT: Alanine aminotransferase; AST: Aspartate transaminase; GGT: Gamma-glutamyl 
transferase; PCT: Procalcitonin; CRP: C-reactive protein; WBC: White blood cell count; N%: Proportion of neutrophils.

Figure 1  Flowchart of patient selection.

increase was nearly 15 times higher than the normal range (0.05 ng/mL). However, the 
PCT levels in the infected group were still significantly higher than those in the non-
infected group (1.46 ± 1.81 ng/mL, P < 0.05, Table 1). In the group with infection, CRP 
levels differed significantly with infection site, while PCT, WBC and N% levels 
showed no significant differences regarding the infection site (Table 2).



Lin S et al. Infection score for ACLF

WJG https://www.wjgnet.com 4861 August 28, 2020 Volume 26 Issue 32

Table 2 Procalcitonin levels in relation to different infection sites

PCT (ng/mL) CRP (mg/L) WBC (× 109/L) N%

Overall (n = 169) 1.46 ± 1.81 25.59 ± 17.50 9.01 ± 5.62 73.03 ± 11.56

Pneumonia (n = 94) 1.35 ± 1.77 25.26 ± 17.80 8.87 ± 5.98 71.77 ± 11.23

SBP (n = 23) 1.29 ± 0.83 18.55 ± 9.19 8.46 ± 3.88 72.05 ± 14.06

Pneumonia and SBP (n = 21) 2.30 ± 2.83 37.71 ± 24.00 11.30 ± 6.72 77.26 ± 13.85

Infection without identified source (n = 13) 2.12 ± 2.04 29.26 ± 11.98 9.35 ± 4.81 75.57 ± 10.87

Biliary tract (n = 12) 0.59 ± 0.37 14.61 ± 8.12 7.92 ± 4.66 73.42 ± 10.25

Urinary (n = 10) 0.74 ± 0.54 19.72 ± 5.90 5.38 ± 2.43 67.43 ± 9.25

Bloodstream (n = 3) 1.02 ± 0.42 32.65 ± 17.90 8.21 ± 1.13 74.67 ± 5.80

P value 0.084 0.001 0.203 0.406

SBP: Spontaneous bacterial peritonitis; PCT: Procalcitonin; CRP: C-reactive protein; WBC: White blood cell count; N%: Proportion of neutrophils.

Diagnostic value of the four parameters for bacterial infection in patients with ACLF
Figure 2 shows the ROC curves of PCT, CRP, WBC, and N% for the diagnosis of 
bacterial infection. Table 3 shows the best cutoff points and the area under the ROC 
(AUROC) of these parameters. There were no significant differences in multiple 
comparisons of the AUROCs (all P values > 0.05).

Infection score for the diagnosis of bacterial infection in ACLF
The results of logistic regression showed that PCT, CRP and N% could independently 
predict infection, with an odds ratio (OR) of 1.595 (95%CI: 1.202-2.116), 1.047 (95%CI: 
1.025-1.069) and 1.030 (95%CI: 1.005-1.055), respectively, while the WBC was not an 
independent indicator for infection (OR = 1.063, 95%CI: 0.993-1.137).

According to the variables selected for logistic regression analysis and the cut-offs 
defined by ROC analysis, we developed a scoring system that contained three 
components, N%, PCT, and CRP (Table 4). For example, the OR of PCT for infection 
was 1.595, which meant that each additional unit (1 ng/mL) increment in PCT 
increased the risk of infection by 59%. The baseline level of PCT in the non-infected 
group was approximately 0.75 ng/mL and the optimal cutoff point of PCT for 
discriminating infection and non-infection was 1 ng/mL. After combining the above 
information and making the scoring system more user-friendly, PCR < 0.5 ng/mL was 
assigned 0 point, 1 > PCT ≥ 0.5 was assigned 1 point, and 2 > PCT ≥ 1 was assigned 2 
points. The AUROC of this infection score for the diagnosis of bacterial infection in 
patients with ACLF was 0.740, which was significantly higher than the other four 
biomarkers (infection score vs N%, PCT, CRP, and WBC, P = 0.0056, 0.0001, 0.0483 and 
0.0008, respectively). The best cutoff value of the infection score was 4 points, with a 
sensitivity of 78.05%, specificity of 55.29%, PPV of 57.91%, and NPV of 76.16%. Cases 
with an infection score of 0-2 points were not likely to have a bacterial infection (NPV 
was 94.10%). On the other hand, cases with an infection score of 8 points and greater 
were largely considered infected and empiric antibiotics were strongly recommended 
(PPV was 91.68%) (Table 5).

DISCUSSION
The early diagnosis of bacterial infection is crucial for the management of liver failure. 
This study firstly demonstrated that common indicators of infection, including WBC, 
N%, CRP, and PCT, did not perform well in ACLF as all the AUROCs were less than 
0.7 and no differences were found between these indicators. A novel scoring system 
was developed in this study and the results showed that this infection score had better 
accuracy than those four parameters alone for the diagnosis of bacterial infection in 
ACLF.

This infection score comprised three commonly used indicators, the N%, PCT and 
CRP. Neutrophils are known to be the first immune cells in the response to 
infection[26]. The N% is independent of the WBC, which means that hypersplenism 
might not significantly influence the N%. In this cohort, the N% alone was not an 
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Table 3 Diagnostic accuracy of procalcitonin, C-reactive protein, white blood cells, and proportion of neutrophils for the diagnosis of 
infection in liver failure

Cut offs Sensitivity (%) Specificity (%) PLR NLR PPV (%) NPV (%) P value AUROC

PCT ≥ 1.01 42.60 78.80 2.01 0.73 61.01 63.81 < 0.0001 0.637

CRP ≥ 17.5 63.91 67.28 1.95 0.54 60.33 70.54 < 0.0001 0.692

WBC ≥ 7.90 47.93 79.72 2.36 2.36 64.79 66.28 < 0.0001 0.638

N% ≥ 73.8 55.03 76.50 2.34 0.59 64.58 68.60 < 0.0001 0.674

PCT: Procalcitonin; CRP: C-reactive protein; WBC: White blood cell count; N%: Proportion of neutrophils; PLR: Positive likelihood ratio; NLR: Negative 
likelihood ratio; PPV: Positive predictive value; NPV: Negative predictive value; AUROC: Area under the receiver operating characteristic curve.

Table 4 The infection scoring system

Items Definition Score

< 60 0

70 > N ≥ 60 1

80 > N ≥ 70 2

N%

≥ 80 3

< 0.5 0

1 > PCT ≥ 0.5 1

2 > PCT ≥ 1 2

PCT

≥ 2 3

< 10 0

20 >N ≥ 10 1

CRP

≥ 20 2

PCT: Procalcitonin; CRP: C-reactive protein; N%: Proportion of neutrophils.

Table 5 Diagnostic value of the infection score

Score Sensitivity (%) Specificity (%) PPV (%) NPV (%) PLR NLR

≥ 2 98.22 22.12 49.55 94.10 1.26 0.08

≥ 4 78.05 55.29 57.91 76.16 1.75 0.40

≥ 6 26.63 91.24 70.30 61.49 3.04 0.80

≥ 8 6.51 99.54 91.68 57.76 14.12 0.94

PPV: Positive predictive value; NPV: Negative predictive value; PLR: Positive likelihood ratio; NLR: Negative likelihood ratio.

excellent biomarker of bacterial infection as the AUROC was only 0.674 and its best 
cutoff value was still within the normal range. However, when combined with other 
biomarkers, the diagnostic value was greatly improved.

PCT has been questioned as an index of bacterial infection in patients with liver 
diseases as several studies have demonstrated elevated PCT levels in the absence of 
bacterial infection in such patients[18,27,28]. We previously showed that PCT was not the 
best parameter of infection in cirrhotic patients following the onset of sepsis[29]. Mallet 
et al[21] showed that the diagnostic value of PCT for infections was related to the 
etiology of liver failure. PCT has also been shown to be a better biomarker for liver cell 
injury than a biomarker for bacterial infection in patients with acute liver failure[20]. A 
study from China suggested adjusting the threshold of PCT according to liver 
function[19]. The results of this study showed that the diagnostic value of PCT alone 
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Figure 2  Receiver operating characteristic curves of procalcitonin, C-reactive protein, white blood cells, and proportion of neutrophils 
for the diagnosis of infections in acute-on-chronic liver failure. ROC: Receiver operating characteristic curve; WBC: White blood cells; CRP: C-reactive 
protein; PCT: Procalcitonin; N%: Proportion of neutrophils.

was similar to that of WBC, N% and CRP even though the threshold for PCT was 
increased to 20 times greater than the upper limit of the normal range. This result was 
supported by the aforementioned studies.

Similar to PCT and N%, the diagnostic value of CRP alone was not satisfactory. 
Inflammation and bacterial translocation in liver cirrhosis may lead to an increase in 
the synthesis of CRP[30]. On the other hand, a previous study showed that CRP levels 
will remain high even when bacterial infections are resolved[31]. The CRP might 
partially reflect systemic inflammation in ACLF in addition to bacterial infection.

With the combination of these three widely used parameters, the performance of the 
infection score was better in diagnosing bacterial infection. The AUROC values were 
significantly higher than any of the other indicators used alone. When the infection 
score was equal to or less than 2 points, the NPV was 90%, suggesting that infection 
can be ruled out and antibiotics should not be administered. When the score was 8 
points, the PPV was 90%, suggesting that anti-infective therapy was required. The 
variables in this model are widely used in clinical practice and the score is easy to 
compute. This novel scoring system might be a useful tool for early detection of 
infection in patients with ACLF and help to improve the outcome of this population.

The limitation of this research is that it is a retrospective study performed in a single 
medical center. As ACLF is an uncommon disease, we were unable to include 
sufficient cases to validate this model. Studies regarding the diagnosis of infection in 
liver failure are still limited, thus studies with a large sample size are needed to 
validate this scoring system.

In conclusion, a novel scoring system comprised of N%, CRP and PCT is useful for 
the diagnosis of bacterial infection in ACLF.

ARTICLE HIGHLIGHTS
Research background
Patients with acute-on-chronic liver failure (ACLF) are prone to have bacterial 
infection. However, the diagnosis of infection is difficult in the ACLF population due 
to their specific clinico-pathophysiological features.

Research motivation
Early detection of bacterial infection and timely treatment are crucial in the 
management of ACLF. Therefore, it is important to identify a new biomarker or to 
develop a model to improve diagnostic efficiency.

Research objectives
This retrospective study aimed to develop a novel scoring system containing common 
biomarkers for the identification of bacterial infection in ACLF.
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Research methods
This was a retrospective study. Procalcitonin (PCT), white blood cells (WBC), 
proportion of neutrophils (N%), and C-reactive protein (CRP) were examined. Logistic 
regression was used to select variables for the scoring models and receiver operating 
characteristic curve (ROC) analysis was used to evaluate the diagnostic value of 
different indices.

Research results
This study included 386 patients with ACLF, 169 (43.78%) of whom had bacterial 
infection on admission. The area under the ROC (AUROC) of PCT, CRP, WBC and N% 
for the diagnosis of bacterial infection ranged from 0.637 to 0.692, with no significant 
difference between them. Logistic regression showed that only N%, PCT, and CRP 
could independently predict infection. A novel scoring system (infection score) 
comprised of N%, PCT and CRP was developed. The AUROC of the infection score 
was 0.740, which was significantly higher than that for the other four indices (infection 
score vs N%, PCT, CRP, and WBC, P = 0.0056, 0.0001, 0.0483 and 0.0008, respectively). 
The best cutoff point for the infection score was 4 points, with a sensitivity of 78.05%, a 
specificity of 55.29%, a positive predictive value of 57.91% and a negative predictive 
value of 76.16%.

Research conclusions
The common indicators of infection, including WBC, N%, CRP, and PCT, did not 
perform well in ACLF as all the AUROCs were less than 0.7 and no differences were 
found between these indicators. A novel scoring system comprised of N%, PCT and 
CRP demonstrated higher accuracy for bacterial infection in ACLF than the indicators 
used alone.

Research perspectives
Further validation of this scoring system is required in prospective studies.
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