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Objective: Klebsiella pneumoniae liver abscess (KPLA) is an invasive infectious disease with a considerable prevalence and com-
plications. This study aimed to determine the predicted value of aspartate aminotransferase-to-platelet ratio index (APRI) and fibrosis- 
4 index (FIB-4) for positive blood cultures and sepsis in patients with KPLA.
Methods: We evaluated 248 consecutive participants diagnosed with KPLA. Demographic characteristics, clinical features, and 
laboratory test results of the participants were recorded. Multivariate logistic regression analysis was performed to identify the risk 
factors. Receiver operating characteristic (ROC) analyses were conducted to evaluate the discriminatory ability of APRI and FIB-4.
Results: 30.2% (75 of 248) KPLA patients presented with positive blood cultures, and 70 (28.2%) developed sepsis. Among the 
positive blood culture and sepsis groups, the APRI and FIB-4 showed statistically significant increases. Multivariate analysis showed 
that APRI (odds ratio [OR] = 1.190, 95% confidence interval [CI] 1.051–1.347, p = 0.006) and FIB-4 (OR = 1.110, 95% CI 1.046– 
1.179, p = 0.001) were independent prognostic factors for positive blood cultures. Both APRI (OR = 1.505, 95% CI 1.149-1.988, p = 
0.004) and FIB-4 (OR = 1.187, 95% CI 1.054-1.336, p = 0.005) were independent risk factors for sepsis. The area under the ROC 
curve (AUC) of APRI and FIB-4 for predicting positive blood cultures of KPLA was 0.783 and 0.766, respectively. APRI had an AUC 
of 0.801, with a sensitivity and specificity of 71.4% and 81.5%, respectively, for predicting sepsis in patients with KPLA, and the 
prediction performance of APRI was better than that of FIB-4 (AUC = 0.798).
Conclusion: In our study, APRI and FIB-4 are effective methods for predicting KPLA patients with positive blood cultures and 
sepsis.
Keywords: klebsiella pneumoniae liver abscess, positive blood culture, sepsis, aspartate aminotransferase-to-platelet ratio index, 
fibrosis-4 index

Introduction
Pyogenic liver abscess (PLA) is a common infectious disease of the digestive system that is caused by various pathogens. 
Klebsiella pneumoniae is the most common pathogen causing liver abscesses in East Asian countries, especially China 
and Korea.1,2 In the past 3 decades, there has been increasing evidence of KPLA, which has gained more and more 
clinical attention.3,4 KPLA is prevalent in diabetic patients and can cause extrahepatic metastatic complications such as 
sepsis, meningitis, endophthalmitis, and necrotizing fasciitis.5,6 Although the mortality rate of KPLA has decreased in 
recent years (from 3.5–20% to 2.8–10.8%), recent studies have shown that eye or neurological complications caused by 
KPLA could lead to unfavorable prognoses.7 Therefore, development of reliable and convenient predictive tools is 
crucial.
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The acute phase of PLA, accompanied by elevated levels of inflammatory markers, such as C-reactive protein (CRP) 
and procalcitonin (PCT), has been thoroughly studied. Compared with culture-negative PLA, culture-positive PLA 
presented more serious clinical characteristics.8 However, new biomarkers need to be explored. Noninvasive liver 
fibrosis scores, including the APRI and FIB-4, have traditionally been used to assess the presence and severity of liver 
damage and fibrosis. Studies have indicated that APRI and FIB-4 have potential predictive values in the prognosis of 
many diseases, including non-infectious and infectious diseases.9,10 Recent evidence indicates that liver fibrosis scores 
can predict the risks of cardiovascular mortality in coronary artery disease.9 A previous study indicated that the APRI can 
accurately and effectively predict the occurrence of sepsis-related liver injury.10 FIB-4 levels have also been associated 
with cardiovascular disease severity in patients with metabolic dysfunction-associated fatty liver disease.11

To date, there have been few studies on the association between liver fibrosis scores and prognosis in patients with 
KPLA. Therefore, in this study, we aimed to assess whether APRI and FIB-4 can be used as predictors of positive blood 
cultures and sepsis in patients with KPLA.

Material and Methods
Study Population
Patients admitted to Taizhou Hospital of Zhejiang Province and diagnosed with PLA were recruited between 
January 2013 and June 2023. The clinical diagnosis of PLA was based on the International Classification of Diseases, 
Clinical Modification 572.0. Patients who were identified with KPLA met the following criteria: (1) clinical symptoms, 
such as fever, chills, right upper abdominal pain, abdominal imaging showing liver abscess, and (2) Klebsiella 
pneumoniae bacterial cultures of blood or pus was Klebsiella pneumoniae. Patients were excluded: (1) age <18 years, 
(2) missing medical treatment data, (3) diagnosis of liver abscess as a complication (Figure 1). The clinical definition of 
positive blood culture included microbial growth within 72 h of admission.12 Sepsis was defined according to the Sepsis- 
3.0 criteria.13 This study was approved by the Institutional Medical Ethics Committee of Taizhou Hospital of Zhejiang 
Province.

Figure 1 Flowchart of patients included in this study.
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Microbiologic Data
Blood cultures were obtained within 24 h of admission and pus cultures were obtained using puncture-guided ultrasound. 
Blood cultures were incubated in the BacT/Alert (bioMeìrieux, France) system. Identifications and antimicrobial drug 
susceptibility of K. pneumoniae were used by VITEK 2 compact system (bioMeìrieux Vitek Inc., France). Clinical and 
Laboratory Standards Institute (CLSI) breakpoints were used to interpret antimicrobial susceptibility.

Data Collection
The clinical characteristics of all the included patients were retrospectively obtained from their electronic medical 
records. The researchers collected demographic (age and sex) and medical data, including clinical symptoms, complica-
tions, laboratory blood test data, treatment methods, antibiotic use, and clinical outcomes. 10mL of venous blood was 
collected within 24 h of admission. Routine blood tests were performed using BC-6800 plus an automatic blood cell 
counter (Mindray, China). Blood biochemical parameters were measured using an AU5800 automatic biochemical 
analyzer (Beckman Coulter, USA). PCT levels were quantified using Roche E801 (Roche, Switzerland). Coagulation 
was performed using a Fibrintimer II coagulometer and Multifibren U Kit (Stago, France).

The formulas for calculating the liver fibrosis scores are as follows:14

The upper limit normal of AST was 40 U/L in our hospital.

Statistical Analysis
Categorical variables are presented as frequencies and percentages, and non-normally distributed variables are presented 
as medians (interquartile range, IQR). Categorical variables were compared using the chi-square test or Fisher’s exact 
test, whereas non-normally distributed variables were compared using the Mann–Whitney U-test. The variables of the 
univariate analysis with p < 0.1 were imported into the multivariate logistic regression model to screen for potential risk 
factors. ROC curves were plotted to predict the efficacy of the liver fibrosis scores. The optimal cut-off values were 
assessed using the Youden index. Statistical analyses were performed by using SPSS 23.0 (SPSS Inc., Chicago, IL, 
USA). Statistical significance was set at p < 0.05.

Results
The baseline characteristics of the patients are summarized in Table 1. Among the 248 eligible patients, the median (IQR) 
age was 62.0(53.0-71.0) years, and male patients accounted for 63.7% (158/248). On bacteriologic analysis, blood 
cultures were obtained in 75 patients, with a positive culture rate of 30.2% and a positive pus culture rate of 83.1% (206/ 
248). The most common comorbidity in the patients with KPLA was diabetes mellitus (n=120, 48.4%), followed by 
hypertension (n=97, 39.1%). Additionally, 70 patients (28.2%) developed sepsis and 29 patients (11.7%) developed 
metastatic infections. Eventually, four patients had a poor prognosis.

The basic characteristics of the study groups are shown in Table 2. No differences were found in age, sex, body mass 
index, or symptoms between the positive and negative blood culture groups. There was a higher proportion of various 
underlying diseases such as chronic renal insufficiency, malignant tumors, and liver insufficiency (p < 0.05) in the 
positive blood culture group. Additionally, compared to the negative blood culture group, the positive blood culture 
group had a higher proportion of patients with a history of surgical surgery. Sepsis was associated with older age and 
higher BMI index. In addition, patients with sepsis showed higher rates of chronic renal insufficiency, liver insufficiency, 
vomiting, frailty, and diarrhea.

A comparative analysis of laboratory parameters between the different groups is presented in Table 3. PLT, blood urea 
nitrogen (BUN), creatinine (Cr), ALT, AST, total bile acid (TBA), CRP, PCT, APRI, and FIB-4 levels in patients with 
positive blood cultures were significantly higher than those in patients with negative blood cultures. By contrast, patients 
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with positive blood culture results had significantly lower albumin (ALB) levels. Compared to the non-sepsis group, the 
sepsis group had higher levels of BUN, Cr, ALT, AST, total bilirubin (TBIL), TBA, CRP, PCT, APRI, and FIB-4 and 
lower levels of PLT and ALB.

Table 1 Participant Characteristics for KPLA Patients

Characteristic Total cohort 
(n=248)

Age(years) 62.0(53.0-71.0)

Gender (male) 158(63.7)

BMI 24.2(21.8-26.0)
Positive blood culture 75(30.2)

Positive pus culture 206(83.1)

Comorbidities
Hypertension 97(39.1)

Diabetes mellitus 120(48.4)
Fatty liver 35(14.1)

Cholelithiasis 53(21.4)

Viral hepatitis 43(17.3)
Chronic renal insufficiency 27(10.9)

Malignancy 11(4.4)

Cardiovascular diseases 53(21.4)
Hepatic dysfunction 62(25.0)

Gastrointestinal surgery history 30(12.1)

Abscess location
Right lobe 141(56.9)

Left lobe 56(22.6)

Both lobes 51(20.5)
Abscess size(cm)
<5 65(26.2)

5-10 167(67.3)
>10 16(6.5)

Complications
Sepsis 70(28.2)
Sepsis shock 26(10.5)

Acute Respiratory Distress Syndrome 9(3.6)

Pleural effusion 16(6.5)
Spontaneous bacterial peritonitis 3(1.2)

Metastatic infections 29(11.7)

Duration of illness before admission, days 5.0(2.0-8.3)
Hospital length of stay, days 13.0(8.3-18.0)

Cost, RMB 14136.0(10472.0-20235.0)

ICU admission 25(10.1)
Treatment
Antibiotics alone 23(9.3)

Antibiotics+Percutaneous drainage 216(87.1)
Antibiotics+Surgical drainage 10(4.0)

Antibiotic drugs
Beta-lactamase inhibitors 119(48.0)
The third generation of cephalosporin 82(33.1)

Fluoroquinolone 77(31.0)

Carbapenems 175(70.6)
Clinical outcomes
Poor prognosis 4(1.6)
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Variables with significant differences (p < 0.1) in the univariate analysis, including age, sex, BMI, and comorbidities, 
were included in the binary regression analysis model. Multivariate analysis suggested that the APRI (OR = 1.190, 95% CI 
1.051–1.347, p= 0.006) and FIB-4 (OR = 1.110, 95% CI 1.046–1.179, p = 0.001) were significant independent variables for 
the prediction of positive blood cultures (Table 4). In addition, APRI (OR = 1.505, 95% CI 1.149-1.988, p = 0.004) and FIB- 
4 (OR = 1.187, 95% CI 1.054-1.336, p = 0.005) were independently associated with KLPA in patients with sepsis.

In the ROC analysis, the AUC of FIB-4 was 0.783(95% CI 0.724-0.842, cut-off point: 2.9), which was higher than 
that of the APRI 0.766 (95% CI 0.706-0.826, cut-off value: 0.7) between the positive and negative blood culture groups 
(Figure 2, Table 5). Between patients with and without sepsis, the APRI cut-off was 1.4, AUC 0.801(0.738-0.865) 
(p<0.001), and the FIB-4 cut-off was 3.3, AUC 0.798 (0.734-0.862) (p <0.001).

Discussion
KPLA is a life-threatening, invasive liver abscess. Approximately 20% of KPLA cases are complicated by extrahepatic 
metastatic infections.15 Studies have shown that non-liquefied KPLA is prone to septic shock, which may eventually lead 
to multiple organ failure and be life-threatening.16 To data, there are few clinical studies on KPLA and sepsis. Based on 
our previous research findings, KPLA patients with sepsis have higher rates of complications and metastatic infections.3 

Early warning biomarkers are essential for timely management of patients with KPLA to prevent the progression of 
metastatic infections. To our knowledge, this study is the first to demonstrate an association between liver fibrosis score 
and KPLA.

Table 2 Demographic Characteristics of KPLA Patients with Positive Blood Culture and Sepsis

Positive blood 
culture 
(n=75)

Negative blood 
culture 
(n=173)

p value Sepsis 
(n=70)

Non-sepsis 
(n=178)

p value

Age (years) 62.0(55.5-73.5) 62.0(52.0-69.0) 0.067 65.0(56.5-72.5) 62.0(52.0-69.8) 0.028
Gender (male), n (%) 48(64.0) 110(63.6) 0.950 48(68.6) 110(61.8) 0.318
BMI (kg/m2) 24.7(22.2-26.2) 23.9(21.7-26.0) 0.401 25.0(22.6-27.5) 23.9(21.7-25.8) 0.049
Comorbidities
Hypertension 33(44.0) 64(37.0) 0.299 34(48.6) 63(35.4) 0.056
Diabetes mellitus 38(50.7) 82(47.4) 0.636 35(50.0) 85(47.8) 0.750

Fatty liver 11(14.7) 24(13.9) 0.869 14(20.0) 21(11.8) 0.095
Cholelithiasis 16(21.3) 37(21.4) 0.992 13(18.6) 40(22.5) 0.500

Viral hepatitis 8(10.7) 35(20.2) 0.068 8(11.4) 35(19.7) 0.123

Chronic renal 
insufficiency

17(22.7) 10(5.8) <0.001 23(32.9) 4(2.2) <0.001

Malignancy 7(9.3) 4(2.3) 0.020 4(5.7) 7(3.9) 0.510

Cardiovascular diseases 21(28.0) 32(18.5) 0.094 18(25.7) 35(19.7) 0.295
Hepatic dysfunction 26(34.7) 36(20.8) 0.021 38(54.3) 24(13.5) <0.001
Gastrointestinal surgery 

history

14(18.7) 16(9.2) 0.037 8(11.4) 22(12.4) 0.840

Symptoms
Body temperature 

(≥38.5°C)

38(50.7) 83(48.0) 0.697 32(45.7) 89(50.0) 0.543

Fever 66(88.0) 143(82.7) 0.289 62(88.6) 147(82.6) 0.244

Chills 37(49.3) 78(45.1) 0.538 35(50.0) 80(44.9) 0.472

Abdominal pain 19(25.3) 66(38.2) 0.051 14(20.0) 71(39.9) 0.003
Nausea 15(20.0) 24(13.9) 0.223 16(22.9) 23(12.9) 0.053

Vomiting 12(16.0) 19(11.0) 0.272 14(20.0) 17(9.6) 0.025
Frailty 20(26.7) 39(22.5) 0.484 27(38.6) 32(18.0) 0.001
Diarrhea 4(5.3) 6(3.5) 0.496 6(8.6) 4(2.2) 0.033

Note: Bold type indicates statistical significance (p < 0.05).
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In our study, 248 KPLA patients were divided into positive and negative blood cultures, as well as sepsis and non- 
sepsis groups. On comparing the basic characteristics, the proportion of liver and kidney dysfunction in patients with 
positive blood cultures was significantly higher than that in the negative group. Similar results were observed for the 
sepsis group. Moreover, we found that higher values of AST, ALT, ALB, BUN, and Cr in patients with KPLA were 
associated with poor prognosis. Consistent with other studies,17 the results showed that among patients with KPLA, those 
with liver and kidney dysfunction were more likely to develop bacteremia and sepsis.

A recent study revealed that diabetic patients are more likely to develop liver fibrosis.18 Our results showed that the 
most common underlying disease was diabetes mellitus, accounting for 50.7% and 50.0% of the blood culture-positive 
and sepsis groups, respectively. Insulin regulates glucose intake in the liver. However, in patients with diabetes mellitus, 
insulin resistance can lead to lipid accumulation in the liver and abnormal glucose regulation, eventually resulting in liver 
fibrosis. Our findings suggest that patients with KPLA and diabetes should be promptly identified and treated 
accordingly.

Table 3 Laboratory findings of KPLA Patients with Positive Blood Culture and Sepsis

Positive blood culture 
(n=75)

Negative blood culture 
(n=173)

p value Sepsis 
(n=70)

Non-sepsis 
(n=178)

p value

WBC (109/L) 12.4(9.8-18.0) 11.7(9.6-15.3) 0.407 12.4(10.4-16.7) 11.7(9.5-16.1) 0.141

Hb (g/dL) 119(110-134) 117(107-127) 0.532 122(111-134) 117(105-130) 0.058

PLT (109/L) 116(83-189) 213(150-313) <0.001 104(77-171) 213(145-308) <0.001
BUN (mmol/L) 6.8(4.8-11.3) 4.7(3.6-6.1) <0.001 7.9(5.2-11.9) 4.7(3.6-6.1) <0.001
Cr (μmol/L) 74.0(60.0-95.0) 65.0(55.0-76.0) 0.004 83.0(67.8-107.0) 63.0(54.0-75.0) <0.001
ALT (U/L) 67.0(39.0-114.0) 45.0(27.0-82.0) 0.002 83.5(46.8-136.5) 43.0(26.0-77.8) <0.001
AST (U/L) 79.0(52.0-125.0) 39.0(24.0-88.0) <0.001 90.5(57.0-160.3) 38.5(25.0-77.3) <0.001
ALP (U/L) 159.0(108.0-220.0) 168.0(114.0-229.0) 0.580 152.0(100.0-217.5) 168.0(121.5-231.3) 0.082
TBIL (μmol/L) 17.1(11.6-31.8) 15.8(10.6-22.2) 0.091 20.2(13.5-42.0) 14.3(10.3-19.7) <0.001
TBA (μmol/L) 9.1(4.7-20.8) 5.2(2.6-8.6) <0.001 9.4(5.1-19.9) 5.1(2.7-9.0) <0.001
ALB (g/L) 28.9(24.8-31.4) 30.5(27.2-33.7) 0.014 28.6(24.2-31.1) 30.5(27.3-34.0) 0.002
CRP (mg/L) 185.7(145.6-254.7) 140.8(101.3-186.6) <0.001 192.1(141.8-265.3) 147.0(101.3-189.1) <0.001
PCT (ng/mL) 12.7(6.1-55.0) 1.3(0.4-5.7) <0.001 28.3(8.3-73.7) 1.6(0.5-5.3) <0.001
FIB (g/L) 6.4(5.3-7.6) 6.9(5.9-8.1) 0.058 6.4(5.2-7.9) 6.9(5.9-8.0) 0.083
TT (s) 16.6(15.6-17.5) 16.4(15.5-17.3) 0.250 16.5(15.6-17.2) 16.5(15.5-17.5) 0.870

APTT (s) 40.9(37.4-46.1) 42.4(38.2-45.9) 0.847 41.6(37.4-47.8) 41.9(38.1-45.3) 0.651

APRI 1.6(0.8 −3.7) 0.5(0.2-1.2) <0.001 2.2(0.9-5.2) 0.5(0.2-1.1) <0.001
FIB-4 4.6(3.0-11.3) 1.6(0.9-3.5) <0.001 6.8(3.0-12.1) 1.8(1.0-3.5) <0.001

Note: Bold type indicates statistical significance (p < 0.05). 
Abbreviations: WBC white blood cells, Hb hemoglobin, PLT platelets, BUN blood urea nitrogen, Cr creatinine, ALT alanine transaminase, AST aspartate 
transaminase, ALP alkaline phosphatase, TBIL total bilirubin, TBA total bile acid, ALB albumin, CRP C-reactive protein, PCT procalcitonin, FIB fibrinogen, TT 
thrombin time, APTT activated partial thromboplastin time, APRI Aspartate aminotransferase-to-platelet ratio index, FIB-4 Fibrosis-4 index.

Table 4 Univariable and Multivariate Analysis for KPLA Patients with Positive Blood Culture and Sepsis

Positive blood culture Sepsis

Baseline 
variables

Unadjusted OR 
(95% CI)

p value Adjusted OR 
(95% CI) *

p value Unadjusted OR 
(95% CI)

p value Adjusted OR 
(95% CI) *

p value

Model 1
APRI 1.251(1.097-1.427) 0.001 1.190(1.051- 

1.347)
0.006 1.436(1.223-1.685) <0.001 1.505(1.149- 

1.988)
0.004

Model 2
FIB-4 1.140(1.072-1.212) <0.001 1.110(1.046- 

1.179)
0.001 1.211(1.125-1.303) <0.001 1.187(1.054- 

1.336)
0.005

Notes: *Age, gender, BMI and comorbidities were included in multivariate analysis.Bold type indicates statistical significance (p < 0.05).
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The APRI and FIB-4 are widely used to assess liver injury and fibrosis. They included four variables: age, ALT, AST, 
and PLT levels. Hepatocyte damage caused by a liver abscess can lead to an increase in transaminase (especially AST 
and ALT) levels, and its high concentration may indicate necrosis or swelling of the liver. In infectious diseases, platelets 
are the major inflammatory effector cells, and bacteria can help platelets adhere or promote platelet aggregation.19 

Decreased PLT levels are early prognostic indicators of disease severity. Further evaluation demonstrated that high APRI 
and FIB-4 levels were independent risk factors for KPLA patients with positive blood cultures and sepsis. Non-invasive 
liver fibrosis scoring systems have also recently been reported to have a predictive value for adverse outcomes in patients 
with other non-liver diseases. A previous study by Dou et al reported that increased APRI predicts the development of 
sepsis-associated liver injury in children.20 He et al showed that the APRI on admission had predictive value in patients 
with hemorrhagic fever and renal syndrome.21 Xiong et al suggested that the liver fibrosis score (FIB-4 and APRI) could 
predict the risk of cardiovascular disease (CVD) in a hypertensive population.22

A recent study showed that sepsis patients with positive blood cultures had a higher severity of illness and mortality.12 

In the liver, it is very important to regulate immune defense through mechanisms such as bacterial clearance, production 
of acute-phase proteins or cytokines, and metabolic adaptation to inflammation. Nevertheless, the liver is also a target of 
sepsis-related injuries.23 Sepsis manifests as liver dysfunction. A positive blood culture in patients with KPLA indicates 
the presence of bacteria in the bloodstream. This finding also indicates an increased risk of sepsis. In this study, 40 of 
75 patients with KPLA with positive blood cultures developed sepsis. Our findings demonstrated that APRI and FIB-4 
had predictive values in patients with KPLA with positive blood cultures and sepsis. In this study, for positive blood 
culture KPLA, the AUC of FIB-4 was 0.783 compared to 0.766 for APRI. In the present study, it showed that APRI≥0.7 
and FIB-4≥2.9 were independently associated with positive blood culture, respectively. The optimal cutoff values for 

Figure 2 ROC curve of APRI and FIB-4 in the differential diagnosis of KPLA patients with positive blood culture (A) and sepsis (B).

Table 5 Diagnostic Value of APRI for KPLA Patients with Positive Blood Culture and Sepsis

Biomarker AUC (95% CI) Cut-off value Sensitivity (%) Specificity (%) p value

Positive blood culture

APRI 0.766(0.706-0.826) 0.7 81.3 63.0 <0.001
FIB-4 0.783(0.724-0.842) 2.9 77.3 72.3 <0.001
Sepsis

APRI 0.801(0.738-0.865) 1.4 71.4 81.5 <0.001
FIB-4 0.798(0.734-0.862) 3.3 74.3 74.2 <0.001

Note: Bold type indicates statistical significance (p < 0.05).
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APRI and FIB-4 in predicting sepsis among KPLA population was 1.4 and 3.3, respectively. However, 
APRI was better than FIB-4 in predicting early stage of sepsis. Therefore, we recommend routine APRI and FIB-4 
tests as promising tools for positive blood culture and sepsis in patients with KPLA to enable timely and effective 
management.

This study had several limitations. First, this was a single-center study, and bias could arise from the small sample 
size and the selection criteria. Large-sample multicenter studies on KPLA should be conducted in the future. Secondly, 
some patients were transferred from other hospitals and had a history of antibiotic use. The early use of antibiotics 
reduced the sensitivity of blood culture-positive detection.

Conclusion
In summary, a high proportion of patients with KPLA had positive blood cultures and sepsis. We provided evidence for 
significant associations between APRI, FIB-4, positive blood culture, and sepsis in patients with KPLA. Our results 
validated that the APRI and FIB-4 are useful predictive factors for patients with KPLA patients with positive blood 
cultures and sepsis.
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