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Objective: Despite its high case-fatality risk, pyogenic liver abscess (PLA) lacks clear management guidelines in patients with 
negative microbial cultures. Our aim was to evaluate differences in clinical characteristics between patients with culture-negative liver 
abscess (CNLA) and those with culture-positive liver abscess (CPLA), and identify differences in the main causative pathogen.
Methods: In this study, we retrospectively collected medical records of PLA patients admitted to a teaching hospital from 
January 2010 to December 2019.
Results: In total, 324 PLA patients were enrolled in this study. Of these, 202 (62.3%) cases were confirmed cultural positive, 
including 109 patients (54%) and 20 (9.9%) patients infected with Klebsiella pneumoniae (K. pneumoniae) and Escherichia coli (E. 
coli), respectively. Patients in the CPLA group were older (p=0.029) and had higher prevalence of abscesses larger than 5 cm in 
diameter (p = 0.003), gas-forming rate (p = 0.016), and percutaneous drainage (p < 0.001) compared with CNLA group. Patients with 
CPLA had significantly longer hospitalizations than those with CNLA (p = 0.010). Nevertheless, there was no significant difference in 
in-hospital mortality between the two groups (p = 0.415). Compared with patients with E. coli, those with K. pneumoniae had higher 
incidence of diabetes mellitus (p = 0.041), solitary abscess (p < 0.001), localization in the right hepatic lobe (p = 0.033), abscess size 
larger than 5 cm (p < 0.001) and percutaneous drainage (p = 0.002), but mortality was not significantly different (p = 1.000).
Conclusion: No significant difference in in-hospital mortality was found between patients with CNLA and those with CPLA group. However, 
clinical characteristics and management were different between the main causative pathogens, including K. pneumoniae and E. coli.
Keywords: PLA, culture negative, culture positive, Klebsiella pneumoniae, Escherichia coli

Introduction
Pyogenic liver abscess (PLA) is a potentially life-threatening disease characterized by suppurating infections of the liver 
parenchyma with increasing incidence in many countries, including Korea, the United States, and China.1–3 Although 
specific medical interventions have contributed to significantly fewer deaths over the years, PLA mortality rate still 
remains relatively high, especially in Asia, where it is highest globally.4 The microbiology of PLA varies greatly, with 
Escherichia coli (E.coli), Klebsiella pneumoniae (K. pneumoniae), and Streptococcus spp. considered the most common 
causative organisms.5 In addition, multiple studies have shown that K. pneumoniae is the predominant pathogenic 
bacteria associated with PLA in Asia.6–8 Of the commonly used PLA treatment methods including antibiotic therapy, 
drainage, and surgery, antimicrobial treatment is the most important and first-line treatment. Pathogen identification and 
antimicrobial susceptibility data are essential for developing effective treatment regimens for PLA. Despite tremendous 
advances in microbiological diagnosis in recent years, the causative pathogen remains clearly undefined in many cases of 
liver abscess.9,10 Moreover, current research has focused more on culture-positive liver abscess (CPLA) patients than on 
culture-negative liver abscess (CNLA) patients. Consequently, it remains unclear whether the optimal treatment methods 
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for CPLA can be used with CNLA patients, especially antimicrobial therapy. The purpose of the present study was to 
evaluate differences in clinical characteristics, treatment and prognosis between CPLA and CNLA groups, and compare 
the profile of two of the most commonly associated bacterial pathogens.

Materials and Methods
Study Design
To assess the microbiological and clinical characteristics of PLA, all hospitalized patients diagnosed with PLA from 
January 1, 2010 to December 31, 2019 in a tertiary teaching hospital were included in a retrospective study. The study 
was approved by the Institutional Ethics Committee of Xiangya Hospital, Central South University (Approval 
No. 202005055) and the conduct of the study was in accordance to the Declaration of Helsinki. Retrospective data of 
included patients were collected from the electronic medical record system. No additional samples were collected from 
the patients. Therefore, the ethics committee did not require written informed consent from study subjects.

Study Patients
Our study included patients who met the following criteria: the presence of typical clinical symptoms of PLA, including fever 
and abdominal pain; ultrasonography, computed tomography (CT), and magnetic resonance imaging (MRI) evidence of liver 
abscess; laboratory findings showed elevated indicators of bacterial infection; and with blood culture or pus culture examina-
tions. Patients were excluded based on the following criteria: age <18 years, missing or incomplete clinical data, fungal liver 
abscess, amoebic liver abscess, and both blood culture and pus culture results were lacking. Neither the blood culture nor pus 
culture results showed no microbial growth was defined as CNLA, and if any is positive, the patient was classified as CPLA. 
Polymicrobial infection was characterized by the presence of two or more microorganisms in blood or pus specimens.

Data Collection
Microbiological and medical data of all patients hospitalized due to PLA were retrieved from the electronic medical 
record system. The following information was collected and recorded: demographic data (age and gender), comorbidities, 
clinical features (symptoms and signs), laboratory (blood routine examination and liver function) and imaging findings 
(Doppler ultrasound, CT, and MRI), microbiological findings (blood culture and pus culture), treatments, and hospita-
lization days and outcomes.

Microbiological Characterization
All blood samples and pus samples were sent to the central laboratory of Xiangya Hospital for processing. Microbial 
identification and antimicrobial susceptibility testing were performed using the VITEK2 automated system (BioMérieux, 
France). After the blood culture bottle was positive, smear immediately, and transfer to Colombian blood plate and chocolate 
plate (BioMérieux, France), and at the same time inoculate a set of anaerobic bags (BioMérieux, France). After a single pure 
bacterium was cultivated, the corresponding turbidity was collected for the identification of the isolated bacterium. Drug 
susceptibility testing results were interpreted based upon the manual of Clinical and Laboratory Standards Institute.

Treatment Protocol
The treatment protocol for PLA in our institution was similar to the published literatures with some modifications.11 All 
patients with suspected PLA were firstly underwent ultrasonography, and CT or MRI were applied to confirm the results 
or examine complications. At least one set of blood culture were routinely performed in patients with PLA before 
administration of empiric broad-spectrum antibiotic agents. All patients in this study initially received intravenous 
empirical antimicrobial therapy. The empirical treatment options were third-generation cephalosporin or β-lactam/β- 
lactamase inhibitor combined with metronidazole according to the antimicrobial resistance surveillance data in our 
hospital. And we would adjust antibiotic therapy based on the cultures results and clinical, biochemical and radiologic 
assessments.
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Patients who meet any of the following criteria will undergo percutaneous aspiration/drainage: (1) size of PLA > 5cm, 
(2) PLA < 5 cm while showed poor response to antibiotics treatment. Surgical drainage was performed in patients 
complicated with hepatobiliary calculi or tumors.

Statistical Analysis
All statistical analyses were conducted using SPSS version 18.0. Continuous data were presented as mean ± standard 
deviation (SD) and categorical variables as percentages. Chi-square (χ2 test) or Fisher’s exact test was used as categorical 
variables were compared, whereas continuous variables were compared using Student’s t-test or Mann–Whitney U-test. 
All analyses were considered statistically significant at p < 0.05.

Results
Demographic Characteristics of the Study Participants
A total of 528 PLA patients hospitalized from 2010 to 2019 were identified in the hospital’s system. After excluding 
ineligible patients, ultimately 324 were included in this retrospective study (Figure 1). Among the patients, 51.2% were 
male, with a mean age of 54.8 ± 12.5 years. K. pneumoniae and E. coli were the most frequent pathogens detected in 109 
(54%) and 20 (9.9%) patients, respectively.

Clinical Characteristics of PLA Patients with CPLA versus CNLA
Demographic characteristics and clinical features of the patients with CPLA and CNLA are shown in Table 1. The mean 
age was 56.0 ± 11.8 years for the CPLA group, which was higher than 52.9 ± 13.5 years for the CNLA group (p = 0.029). 

Patients diagnosed with liver
abscess from 2010 to 2019 (n=528)

Excluded (n=204)
Age < 18 years;
Missing or incomplete clinical data;
Fungal liver abscess;
Amoebic liver abscess;
Both blood culture and pus culture results were lacking.

CNLA
(n=122)

CPLA
(n=202)

K. pneumoniae
(n=109)

E. coli
(n=20)

Others
(n=73)

Comparsion of demographic data, comorbidities, laboratory
and imaging findings, microbiological findings, treatments

and outcomes

Streptococcus n=13
Enterococcus n=8
Staphylococcus n=6
Pseudomonas aeruginosa n=4
Enterobacteriaceae n=3
Clostridium clostridioforme n=2
Gemellahaemolysans n=1
Pseudomonas diminuta n=1
Morganella morganii n=2
Roseomonas sp n=1
Polymicrobial n=32

Figure 1 Workflow of the study.
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Nevertheless, both groups did not differ significantly in terms of sex (p = 0.899). On the contrary, compared with the 
E. coli group, males were significantly higher in K. pneumoniae group (p = 0.001).

Comorbidities
Diabetes mellitus was the most common comorbidity, which showed a higher incidence in the K. pneumoniae group than in 
the E. coli group (59.6% vs. 35%, p = 0.041). Patients with K. pneumoniae had more fatty liver but the difference was not 
significant (19.3% vs. 5%, p = 0.216). Patients with E. coli had a higher incidence of liver cirrhosis (20% vs. 1.8%, p = 0.003), 
hepatobiliary calculi (65% vs. 23.9%, p < 0.001) and history of hepatobiliary surgery (50% vs. 11%, p < 0.001) than those with 
K. pneumoniae. Nevertheless, comorbidities did not differ significantly between the CPLA and CNLA groups (Table 1).

Clinical Features
The most common symptom was fever (n = 282, 87%), which occurred in 89.3% and 85.6% of patients the CNLA group 
and CPLA group, respectively. There was an increased incidence of cough among CNLA patients when compared to 
CPLA patients (19.7% vs. 10.9%, p = 0.028). In both K. pneumoniae and E. coli groups, fever was the most common 
symptom, at 89% and 80%, respectively. This was followed by chills (n = 85, 65.9%), abdominal pain (n = 62, 48.1%), 
nausea or vomiting (n = 30, 23.3%), and coughs (n = 17, 13.2%) in both groups. Abdominal pain was more prevalent 
among patients with E. coli than those with K. pneumoniae (75% vs. 43.1%, p = 0.009) but did not differ significantly 
between the CNLA group and the CPLA group (Table 1).

Laboratory and Imaging Findings
No significant difference was found in white blood cell count (p = 0.165), neutrophil percentage (p = 0.069), hemoglobin 
(HB) (p = 0.615) and total bilirubin (p = 0.120) between the CPLA and CNLA groups. As compared to patients in the 
CNLA group, the CPLA group showed significantly higher levels of alanine aminotransferase (ALT) and aspartate 
aminotransferase (AST) (p < 0.001), but significantly lower albumin levels (p = 0.013). Patients in K. pneumoniae group 
and E. coli group had similar laboratory values for white blood cell count (p = 0.198), percentage of neutrophils (p = 
0.874), albumin (p = 0.689), AST (p = 0.319), and total bilirubin (p = 0.164). However, ALT and HB levels were 
significantly higher in the K pneumoniae group (p = 0.006 and p = 0.008, respectively) (Table 2).

Table 1 A Comparison of the Clinical Characteristics of PLA Patients

Variables CPLA (n=202) CNLA (n=122) P value K. pneumoniae (n=109) E. coli (n=20) P value

Age (years), mean±SD 56.0±11.8 52.9±13.5 0.029 55.4±10.3 59.7±11.2 0.098
Sex, male, n (%) 119 (58.9) 71 (58.2) 0.899 71 (65.1) 5 (25.0) 0.001

Clinical symptoms/signs, n (%)

Fever 173 (85.6) 109 (89.3) 0.337 97 (89.0) 16 (80.0) 0.452
Chilly 116 (57.4) 82 (67.2) 0.080 73 (67.0) 12 (60.0) 0.545

Nausea/vomiting 41 (20.3) 20 (16.4) 0.384 24 (22.0) 6 (30.0) 0.625

Abdominal pain 99 (49.0) 63 (51.6) 0.646 47 (43.1) 15 (75.0) 0.009
Cough 22 (10.9) 24 (19.7) 0.028 16 (14.7) 1 (5.0) 0.414

Comorbidities, n (%)
Hypertension 40 (19.8) 24 (19.7) 0.977 24 (22.0) 4 (20.0) 1.000

Diabetes mellitus 88 (43.6) 42 (34.4) 0.104 65 (59.6) 7 (35.0) 0.041

Fatty liver 26 (12.9) 21 (17.2) 0.282 21 (19.3) 1 (5.0) 0.216
HBV+HCV 16 (7.9) 6 (4.9) 0.298 5 (4.6) 1 (5.0) 1.000

Liver cirrhosis 10 (5.0) 5 (4.1) 0.724 2 (1.8) 4 (20.0) 0.003

Hepatobiliary calculi 66 (32.7) 41 (33.6) 0.863 26 (23.9) 13 (65.0) <0.001
History of hepatobiliary surgery 39 (19.3) 24 (19.7) 0.936 12 (11.0) 10 (50.0) <0.001

Tuberculosis 4 (2.0) 0 (0) 0.301 3 (2.8) 1 (5.0) 0.495
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Imaging results showed that patients in the CPLA group were more likely to suffer from gas formation (p = 0.016) 
than those in the CNPA group. Besides, no significant difference was observed in the count of abscesses and intrahepatic 
location of abscesses between the two groups. Additionally, abscesses larger than 5 cm in diameter were more prevalent 
in patients with CPLA than those with CNLA (p = 0.003). Single abscess was five times as common as multiple 
abscesses in patients with K. pneumoniae, and a higher proportion of patients with K. pneumoniae had single abscess 
than those with E. coli (83.5% vs. 45%, p < 0.001). Compared with patients with E. coli, patients with K pneumoniae had 
a higher prevalence of abscesses in the right lobe (77.1% vs. 50%,) but less abscesses in left lobe and both lobes (11.9% 
vs. 20%, 9.2% vs. 30%, respectively) (p = 0.033). Patients with K. pneumoniae group more frequently had abscesses 
greater than 5 cm in diameter than those with E. coli group (p < 0.001) (Table 3).

Microbiological Findings and Treatments
Blood and pus cultures were taken from 184 and 231 patients, respectively. Of these, blood sample was positive in only 
38 cases whereas pus sample was positive in 175 cases. Among patients with CPLA, a higher number of PLA patients 
were infected with K. pneumoniae than E. coli (54% vs. 9.9%). Among K. pneumoniae cultures, only 19 cases (17.4%) 
showed multidrug resistance, whereas the remaining K. pneumoniae were sensitive to all antibiotics except ampicillin. 
By contrast, 13 (65%) of E.coli cultures exhibited multidrug resistance.

Most commonly used antibiotics including carbapenems, third-generation cephalosporin, β-lactam/β-lactamase inhi-
bitor and metronidazole. No significant difference in antimicrobial therapy regimen was observed between the CNLA 
group and CPLA group. However, a significantly higher percentage of patients with CPLA received percutaneous 
drainage (n = 140, 69.3%) than those with CNLA (n = 57, 46.7%) (p < 0.001). Likewise, among patients with 

Table 2 Comparison of Laboratory Findings in PLA Patients

Variables CPLA (n=202) CNLA (n=122) P value K. pneumoniae (n=109) E. coli (n=20) P value

WBC (*10^9/L) 12.5 (7.7) 10.9 (6.0) 0.165 12.1 ± 4.9a 13.7± 5.9a 0.198
Neutrophil count (%) 81.1 (11.7) 80.3 (11.9) 0.069 80.4 ± 10.7a 80.0 ± 11.4a 0.874

ALB (g/L) 28.5 (7.9) 30.0 (10.1) 0.013 28.5 (8.1) 26.5 (11.7) 0.689

ALT (U/L) 42.3 (57.5) 31.8 (33.0) <0.001 50.5 (64.1) 34.4 (22.1) 0.006
AST (U/L) 42.9 (51.2) 29.0 (22.0) <0.001 43.8 (44.3) 32.8 (44.1) 0.319

TB (umol/L) 15.3 (20.6) 12.7 (16.5) 0.120 15.1 (15.4) 19.9 (42.0) 0.164

HB (g/L) 106.3 ± 20.8a 105.7 ± 21.0a 0.615 109.6 ± 13.9a 96.6 ± 20.9a 0.008

Note: aRepresents mean ± SD, the rest are represented by median (IQR). 
Abbreviations: WBC, white blood cell; ALB, Albumin; TB, total bilirubin; HB, Hemoglobin.

Table 3 Comparison of Imaging Findings for PLA Patients

Characteristic CPLA (n=202) CNLA (n=122) P value K. pneumoniae (n=109) E.coli (n=20) P value

Count of abscess, n (%)
Solitary 150 (74.3) 81 (66.4) 0.129 91 (83.5) 9 (45.0) <0.001

Multiple 52 (25.7) 41 (33.6) 18 (16.5) 11 (55.0)

Location of abscess, n (%)
Left lobe 31 (15.3) 21 (17.2) 0.632 13 (11.9) 4 (20.0) 0.033

Right lobe 142 (70.3) 80 (65.6) 84 (77.1) 10 (50.0)

Both lobes 27 (13.4) 18 (14.8) 10 (9.2) 6 (30.0)
Caudate lobe 2 (1.0) 3 (2.5) 2 (1.8) 0

Gas in abscess, n (%) 19 (9.4) 3 (2.5) 0.016 14 (12.8) 0 0.191

Abscess size*(cm), n (%)
< 5 40 (19.8) 43 (35.2) 0.003 11 (10.1) 11 (55.0) <0.001

5–10 119 (58.9) 65 (53.3) 72 (66.1) 4 (20.0)

> 10 43 (21.3) 14 (11.5) 26 (23.8) 5 (25.0)

Notes: *Abscess size was determined by the maximum cavity diameter of the abscess or the largest abscess in multiple abscesses.
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K. pneumoniae, percutaneous drainage was more prevalent than among those with E. coli (Table 4). Similar to previous 
study,12 there were more males in the group of percutaneous drainage combined antibiotics group than the antibiotics 
alone group. Meanwhile, PLA patients treated with percutaneous drainage had larger abscesses and lower total bilirubin 
levels than those treated with antibiotics alone. Then, the multivariate analysis showed that males (OR 2.009, P = 0.013), 
large abscesses (OR 1.032, P < 0.001) and low total bilirubin levels (OR 0.992, P = 0.045) were significantly correlated 
with percutaneous drainage (Supplementary Table 1).

Outcomes
Five cases died from septic shock or multiple organ failure. Overall in-hospital mortality was 1.9% (n = 6) and there was 
no significant difference in mortality between the CPLA group and CNLA group. However, hospital stay for CPLA 
patients was significantly longer compared with the CNLA group (Table 4).

Mortality rate in patients infected by K. pneumoniae was higher than in those infected by E.coli, but this difference 
was not significant (p = 1.000). Besides, no significant difference was detected in hospitalization days between patients 
with K. pneumoniae infections and those with E.coli infections (Table 4).

Discussion
The microbiologic etiology of PLA varies by geographic location. Streptococcus milleri was the most common 
pathogenic bacterium of PLAs in Europe,13 Canada14 and North America.15 However, several clinical studies have 
identified K. pneumoniae as the most common pathogen in mainland China.2,16–18 In the present study, among the 
pathogens responsible for PLA, K. pneumoniae is the most common, followed by E.coli, which is consistent with 
findings of previous studies from mainland China.

In our study, the main comorbidities for PLA patients were diabetes mellitus, hypertension, and history of hepato-
biliary surgery, which is consistent with other studies.2,17 Patients with PLA were most commonly infected with 
K. pneumoniae, which showed a higher prevalence in diabetic patients.2,16,19–21 Consistent with these findings, we 
found that K. pneumoniae was the most common pathogen with a higher predominance in patients with diabetes mellitus 
compared with E.coli. Diabetes mellitus can promote bacterial growth because of impaired neutrophil activity and 
phagocytic function, as well as poorly controlled glucose levels.22 Therefore, good glycaemia control is crucial for 
effective management of patients with PLA caused by K. pneumoniae. Furthermore, patients with E.coli group had 
a higher prevalence of history of hepatobiliary surgery compared with those with K. pneumoniae. Since PLA patients 
with E.coli were more likely to have history of hepatobiliary surgery, it is reasonable to conclude that biliary tract 
infection is a risk factor for E.coli infection in PLA patients.2,20

A gas-forming abscess is a rare clinical symptom of liver abscess that is generally associated with high mortality rate. 
Lee et al23 and Yang et al24 suggested that the mortality of gas-forming abscess could be as high as 32% and 30%, 
respectively. In our study, patients with CPLA had higher gas-forming rates than those with CNLA. It is important to 
note, however, that CPLA and CNLA groups had no significant differences in prognosis. This finding was consistent with 

Table 4 Comparison of Treatment and Prognosis in PLA Patients

Characteristic CPLA (n=202) CNLA (n=122) P value K. pneumoniae (n=109) E. coli (n=20) P value

Treatment
Percutaneous drainage, n (%) 140 (69.3) 57 (46.7) <0.001 89 (81.7) 9 (45.0) 0.002

Surgical drainage, n (%) 20 (9.9) 8 (6.6) 7 (6.4) 4 (20.0)

Antibiotics only, n (%) 42 (20.8) 57 (46.7) 13 (11.9) 7 (35.0)
Clinical outcomes

Cured, n (%) 197 (97.5) 121 (99.2) 0.415 106 (97.2) 20 (100) 1.000

Death, n (%) 5 (2.5) 1 (0.8) 3 (2.8) 0
Hospitalization days 17 (11)b 14 (8)b 0.010 17.1±9.2a 18.1±9.3a 0.658

Notes: aRepresents mean ± SD, bRepresents median (IQR).
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the propensity score analysis of Chan KS et al11 who showed that presence of gas may not have impact on outcomes. 
Patients with K. pneumoniae had a higher prevalence of single abscess predominantly located in the right lobe with 
a diameter of 5–10 cm, which was different from a previous study.2 This localization may be because the right liver lobe 
is the largest and is more inclined to receive the most blood flow from the portal vein and hepatic artery.9 In addition, 
bloodstream infections in patients with K. pneumoniae were the most common origin of infection.2

Treatment of liver abscesses is usually initiated before the pathogen is identified. Current antimicrobial guidelines 
generally recommend empiric therapy targeting gram-negative bacilli, gram-positive cocci, and anaerobes, with antibiotic 
choice based on host factors and local microbial prevalence. In previous studies,7 third-generation cephalosporins were 
the most commonly used antimicrobial agents. However, this finding was unsupported by our study, as the most 
frequently used antibiotics in the hospital were carbapenems. The reason for this antibiotic choice was that common 
pathogens, including E.coli, exhibited significant multidrug resistance. In addition, some inpatients in our hospital were 
transferred from other hospitals and may have used various other broad-spectrum antibiotics. Taking into account the 
proportion of patients treated percutaneously, the number of patients with K. pneumoniae–infected PLA was significantly 
higher than that of E.coli–infected PLA patients. The fact that the right lobe liver is the largest liver lobe, and relatively 
easy located and aspirated to avoid damage to major vessels and bile ducts account for this difference.20

As a life-threatening, intra-abdominal infection, PLA can result in high mortality (6% to 14%).25–28 In these studies, 
several factors were associated with PLA mortality, including age, sex, comorbidities, and prompt treatment. However, in 
our study, the overall hospital mortality was lower than that reported in previous studies, which might be related to the 
choice and practice time of the treatment strategies including the empiric antibiotics carbapenems,28 percutaneous 
drainage,26 and surgical drainage.28 In addition, it may also be related to the fact that the patient received early antibiotic 
treatment in other hospitals before being transferred to our hospital.

In the current study, we compared the demographics information, underlying diseases, clinical characteristics and 
management strategies between the CNLA and CPLA patients. Similar to findings of Shelat VG et al,29 we found that the 
age and ALT and AST levels were significantly different while the prognosis was comparable between CNLA and CPLA 
patients. However, the CPLA patients in the study of Shelat VG et al were only K. pneumoniae PLA patients, while in 
our study the CPLA were PLA patients with diverse pathogens including K. pneumoniae, E. coli and the like. Moreover, 
we have comprehensively compared with the properties of abscess including the location and degrees of sizes in our 
study. Despite the comparable in-hospital mortality between patients with CNLA and CPLA, we found length of stay was 
longer in CPLA compared to CNLA, which may be associated with age is older in CPLA group. The study of Chan KS 
et al30 suggested that age may be an independent predictor of hospitalisation stay in PLA while showed no impact on 
morbidity and mortality. In the current study, the proportion of CNLA patients was relatively high, this finding might 
partly attribute to the low positive rate of blood culture for the followed reasons. On the one hand, some of the patients 
were treated with antibiotics before hospitalization leading to low number of viable bacteria in abscess and blood 
cultures. On the other hand, the traditional culture-based methods were not suitable for fastidious pathogens. Therefore, 
when clinicians encounter CNLA patients, multiple blood cultures were recommended. And pus cultures were needed to 
improve the positive rate of bacterial cultures. Meanwhile, new technologies such as next-generation sequencing could be 
complemented with conventional culture method to identify more unique pathogens. In addition, no significant difference 
was found between CPLA and CNLA group in the type of use of the antibiotics. We speculated that similar antibiotic 
choices were used for CNLA and CPLA groups. In other words, since K. pneumoniae was the most common pathogen of 
PLA, we proposed that when clinicians encounter patients with CNLA, K. pneumoniae should be considered as the 
potential pathogen and choose the treatment strategy by referring to the K. pneumoniae PLA.

This study has some limitations that need to be considered. First, this was a retrospective study conducted at a single 
center and the results may not be generalizable to other populations. Second, some patients may have received antibiotics 
in other hospitals before completing blood and pus cultures in our hospital, which affects the positive rate of pus and 
blood cultures and the choice of antibiotics.
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Conclusions
Our study revealed that K. pneumoniae and E.coli were the predominant pathogens of PLA in patients with differential 
demographics and underlying diseases and showed distinct clinical characteristics and management strategies. Despite 
the longer duration of hospital stay in CPLA group than CNLA group, the in-hospital mortality was comparable. 
Interestingly, our findings suggested that the choice of in CNLA group was similar to that of K. pneumoniae group.

Abbreviations
ALT, alanine aminotransferase; AST, aspartate aminotransferase; CNLA, culture-negative liver abscess; CT, 
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