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Objective: To analyze the clinical features of elderly patients with blood culture-positive bacterial liver abscess (BLA) and improve diagnostic and treatment strategies.

Methods: Elderly BLA patients admitted to our hospital from December 2018 to December 2023 were included in the study. Diagnostic tests included routine blood analysis, biochemistry, C-reactive protein (CRP), procalcitonin (PCT), imaging, and cultures of blood or pus. Treatments involved anti-infective therapy, ultrasound-guided abscess drainage, and supportive care.

Results: (1) Elderly patients with blood culture-positive BLA had higher rates of prolonged hospital stays (≥2 weeks), ICU admission, biliary system diseases, hepatitis B infection, maximum body temperature ≥ 39°C, and qSOFA scores ≥2 compared to controls (p < 0.05)0. (2) Laboratory findings showed higher levels of total bilirubin (≥34.2 μmol/L), ALT (≥50 U/L), serum creatinine (≥80 μmol/L), PCT (≥5 ng/mL), and lower platelet counts (≤100 × 109/L) in the research group (p < 0.05). ESBL-positive cases and liver abscesses ≤5 cm were more common in the research group (p < 0.05). (3) Complications such as pleural effusion, ascites, pulmonary infections, and extrahepatic abscesses were significantly more frequent in the blood culture-positive group (p < 0.05). (4) Microbiological analysis indicated that Klebsiella pneumoniae was the leading pathogen (87.93%), followed by Escherichia coli. For ESBL-positive infections, E. coli was dominant (75.76%), especially in patients with biliary diseases (75.56%). (5) Logistic regression identified prolonged hospital stay, hepatitis B infection, biliary system diseases, temperature ≥ 39°C, PCT ≥5, and abscess size ≤5 cm as independent risk factors for blood culture-positive BLA. (6) The combined diagnostic indicator showed good predictive ability (AUC = 0.840, sensitivity 76.6%, specificity 72.2%).

Conclusion: Elderly patients with biliary diseases, hepatitis B, high PCT levels (≥5 ng/mL), small abscesses (≤5 cm), and fever (≥39°C) are at higher risk for blood culture-positive BLA. Klebsiella pneumoniae remains the predominant pathogen (87.93%), highlighting the need for prompt empirical antibiotic therapy. The combined diagnostic model offers reliable predictive value for this condition. We developed a predictive model aimed at assisting clinicians in identifying high-risk patients prone to bloodstream infections secondary to BLA. This model provides valuable guidance for clinicians in formulating more rational and individualized treatment strategies.
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1 Introduction

Bacterial liver abscess (BLA) is a localized necrotizing disease characterized by liquefactive necrosis of liver tissue resulting from the invasion of pathogenic bacteria. The incidence of BLA has been increasing annually. BLA presents with a range of non-specific symptoms, such as fever, upper right abdominal pain, nausea, and vomiting. The clinical manifestations of liver abscesses have also changed over the years because of the overuse of antibiotics, with an increased incidence of resistance to bacteria as well as a higher prevalence of patients with chronic or malignant diseases, likely because of aging populations around the world. (1, 2). When a liver abscess is complicated by severe conditions such as bloodstream infections, sepsis, septic shock, and multiple organ failure, failure to receive timely diagnosis and treatment may pose a significant threat to the patient’s life (3, 4). Bloodstream infection, as one of the common complications in patients with bacterial liver abscess, has a critical impact on the progression of the disease and the prospects for recovery (5). This study selected 290 elderly patients with BLA admitted to our hospital from December 2018 to December 2023, including 145 patients with positive blood cultures and 145 patients with negative blood cultures. The aim was to discuss the clinical characteristics of elderly patients with bacteriological liver abscess and the risk factors associated with the occurrence of the disease, in order to provide a scientific basis for clinical prevention and treatment. Our study has also developed a predictive model to assess the likelihood of secondary bloodstream infections in elderly patients with liver abscess.



2 Materials and methods


2.1 General information

Among the patients with BLA at our hospital, we screened 343 elderly patients diagnosed and treated from December 2018 to December 2023. Following a rigorous review of data completeness, 11 patients with incomplete records were excluded. Propensity score matching was performed based on age and sex, resulting in the inclusion of 290 patients in the final analysis, comprising 182 males and 108 females. Based on the results of blood cultures and drainage fluid bacterial cultures (where the same bacterial species was identified in both the blood and drainage fluid cultures of the same patient), patients were categorized into a blood culture-positive group and a blood culture-negative group. All patients received standard antibacterial treatment, along with percutaneous abscess drainage, as well as other necessary symptomatic supportive care. The patients included in this study were required to meet the following criteria: (1) patients who presented to our hospital for their initial consultation after disease onset and were aged >60 years; (2) presence of typical symptoms such as fever, and a diagnosis of liver abscess confirmed through imaging examinations; (3) positive results in blood cultures and/or abscess puncture fluid cultures. The exclusion criteria included: (1) patients with positive bacterial culture results indicating infections caused by special pathogens such as fungi or Mycobacterium tuberculosis; (2) the clinical and diagnostic records of the patient are incomplete. This study has received formal approval from the Ethics Committee of the First Affiliated Hospital of Wenzhou Medical University (Ethics Approval Number: KY2024-R254).



2.2 Methods

We systematically collected and organized a series of key information regarding patients through the hospital’s electronic medical record system. This information encompasses the patients’ demographic data. Such information includes general demographics, hematological test data, and results of other specific assays. These assays include C-reactive protein (CRP) and procalcitonin (PCT) tests. Additionally, bacterial culture results, radiological findings, patients’ symptoms and signs, comorbidities, and details of underlying diseases are also included.



2.3 Statistical analysis

This study utilized SPSS 27 statistical software for comprehensive data analysis and processing. For continuous data that were normally distributed, we presented the results as means and standard deviations (x ± s) and applied t-tests to assess differences. For data that did not conform to a normal distribution, we represented the results using medians and interquartile ranges [M (Q25, Q75)] and employed the Mann–Whitney U test to evaluate differences. Categorical data were expressed as percentages (%) and analyzed using the χ2 (chi-square) test to determine statistical significance. The core of the study lies in comparing the clinical characteristics of elderly patients with BLA who tested positive for blood cultures versus those who tested negative. Based on this comparison, we conducted a thorough analysis of the factors associated with positive blood cultures in elderly patients with BLA. In addition, we employed a logistic regression model to further identify the independent risk factors associated with positive blood cultures in elderly patients with BLA. A p-value of less than 0.05 was considered to indicate statistical significance. To provide a more intuitive assessment of the predictive efficacy of each indicator, we also constructed receiver operating characteristic (ROC) curves, which served as a reference for a comprehensive evaluation of the predictive value of the various indicators. Combined Index = 1.301 × (Liver Abscess ≤5 cm) + (−0.947) × (Coexisting Biliary Tract Disease) + (−1.514) × (Coexisting Hepatitis B Virus Infection) + 1.013 × (Maximum Temperature ≥ 39°C upon Admission) + 1.999 × (PCT ≥ 5 ng/mL) + (−0.364).




3 Results


3.1 Comparison of general characteristics and clinical conditions between the two groups

The two groups of patients were comparable in terms of age, sex, and composition, as well as the incidence of diabetes, hypertension, and malignant tumors, with no statistically significant differences observed (p > 0.05). However, the bloodstream-positive group exhibited a higher prevalence of ICU admission, coexisting biliary tract diseases, coexisting hepatitis B virus infection, length of hospital stay ≥2 weeks, maximum temperature ≥ 39°C upon admission, and qSOFA score ≥ 2 compared to the control group, with statistically significant differences noted (p < 0.05) (Tables 1, 2).



TABLE 1 The general characteristics and ICU admission status of elderly patients with BLA in both groups.
[image: Table1]



TABLE 2 The general conditions and ICU admission status of elderly BLA patients in the two groups after propensity matching.
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3.2 Significant differences in laboratory indicators between two groups

The bloodstream-positive group exhibited significantly higher counts in total bilirubin ≥34.2, ALT ≥50, serum creatinine ≥80, PCT ≥ 5, platelet count ≤100, and the number of ESBL-positive cases compared to the control group, with statistically significant differences observed (p < 0.05) (Table 3).



TABLE 3 The laboratory test parameters of elderly patients with BLA in both groups.
[image: Table3]



3.3 Comparison of liver abscess size and related characteristics between the two groups

The proportion of liver abscesses measuring between 5 and 10 cm was significantly lower in the bloodstream-positive group compared to the control group, while the proportion of liver abscesses ≤5 cm was significantly higher in the bloodstream-positive group than in the control group, with statistically significant differences noted (p < 0.05). Conversely, there were no statistically significant differences observed between the two groups regarding liver abscesses ≥10 cm, the number of liver abscesses, their locations, and the presence of septations within the abscesses (p > 0.05) (Table 4).



TABLE 4 The characteristics of size and location of BLA in elderly patients in both groups.
[image: Table4]



3.4 Comparison of complication occurrence between the two groups

The incidence of pleural effusion, ascites, pulmonary infection, and extrahepatic abscesses was significantly higher in the bloodstream-positive group compared to the control group, with statistically significant differences observed (p < 0.05) (Table 5).



TABLE 5 The incidence of complications in two groups of elderly patients with BLA.
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3.5 Clinical characteristics and bacteriological analysis of PLA patients with ESBL-positive infections

(1) Bacteriological classification revealed that both groups were predominantly comprised of Klebsiella pneumoniae (87.93%), followed by Escherichia coli. (2) Among the cases that tested positive for extended-spectrum beta-lactamases (ESBL), E. coli was the most common pathogen (75.76%). Furthermore, patients with ESBL-positive infections were more frequently observed to have underlying biliary tract diseases (81.82%) (3) qSOFA score ≥ 2, presence of pleural effusion, ascites, total bilirubin ≥34.2 μmol/L, platelet count ≤100 × 109/L, and positive blood culture rates were significantly higher in BLA patients with ESBL-positive infections compared to those with ESBL-negative infections, with statistically significant differences (p < 0.05) (Tables 6–8).



TABLE 6 Distribution of pathogenic microorganisms in elderly patients with BLA.
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TABLE 7 The distribution of bacteria and major underlying comorbidities in elderly patients with ESBL-positive BLA.
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TABLE 8 Comparison of underlying diseases, complications, and laboratory indicators between ESBL-positive and ESBL-negative elderly BLA patients.
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3.6 Analysis of risk factors for positive blood culture bacterial liver abscess in elderly patients

With blood culture results as the dependent variable (positive = 1, negative = 0), the following factors were included in the analysis: admission to the intensive care unit (yes), length of hospital stay ≥2 weeks, biliary tract disease (present), hepatitis B virus infection (present), pleural effusion (present), ascites (present), pulmonary infection (present), extrahepatic abscess (present), ALT ≥50, serum creatinine ≥80, PCT ≥5, platelet count ≤100, maximum temperature after admission ≥39°C, qSOFA score ≥ 2, and liver abscess size ≤5 cm. Logistic regression analysis was employed to identify the factors influencing positive bacterial blood cultures in elderly patients with bacterial liver abscesses. The results indicated that a hospital stay of ≥2 weeks, coexisting hepatitis B virus infection, presence of biliary tract disease, maximum temperature after admission ≥39°C, PCT ≥5, and abscess size ≤5 cm were identified as independent risk factors influencing the occurrence of positive bacterial blood cultures in elderly patients with bacterial liver abscesses (Tables 9, 10).



TABLE 9 Univariate logistic analysis of factors influencing the occurrence of positive blood cultures in elderly patients with BLA.
[image: Table9]



TABLE 10 The multivariable logistic analysis of factors influencing the incidence of positive blood cultures in elderly patients with BLA.
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3.7 Diagnostic efficacy of PCT and combined indicators for blood culture positive bacterial liver abscess

The area under the curve (AUC) for PCT ≥5 was 0.700 with a 95% confidence interval (CI) of 0.647–0.753; the sensitivity was 0.745 and the specificity was 0.655. In contrast, the AUC for the combined indicators was 0.840 with a 95% CI of 0.780–0.873; the sensitivity was 0.766 and the specificity was 0.722 (Table 11 and Figure 1).



TABLE 11 Area under the curve (AUC) for factors influencing the incidence of positive blood cultures in elderly patients with BLA.
[image: Table11]
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FIGURE 1
 Receiver operating characteristic (ROC) curve of factors affecting the occurrence of positive blood cultures in patients with bacterial liver abscess.





4 Discussion

Bacterial liver abscess is an acute infectious condition caused by the invasion of pyogenic bacteria into the liver (6). This disease is particularly prevalent among diabetic patients and the elderly population, and it is prone to complications such as bloodstream infections, sepsis, and septic shock. Delayed diagnosis or insufficient timely treatment may ultimately result in severe outcomes, including patient mortality. With the acceleration of population aging, the prevalence of diabetes and cancer patients has been steadily increasing, coupled with the widespread use of immunosuppressive agents, resulting in a rising incidence of BLA (7). Elderly individuals often suffer from multiple underlying health conditions, experience a decline in physiological function, and exhibit weakened immune responses. Furthermore, the diverse clinical manifestations of BLA, combined with a lack of distinct specificity, pose significant challenges for the early diagnosis and treatment of this condition (8). In recent years, the incidence of BLA has increased compared to previous years, with a notably high recurrence rate, particularly among elderly patients with multiple underlying health conditions (1, 6). Previous studies have identified that diabetic patients, individuals with biliary diseases, and those with hypertension are the primary populations affected by BLA (9–11), which is consistent with the findings of this study. This study further indicates that biliary disease is an independent risk factor for bloodstream infections in elderly patients with BLA. According to the literature, biliary diseases are not only a primary pathogenic cause of BLA but also a significant predictor of BLA recurrence, particularly in patients with a history of cholangitis (12). Moreover, this study also found that infection with hepatitis B virus (HBV) is an independent risk factor for bloodstream-positive BLA in the elderly. This association may be related to the tendency for HBV infection to progress to chronic hepatitis, liver cirrhosis, and even hepatocellular carcinoma. These pathological conditions may lead to the development of portal hypertension, portal vein thrombosis, or tumor thrombus, all of which are closely linked to the pathways of BLA formation, primarily through the biliary tract, hepatic artery, and portal vein.

This study emphasizes that for elderly patients presenting with high fever and a quick Sequential Organ Failure Assessment (qSOFA) score of 2 or higher, the presence of a liver abscess on imaging should raise a high suspicion for the possibility of bloodstream infection. It is imperative to closely monitor changes in the patient’s vital signs while actively implementing appropriate antimicrobial therapy and supportive symptomatic treatment measures. The study also found that the levels of bilirubin, alanine aminotransferase (ALT), and creatinine in these patients were significantly higher than those in the control group, with this difference being statistically significant (p < 0.05). This finding is consistent with the conclusions of previous studies conducted by Li et al. (3), Chan et al. (5), and Zhou et al. (13). Additionally, this study confirmed that a PCT level of ≥5 is an independent risk factor for positive bloodstream bacterial liver abscess in the elderly. Literature indicates that when the body encounters systemic or central nervous system inflammatory responses, the endotoxins released by pathogens can stimulate thyroid C cells, monocytes, and neuroendocrine cells, leading to a substantial increase in PCT secretion. Moreover, the level of PCT is significantly correlated with the severity, progression, or resolution of the infection (4, 14). This study demonstrates that the elevation of PCT levels is more pronounced in PLA patients within the bloodstream-positive group. For patients with compromised immune function or immunodeficiency, the elevated PCT levels provide a more reliable basis for formulating effective treatment strategies (12, 15). Furthermore, the degree of increase in plasma PCT levels may serve as an indicator for predicting the risk of adverse outcomes in patients, such as mortality or the need for admission to the intensive care unit (ICU) (16, 17).

The study found that, compared to the control group, the incidence of complications such as pulmonary infection, pleural effusion, abdominal effusion, and extrahepatic abscesses was significantly higher in the bloodstream-positive group. Among these, pulmonary infection and pleural effusion were the most prevalent complications, a finding that is consistent with the conclusions of the research conducted by Lee et al. (18) and Tian et al. (19). This phenomenon is primarily attributed to the ability of bacteria to disseminate to other tissues and organs via pathways such as blood vessels, lymphatic vessels, or adjacent tissues. Additionally, the lungs, as a crucial organ for receiving venous blood from the systemic circulation, possess capillaries that filter bacterial aggregates from the bloodstream, which may contribute to the high incidence of pulmonary infections. The results of this study indicate that a diameter of less than 5 centimeters for an abscess is a risk factor for the occurrence of BLA, which is consistent with findings from previous research (20). This may be related to the relatively slow accumulation process of pus in smaller abscesses, which allows sufficient time for bacteria to escape from the pus and subsequently infect surrounding tissues or disseminate to other locations via the bloodstream. In contrast, although larger abscesses can accumulate more pus, the higher internal pressure may hinder the bacteria’s ability to traverse the abscess wall and invade adjacent tissues.

The findings of this study reveal that K. pneumoniae constitutes the highest proportion in the microbiological profile of liver abscesses, accounting for 87.935%, followed closely by E. coli. This observation is in agreement with previous research (5, 9, 21). Considering that K. pneumoniae is a common opportunistic pathogen in both the respiratory tract and the gastrointestinal tract, and that the population studied primarily consists of elderly patients who often present with multiple underlying conditions such as diabetes, malignancies, and malnutrition, which contribute to immune dysfunction, this may be a significant factor underlying the persistently high infection rates of K. pneumoniae (10, 11). This study also observed that K. pneumoniae exhibited susceptibility to most β-lactam antibiotics, carbapenems, and quinolone antimicrobial agents, which aligns with the actual clinical treatment outcomes. In contrast, E. coli displayed a certain level of resistance to some β-lactam antibiotics, aminoglycosides, and quinolone antimicrobial agents. In this study, it was observed that ESBL-producing bacteria were predominantly composed of E. coli, accounting for 75.76%. In patients with ESBL-positive BLA, the incidence of thrombocytopenia, complications such as pleural effusion and ascites, the rate of positive blood cultures, and qSOFA scores ≥2 were significantly higher compared to those with ESBL-negative BLA. Therefore, in elderly patients with secondary biliary diseases accompanied by pleural and peritoneal effusion, elevated bilirubin levels, and thrombocytopenia, a high index of suspicion should be maintained for infection caused by multidrug-resistant E. coli. It is noteworthy that the study conducted by Ruiz et al. reported a susceptibility rate of over 90% for E. coli to carbapenem antibiotics such as imipenem (22); in contrast, this study found a susceptibility rate of 100%. Overall, E. coli demonstrates a high level of susceptibility to carbapenem antibiotics, with a relatively low resistance rate. Therefore, for critically ill patients with severe infections, this class of drugs can be administered as an initial empirical therapy prior to the identification of the causative pathogen, with subsequent adjustments to the treatment regimen based on the antimicrobial susceptibility profile of the isolated pathogen.

The combined diagnostic index for elderly patients with bacteremia-positive BLA yielded an area under the curve (AUC) value of 0.840, with a 95% confidence interval ranging from 0.780 to 0.873. The sensitivity was recorded at 0.766, while the specificity was 0.722. This performance surpasses that of PCT alone at a threshold of ≥5, which demonstrated an AUC of 0.700, indicating a significant predictive efficacy for elderly patients with bacteremia-positive BLA. For patients exhibiting a body temperature of 39°C or higher, with a bacterial liver abscess diameter of 5 centimeters or less, a PCT level of ≥5 ng/mL, and concurrent underlying biliary disease or hepatitis B virus infection, there is a significantly elevated likelihood of positive blood cultures. Therefore, it is imperative to closely monitor the vital signs of these patients and to enhance both anti-infective therapy and symptomatic supportive treatment. This approach aims to prevent hematogenous dissemination, which could lead to severe complications such as extrahepatic abscesses and even septic shock, thereby posing a significant risk to patient mortality.

In summary, in elderly patients with BLA who exhibit positive blood cultures, there is often a presentation characterized by higher body temperatures and elevated PCT levels, along with relatively smaller abscess sizes. Therefore, it is crucial to maintain a high level of vigilance regarding the potential for secondary bloodstream infections in this patient population, with the primary pathogens predominantly consisting of Gram-negative bacteria such as K. pneumoniae and E. coli. In terms of treatment, it is imperative to actively select antimicrobial agents effective against Gram-negative bacteria, such as carbapenems or β-lactamase inhibitor combination formulations, for empirical anti-infection therapy and symptomatic management. Once the patient’s condition improves, the treatment regimen should be adjusted based on the results of susceptibility testing.
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