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Pyogenic liver abscess (PLA) is a common global public health problem as it contributes to 13% of intra-abdominal

abscesses. With advancements in diagnostic microbiology, imaging technology, improved understanding of sepsis and

critical care, and minimally invasive image-guided interventions such as percutaneous drainage (PD), clinical outcomes

continue to improve; however, PLA-related mortality remains high, in the range of 10–30%. Klebsiella pneumoniae (KP) is

the leading causative organism for PLA, followed by Escherichia coli (EC). Klebsiella pneumoniae pyogenic liver abscess

(KPPLA) is associated with DM and gas formation, possibly impacting clinical outcomes.
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1. Introduction

Pyogenic liver abscess (PLA) is a common global public health problem as it contributes to 13% of intra-abdominal

abscesses . With advancements in diagnostic microbiology, imaging technology, improved understanding of sepsis and

critical care, and minimally invasive image-guided interventions such as percutaneous drainage (PD), clinical outcomes

continue to improve; however, PLA-related mortality remains high, in the range of 10–30% . Patient factors, disease

factors, and treatment-related factors determine the clinical outcomes of PLA. Patient factors include underlying

hypertension, diabetes mellitus (DM), Eastern Cooperative Oncology Group (ECOG) performance status, and Acute

Physiology and Chronic Health Evaluation (APACHE) II score . Disease factors include size, number of abscesses,

and presence of gas formation . Treatment-related factors include policies for PD, adoption of a liver abscess care

bundle, and compliance with the sepsis bundle with local antimicrobial stewardship initiatives .

Microbiology of PLA has also been shown to impact outcomes in PLA .  Klebsiella pneumoniae  (KP) is the leading

causative organism for PLA, followed by  Escherichia coli  (EC) .  Klebsiella pneumoniae  pyogenic liver abscess

(KPPLA) is associated with DM and gas formation, possibly impacting clinical outcomes . Some studies have also

reported that KPPLA is associated with solitary abscess allowing for easier PD , but this has been refuted by others .

Serious metastatic complications secondary to haematogenous seeding (e.g., endogenous endophthalmitis) have also

been reported with non-hypervirulent and hypervirulent strains, with a reported incidence of 3–11% . ECPLA is more

common in older patients and patients with underlying cardiac co-morbidity and biliary disease, and has been associated

with small and multiple abscesses, which could impact clinical outcomes . PLA due to other aetiologic organisms are

uncommon and are not widely compared with KPPLA. To date, there are isolated reports of outcomes of KPPLA or non-

KPPLA (N-KPPLA) from various institutes. 

2. Klebsiella pneumoniae  vs. Non-Klebsiella pneumoniae  Pyogenic Liver
Abscess

KP is the most common pathogen widely and increasingly implicated in the causation of PLA . Due to the unique

peculiarities of KP, it is possible that clinical outcomes of PLA could differ based on microbial aetiology. For example,

KPPLA is associated with metastatic complications, coined as KP invasive liver abscess syndrome (KPIS). KPIS was first

reported in the 1980s in Southeast Asia . Researchers' study validates this finding, with overall higher metastatic

complications in KPPLA than N-KPPLA (OR 2.95, 95% CI: 1.80, 4.84, p < 0.001). This phenomenon has been attributed

to the unique virulent characteristics of KP (coined as hypervirulent KP (hvKP)), which includes hypermucoviscosity

phenotype in K1 and K2 capsular serotypes, mucoviscosity-associated gene A (magA), and regulator of mucoid

phenotype A (rmpA) . Wang et al. showed a high prevalence of hvKP (89.1%) in their study on 131 KP isolates, with

increased expression of rmpA and aerobactin . Aerobactin allows KP to compete for iron sources in the host and plays
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an important role in the virulence of KP . Endophthalmitis, one of the metastatic complications of KPPLA, has also been

reported to be increasingly prevalent as a cause of endogenous endophthalmitis in Asia, ranging from 54–61% .

While researchers' meta-analysis failed to demonstrate a significant difference in endophthalmitis between KPPLA and N-

KPPLA (OR 2.80, 95% CI: 0.84, 9.34, p = 0.09), this is likely attributed to the small number of studies (n = 5) and low

incidence of endophthalmitis (KPPLA n = 20/1162 (1.7%) vs. N-KPPLA n = 1/297 (0.3%)). Similarly, researchers failed to

show higher incidence of brain abscess or meningitis in KPPLA; but caution should be taken to interpret these results due

to the low sample size and positive cases reported.

DM has been reported to be a risk factor for KPPLA . Researchers' meta-analysis similarly demonstrated a higher

incidence of DM in patients with KPPLA with pooled OR of 2.35. While higher metastatic complications of KPPLA have

been attributed to hvKP, it has been postulated that DM is a host susceptibility factor for metastatic complications .

Translational research by Lee et al. showed that DM is associated with a slight reduction in Th1 cytokine production in

mononuclear cells, which may impact efficient control and clearance of infection . DM also increases the expression of

G protein-coupled receptor kinase 2 (GRK2), which phosphorylates serine/threonine residues on CXCR2 (a G protein-

coupled receptor expressed on the neutrophil surface) , resulting in recycling or degradation of neutrophils . This

reduces the rolling, adhesion, and migration of neutrophils to the infection site , resulting in impaired clearance of

infection and may explain the higher incidence of metastatic complications in KPPLA.

Researchers' study also demonstrated lower mortality in KPPLA compared to N-KPPLA. This finding was similarly

described in narrative reviews and various studies . There are several factors which researchers need to

consider. Firstly, baseline demographics and illness severity may predispose N-KPPLA to worse outcomes. For instance,

Chen et al. in 2007, who studied 202 patients, showed higher, but not statistically significant mortality in ECPLA compared

to KPPLA (26% vs. 4%, adjusted OR 4.2, p = 0.105) . Multivariate analysis on predictors of mortality in ECPLA showed

that Acute Physiology and Chronic Health Evaluation (APACHE) II score and underlying malignancy were predictors of

mortality (adjusted OR 1.7, 95% CI: 1.1–2.6, p = 0.021, and adjusted OR 26 (95% CI: 1.8–370, p = 0.016), respectively)

. None of the individual studies showed significantly lower mortality in KPPLA than N-KPPLA. However, overall

mortality across all studies is about half in KPPLA compared to N-KPPLA (KPPLA: 3.9% vs. N-KPPLA 7.6%). Pooled OR

in researchers' meta-analysis also showed significantly lower mortality (OR 0.51, 95% CI: 0.34, 0.78,  p  < 0.001).

Repetitive testing of significance by pooling of results in the meta-analysis may have resulted in the rejection of null

hypothesis and type 1 error (i.e., demonstrating that there is statistically significant lower mortality in KPPLA even though

the results may not be significant). Therefore, cumulative analysis and TSA was performed to control for random errors.

Both methods showed that no further studies are required to demonstrate lower mortality in KPPLA, and the rejection of

the null hypothesis is not by chance. However, it cannot be determined if the lower mortality is due to fewer co-morbidities,

disease attributes, or due to differences in virulent factors.

Interestingly, while it was shown that overall metastatic complications are higher in KPPLA, KPPLA is associated with

lower mortality. Plausible explanations for higher overall metastatic complications have been described above: virulence

factors and host factors (i.e., DM causing impaired immune function). Impaired immune function secondary to DM has

resulted in higher mortality . This was not observed in researchers' study. The management of sepsis, particularly PLA

involves a multi-modal approach with an interdisciplinary team involving surgeons, interventional radiologists, infectious

disease physicians, and nurses . Apart from treatment with antibiotics, source control is crucial . Researchers showed

that KPPLA is associated with solitary and unilobar abscesses, which are more easily drained. This is reinforced by

researchers' findings that more KPPLA were likely to undergo PD (p = 0.01) and had a trend towards lower incidence of

SD (p = 0.11), though this did not reach statistical significance. SD is usually reserved for PLA refractory to less invasive

therapy (i.e., antibiotics, percutaneous aspiration, and/or drainage) . Researchers also found that KPPLA is associated

with multi-loculation. Some series have shown that multi-loculation results in the compartmentalization of abscesses and

may lead to poor drainage, requiring the need for SD for a breakdown of loculations . Multivariate analysis by Haider

et al. demonstrated that the presence of multiple abscesses is independently associated with primary failure of PD, but

not multi-loculation . This may explain why despite the association of KPPLA with multi-loculation, there is adequate

drainage with lower mortality.

An interesting consideration is that, while researchers showed KPPLA has lower mortality compared to N-KPPLA, KP is

not associated with lower mortality in other pathologies. For instance, Chan et al. demonstrated that KP bacteremia is

associated with higher 30-day mortality (OR 6.09, 95% CI: 1.27–29.10, p = 0.025) compared to Escherichia coli in acute

cholangitis . They postulated that higher mortality in KP bacteremia might be due to virulence factors and higher

antibiotic resistance in KP . A plausible explanation for the difference in findings between pathologies with the same

organism, i.e., KP, may be due to demographic and radiological differences. For instance, KPPLA is more common in

younger patients and in patients without underlying hepatobiliary disease or malignancy. Malignancy is a known predictor
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of poor prognosis in several infections; haematological malignancies result in dysfunctional white blood cells, which

reduces immunological function. Patients may also be on cytotoxic chemotherapy for solid organ malignancies, resulting

in an immunocompromised state . PLA of biliary origin has also been shown to be independently associated with

mortality . Underlying hepatobiliary diseases may result in co-existing biliary tract infections, resulting in worse

outcomes . While DM results in an immunocompromised state resulting in an increased risk of infections , it is also

more often associated with cryptogenic PLA, younger patients, and better outcomes . As mentioned above, there is

increasing antibiotic resistance in KP. A recent study on 370 isolates of KP showed detection of NDM-1, OXA-48, and

ESBL (TEM, SHV, and CTX-M) in two K2 serotypes of KP . While researchers' current results show lower mortality in

KPPLA, this may change in the future with multi-drug resistant strains.

Gas formation is an important radiological finding in PLA. Reports have associated the presence of gas formation, i.e.,

gas-forming PLA (GFPLA) with KP and higher mortality . A more recent study in 2020, however showed similar

mortality and incidence of KP between GFPLA and non-GFPLA . Researchers' meta-analysis failed to demonstrate

significant differences in GFPLA between KPPLA and N-KPPLA (OR 1.04, 95% CI: 0.59, 1.83, p = 0.90). Gas formation is

an imaging biomarker that is due to the fermentation of mixed acid within the abscess by formic hydrogenlyase, an

enzyme produced by certain bacteria . A narrative review in 2018 by Thng et al. on GFPLA showed that KP was more

common in GFPLA compared to non-GFPLA in various studies; for instance, Chou et al. studied 424 patients and showed

87.0% of patients with KPPLA had gas formation compared to 63.2% without gas formation . However, researchers'

study cannot confirm the clinical outcomes between GFPLA and non-GFPLA.

Researchers' study has its strengths. Researchers obtained a large overall sample size with 16 included articles and 5127

patients. Researchers' study also utilized cumulative analysis and TSA to control for random error and concluded that no

further studies are required to investigate mortality differences between KPPLA and N-KPPLA. However, researchers'

study also has limitations. Firstly, non-KP bacteria were grouped as “N-KPPLA”. No subgroup analysis was performed for

mortality in patients with metastatic complications versus no metastatic complications due to the low number of studies

reporting these outcomes. Researchers also did not analyze the virulence of KPPLA and non-KPPLA in the study (e.g.,

whether worse outcomes are due to K1 or K2 capsular serotypes) as these were not included in the studies which

compared outcomes of KPPLA versus non-KPPLA apart from one study . This also highlights the lack of reporting on

microbiology details alongside clinical outcomes and vice versa, and calls for multidisciplinary collaboration. KPPLA has

also been associated with the risk of subsequent colorectal cancer; however, this was only reported in one study, and

hence Researchers were unable to perform a quantitative analysis on the risk of colorectal cancer . While researchers

collected data on underlying hepatobiliary diseases and history of malignancy, the majority of included studies did not

specify the details, e.g., type of malignancy (hematological vs. solid organ) or whether the patient is on chemotherapy,

and these may confound outcomes. Lastly, the impact of local resource constraints, compliance to sepsis bundle,

implementation of antibiotic stewardship initiatives, and lack of antibiotic resistance data limits the generalizability of

researchers' results.
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