Infection and Drug Resistance Dove

ORIGINAL RESEARCH

The New Changes of Epidemiology, Etiology, and
Clinical Characteristics of Pyogenic Liver
Abscesses: A Retrospective Study in a Hospital in
Northern China

JinHua Cui@®', YaMan Liu?, Jian Li'

'Department of Hepatobiliary Surgery, Affiliated Hospital of Chengde Medical College, Chengde City, Hebei Province, People’s Republic of China;
2Department of Gynaecology, Affiliated Hospital of Chengde Medical College, Chengde City, Hebei Province, People’s Republic of China

Correspondence: Jian Li, Department of Hepatobiliary Surgery, Affiliated Hospital of Chengde Medical College, Chengde City, Hebei Province,
People’s Republic of China, Tel +8615127811018, Email lijian1008@ | 26.com

Purpose: To investigate the epidemiology, etiology, and clinical characteristics of patients with pyogenic liver abscesses (PLA) and
provide guidance for clinical treatments.

Patients and Methods: A retrospective study was performed on a cohort of 402 hospitalized patients diagnosed with PLAs at the
Affiliated Hospital of Chengde Medical College between January 2016 and December 2021. Patient demographics, drug sensitivity
profiles, and microbiological culture results of drainage and blood samples were thoroughly analyzed to identify significant patterns or
trends. Furthermore, clinical characteristics and treatments for patients with PLA were comprehensively assessed.

Results: Patients aged 50—69 years had the highest incidence of PLA, accounting for 59.9% of all cases, and 91.5% of them had
a fever. Bacterial culture analysis of the 200 patients revealed that Klebsiella pneumoniae (K. pneumoniae) was the most predominant
pathogen, detected in 70.5% of cases, exhibiting an upward trend. Escherichia coli (E. coli) was the second most frequently detected
pathogen, identified in 14.5% of cases, showing a downward trend. Coexisting diabetes mellitus (DM) was found to be the most
common comorbidity for PLA, occurring in most patients with the condition. Patients with a history of abdominal surgery and
malignancy had an increased risk for PLA, while those with gallstones had a decreased risk. Drainage combined with antibiotic
therapy was identified as the primary treatment of PLA. In addition, multivariate analysis demonstrated that coexisting DM and the
presence of gas in the abscess cavity were independent risk factors for septic shock in patients with PLA.

Conclusion: This study reveals a shift in the proportions of pathogens and risk factors in patients with PLA, underscoring the
necessity for improved diagnostic and therapeutic strategies.
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Introduction

A pyogenic liver abscess (PLA) is a severe infectious liver disease that results from the invasion of suppurative
bacteria into the liver parenchyma through diverse routes, culminating in local inflammation, liquefaction
necrosis, and formation of a collection of pus called an abscess.' > The incidence of PLAs in Asian countries
has gradually increased, with a rate of 12—18 per 100,000 individuals.* A PLA is a life-threatening condition, with
reported mortality rates ranging from 3% to 20% during hospitalization.> Klebsiella pneumoniae (K. pneumoniae)
was first reported in Taiwan, China, in 1980 and has gradually become the leading agent of PLAs in Asia.®® This
retrospective study analyzed the clinical characteristics, etiological changes, and treatment outcomes of the 402
PLA patients admitted to the Affiliated Hospital of Chengde Medical University between 2016 and 2021, To study
the demographic changes, etiological changes and antibiotic sensitivity of common pathogens in PLA patients, in

addition, to study risk factors for septic shock in PLA patients.
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Materials and Methods

Research Subjects

A retrospective study was performed on a cohort of 402 hospitalized patients diagnosed with PLAs at the Affiliated
Hospital of Chengde Medical College between January 2016 and December 2021.This study complies with the
Declaration of Helsinki and was approved by the Institutional Ethics Committee.The need for informed consent was
waived because of the retrospective nature of the study.

The study’s inclusion criteria were defined as follows: 1) Patients diagnosed with PLAs using imaging modalities,
including computed tomography (CT), magnetic resonance imaging (MRI), or ultrasound, 2) those with symptoms such
as fever, chills, and right upper abdominal pain, 3) those diagnosed with PLAs for puncture or surgery, 4) those whose
blood or pus culture revealed pathogenic bacteria. Exclusion criteria involved: 1) Patients with incomplete information
related to PLAs, or 2) those with amoebic, tuberculous, or parasitic liver abscesses.

Data Collection and Treatment Methods

In this study, patient demographics and clinical information, including gender, age, symptoms, laboratory and
bacterial culture results, treatment modalities, complications, and length of hospital stay, were collected from
medical records. The decision to proceed with percutaneous aspiration (PCA) or percutaneous catheter drainage
(PCD) was guided by patient preference, the size of the suppurative liver abscess, and the response to antibiotic
therapy. Generally, PCD is performed for PLA greater than 3 cm.The PCD procedure was performed under
ultrasound guidance, utilizing a 10—12F pigtail catheter for drainage. Blood cultures were performed when PLA
patients with a fever.Each patient was treated with antibiotics, The empirical antibiotics begun with parenteral
third generation cephalosporins like cefoperazone sodium or with piperacillin tazobactam. The antibiotics were
changed as per the sensitivity of the organism in the case of positive pus cultures. Patients underwent an
intravenous antibiotic infusion for a minimum of 2 weeks, followed by oral administration of antibiotics for 2—4
weeks. The abdominal enhanced CT was examined 3—-5 days after PCD to evaluate the therapeutic effect.Surgical
intervention was recommended for patients who did not respond to antibiotics, PNA, or PCD treatment.

Pathogen ldentification and Drug Susceptibility Test

After the PLA patients underwent PCA or PCD, A sterile syringe was used to extract 10mL of pus, which was
placed in a culture bottle and sent for examination.For patients with fever, blood culture samples were drawn for
testing. The pathogens were cultured by ALERT3D120 automatic blood culture instrument [Biomeriere Diagnostic
Products (Shanghai) Co., LTD., France] and inoculated on blood plates and eosin-methylene blue plates.After 24
hours of culture, the pathogens were identified by the automatic microbial identification and drug sensitivity
analysis system and the matching Gram-positive bacteria and negative bacteria identification card [Meriier
Diagnostic Products (Shanghai) Co., LTD.]. Drug susceptibility test was performed by disk AGAR diffusion
method (K-B method, drug susceptibility test paper and medium: Oxoid Company, UK).A drug susceptibility test
paper was attached to the AGAR plate inoculated with the tested bacteria, and the growth of the tested bacteria
was inhibited within the inhibitory concentration range around the paper. After incubation for 24 hours, the
diameter of inhibition zone was taken by caliper, and the size of inhibition zone reflected the sensitivity of the
tested bacteria to the measured drugs.

Statistical Analysis

The statistical analysis was conducted using IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY). Data were presented
as frequencies and percentages. The y2 test and #-test were employed for analyzing categorical variables and continuous
variables, respectively, to determine significant differences between groups. Additionally, a logistic regression analysis
was performed to examine the relationship between the incidence of septic shock and other factors.
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Results

Demographics and Clinical Characteristics
In this study, for these three groups, a notable increasing trend was observed in the incident cases of PLAs. The mean age
of onset for PLA was 59.02 + 13.70 years, with a higher prevalence observed in males (n = 260, 64.7%). In the majority
of cases, PLA was mainly located in the right liver lobe, and single abscesses were more commonly found. The primary
symptom of the disease was fever. Other clinical characteristics of the patients are summarized in Table 1.

Patients aged 50-69 years exhibited the highest incidence rate of PLAs, with a detailed distribution across other age
groups shown in Figure 1.

Comorbidities for PLAs

The predominant comorbidity for PLAs was found to be coexisting diabetes mellitus (DM), which was present in
the majority of patients with the condition (n = 150, 37.3%). Patients with a history of abdominal surgery were

Table 1 Demographics and Clinical Characteristics of 402 PLA Patients

Total (n=402) 16-17 (n=102) 18-19 (n=124) 20-21 (n=176) P-value

Gender (n,%)

Male 260(64.7%) 64(62.7%) 77(62.1%) 119(67.6%) 0.637

Female 146(35.3%) 38(37.3%) 47(37.9%) 57(32.4%)
Age (mean, SD) 59.02+13.70 58.06x+15.33 59.65x11.18 59.88+13.58 0.776
Symptoms (n,%)

Fever 368(91.5%) 93(91.2%) 116(93.5%) 159(90.3%) 0.878

Abdominal pain 216(53.7%) 57(55.9%) 65(52.4%) 94(53.4%) 0.614

Fatigue 90(22.4%) 25(24.5%) 28(22.6%) 37(21.0%) 0.665

Vomit 73(18.2%) 19(18.6%) 24(19.3%) 30(17.0%) 0.887
Pleural effussion 181(46.1%) 46(45.1%) 57(45.9%) 82(46.6%) 0.829
Liver abscess size(mm) 67.56+26.63 65.92+27 4| 68.33+23.76 67.97+28.15 0.767
Location of liver abscess (n,%)

Left lobe 96(23.9%) 23(22.5%) 30(24.2%) 43(24.4%) 0.715

Right lobe 263(65.4%) 72(70.6%) 81(65.3%) 110(62.5%) 0.204

Both lobe 43(10.7%) 7(6.9%) 13(10.5%) 23(13.1%) 0.147
Individual liver abscess(n,%) 346(86.1%) 92(90.2%) 105(84.7%) 149(84.7%) 0.164
Multiloculated liver abscesses(n,%) 135(33.6%) 33(32.4%) 43(34.7%) 59(33.5%) 0.461
Containing gas (n,%) 44(10.9%) 11(10.8%) 15(12.0%) 18(10.2%) 0.876
Laboratory examination (mean * SD)

WBC (x109/L) 14.8745.83 15.34£6.32 14.49+5.46 14.88+6.15 0.832

CRP(mg/L) 85.64+16.33 82.19+18.78 88.37+17.25 85.33+15.47 0.254

ALT (U/L) 77.18+10.56 74.25+9.47 77.41£11.08 78.36%12.63 0.568
Invasive liver abscess syndrome(n,%) 18(4.5%) 4(3.9%) 3(2.4%) 11(6.3%) 0.273

Abbreviations: ALT, Alanine aminotransferase; CRP, C-reactive protein; WBC, White blood cell count.

Infection and Drug Resistance 2023:16 hetps: 4015

Dove!


https://www.dovepress.com
https://www.dovepress.com

Cui et al

Dove

140

120

100

Numbers

Figure | Age distribution of patients with pyogenic liver abscess.

80

60

40

20

1l

2016-2021
2016-2017
2018-2019
2020-2021

(| T ,_l.l_l_i_'_'.|—l_rl_‘.
0

<2

20-29 30-39 40-49 50-59 60-69

Age stages

Note: Different colored columns represent patients with liver abscess at different periods.

70-79

=80

also observed to have an increased risk of PLAs. Other common comorbidities for PLA are presented in Table 2

and Figure 2.

Etiological Changes in PLAs

Among 402 PLA patients, 200 patients (49.8%) showed positive results in pathogen culture analysis in blood or pus

samples. K. pneumoniae was the predominant pathogen, accounting for 70.5% (n = 141) and exhibiting an uptrend, while

Table 2 Comorbidities for PLAs

Total (n=402) 16=17 (n=102) 18-19 (n=124) 20-21 (176) P-value
Diabetes 150(37.3%) 37(36.3%) 47(37.9%) 66(37.5%) 0.967
Hypertension 88(21.9%) 21(20.6%) 27(21.8%) 40(22.7%) 0917
Heart disease 52(12.9%) 15(14.7%) 16(12.9%) 21(11.9%) 0.802
Cerebral infarction 41(10.2%) 9(8.8%) 14(11.3%) 18(10.2%) 0.668
Cholecystolithiasis 83(20.6%) 26(25.5%) 25(20.1%) 32(18.1%) 0.159
Cancer 51(12.7%) 11(10.8%) 15(12.1%) 25(14.2%) 0.691
Abdominal surgery 68(16.9%) 12(11.7%) 19(15.3%) 37(21.0%) 0.041
Chronic kidney disease 21 (5.2%) 5 (4.9%) 6(4.8%) 10(5.7%) 0.936
Cirrhosis 29(7.2%) 8(7.8%) 10(8.1%) 11(6.3%) 0.803
Pneumonia 35(8.7%) 10(9.8%) 10(8.1%) 15(8.5%) 0.893
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Figure 2 Comorbidities for PLAs.
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E. coli was the second most detected pathogen, accounting for 14.5% (n = 29) and showing a downtrend. Other

pathogens were rarely detected. The detailed results of bacterial culture are displayed in Table 3 and Figure 3.

Resistance of K. pneumoniae and E. coli
Given that the bacterial cultures mostly consisted of K. pneumoniae and E. coli, a statistical analysis was undertaken to

assess the antibiotic susceptibility patterns of the two bacteria (Figure 4). Notably, . coli exhibited greater resistance to

antibiotics compared with K. pneumoniae.

Table 3 Etiological Changes in PLAs

Total (n=402) 16-17 (n=102) 18-19 (n=124) 20-21 (n=176) P-value
Pathogen culture positive 200(49.8%) 50(49.0%) 62(50.0%) 88(50.0%) 0.985
Klebsiella pneumoniae 141(70.5%) 30(60.0%) 39(62.9%) 72(81.8%) 0.007
E. coli 29(14.5%) 13(26.0%) 12(19.3%) 4(4.5%) 0.001
Bacaeroides fragilis 3(1.5%) 0 0 3(3.4%)
Aerobacter cloacae 5(2.5%) 1(2.0%) 2(3.2%) 2(2.3%) 0.903
Staphylococcus aureus 1(0.5%) 0 1(1.6%) 0
Streptococcus gri 1(0.5%) 1(2.0%) 0 0
Enterococcus faecium 5(2.5%) 2(4.0%) 1(1.6%) 2(2.3%) 0.712
Staphylococcus haemolytica 2(1%) 1(2.0%) 0 1(1.1%)
Streptococcus anginosus 3(1.5%) 1(2.0%) 1(1.6%) 1(1.1%) 0.919

(Continued)
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Table 3 (Continued).

Total (n=402) 16-17 (n=102) 18-19 (n=124) 20-21 (n=176) P-value
Grass green hemolytic streptococcus 2(1%) 0 2(3.2%) 0
Peptostreptococcus anaerobius 3(1.5%) 3(6.0%) 0 0
Peptostreptococcus 1(0.5%) 1(2.0%) 0 0
Staphylococcus epidermidis 1(0.5%) 0 0 1(1.1%)
Streptococcus mitis 2(1%) 0 0 2(2.3%)
Streptococcus intermediates 2(1%) 0 1(1.6%) 1(1.1%)
Streptococcus constellatus 1(0.5%) 0 0 1(1.1%)

Treatment and Prognosis of PLA Patients
In the management of PLA, the primary therapeutic approach involved a combination of antibiotics and PCD (56.7%). The

overall in-hospital mortality rate was 5.7%. Additional treatment modalities and associated complications are shown in Table 4.

Risk Factors for Septic Shock

The prevalence of septic shock was determined to be 13.9%. Results of the multivariate analysis revealed that coexisting

DM and the presence of gas in the abscess cavity (gas formation) were significant risk factors for septic shock (Table 5).
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Figure 3 Common etiological changes in PLAs (K. pneumoniae and Escherichia coli).
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cefuroxime sodium —u— klebsiella pneumoniae
100% —— escherichia coli
meropenem 90% cephazolin

imipenem ceftazidime

levofloxacin cefoperazone sulbactam

ceftriaxone piperacillin and tazobactam

Figure 4 Comparison of the antibiotic susceptibility of common bacteria (K. pneumoniae and Escherichia coli).

Discussion

A PLA is a prevalent intra-abdominal infectious disease caused by diverse bacterial species. The predominant pathogens
for PLA in North America are Streptococci and E. coli, while in Asia, K. pneumoniae is the predominant pathogen. !
The management of PLAs involves antibiotic therapy, PCD, and surgical intervention, and the mortality rate has
decreased with improved diagnostic and therapeutic capabilities.'? Selecting the appropriate antibiotics based on the
bacterial culture results is crucial among these approaches.

This study demonstrated a rising trend in the incidence of PLAs, which is in accordance with previous reports.>*'?
The age of onset for PLA patients tended to increase, as reported in most articles.'*'> The present study reported a mean
age of onset of (59.02 + 13.70) years, indicating a gradual increase in recent years. And advanced age is associated with
increased mortality during hospitalization.'® PLAs are primarily found in the right liver lobe and more prevalent in
males. Common clinical manifestations include fever and abdominal pain, consistent with the findings of previous studies

by Zhang J and Wang YC.'”'

Table 4 Treatment and Prognosis of PLA Patients

Total (n=402) 16-17 (n=102) 18-19 (n=124) 20-21 (176) P-value

Antibiotics 139(34.6%) 34(33.3%) 47(37.9%) 58(33.0%) 0.838
PCD+antibiotics 228(56.7%) 49(48.0%) 68(54.8%) 111(63.1%) 0.013
PCA +antibiotics 24(6.0%) 8(7.8%) 9(7.3%) 7(4.0%) 0.160
Surgical operation+ antibiotics 0 1(0.8%) 0 —

Mortality during hospitalization 23(5.7%) 7(6.9%) 8(6.5%) 8(4.5%) 0.664
Average stay(days) 17.83+4.05 18.58+3.70 16.48+3.42 18.21+3.29 0.548
Sepsis shock 56(13.9%) 13(12.7%) 17(13.7%) 26(14.8%) 0.892

Abbreviations: PCA, percutaneous aspiration; PCD, percutaneous catheter drainage.
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Table 5 Risk Factors for Septic Shock

Variables Univariate Analysis P-value Multivariate Analysis p-value
Odds Ratio (95% CI) Odds Ratio (95% CI)

Age 0.991 (0.970, 1.012) 0.388

Gender 0.851 (0.463, 1.562) 0.602

Abscess size 1.001 (0.989, 1.012) 0915

Gas in abscess cavity 2.694 (1.276, 5.687) 0.009 2.768(1.329, 5.766) 0.007
Fever 0.831 (0.320, 2.158) 0.703

Diabetes mellitus 2,051 (1.129, 3.725) 0.018 1.888(1.058, 3.372) 0.032
Multiloculated Pyogenic Liver Abscesses 1.663(0.929, 2.978) 0.087

In Asia, K. pneumoniae has become the predominant pathogen causing PLAs.'*?° This study revealed a year-by-year
increase in the proportion of K. pneumoniae in the pus or blood culture of PLA patients, with a significant increase to
81.8% in the last two years. Previous studies have shown that DM is the most common underlying disease in patients
with K. pneumoniae liver abscesses (KPLAs).>' The higher incidence of KPLAs in DM patients may be attributed to
functional abnormalities of neutrophil chemotaxis and phagocytosis. KPPLA is associated with higher overall metastatic
complications but lower mortality. Lower mortality may be due to patients being younger and without underlying
hepatobiliary disease or malignancy, and abscess characteristics (solitary and unilobar) permitting easier drainage.*” The
detection rate of pathogens in this study was low, particularly the positive rate of pathogens in blood culture, which could
be due to the administration of antibiotics before culture. Furthermore, E. coli, a less common pathogen, is becoming
increasingly rare.

In this study, K. pneumoniae and E. coli were identified as the predominant contributors to PLAs. Therefore,
administering empirical antibiotic therapy directed toward both bacterial species is recommended before obtaining
the bacterial culture results. K. pneumoniae is intrinsically resistant to ampicillin.?® It exhibits high sensitivity to
carbapenems (meropenem and imipenem), as well as to the third-generation cephalosporins, cefoperazone sodium/
sulbactam sodium, and piperacillin-tazobactam, but lower sensitivity to levofloxacin and second-generation
cephalosporins. E. coli, in contrast, has higher resistance to various antibiotics but is still susceptible to
carbapenems, cefoperazone sodium/sulbactam sodium, piperacillin-tazobactam, and ceftazidime. Therefore,
empirical treatment with cefoperazone sodium/ sulbactam sodium or piperacillin-tazobactam is recommended
for newly diagnosed PLA patients in the absence of etiological evidence.>**> In the case of treatment failure,
a switch to carbapenems can be considered. However, once the results of bacterial drug sensitivity tests become
available, the selection of an appropriate antibiotic therapy should be guided by the sensitivity profiles of the
identified pathogens.

In this study, DM remained the prevailing comorbidity in patients with PLAs, accounting for about 37% of
cases and exhibiting no significant change in recent years.”®° Coexisting DM increases the risk of portal
infection, weakens the liver’s immune response, and impairs the body’s ability to clear bacteria.’® The incidence
of patients with PLAs was also observed to be elevated in patients with a history of abdominal surgery,
particularly hepatobiliary and pancreatic procedures, which is thought to result from changes in the microbiome
and intestinal barrier, as well as a compromised immune system.’' Moreover, vascular and biliary tract damage
increases the risk of developing PLAs, and hypertension and malignancy have emerged as additional risk factors.
Although combined biliary stones were once a notable contributor to the occurrence of PLAs, their incidence has
decreased in recent years.

In recent years, the preferred approach for treating PLAs has shifted from surgical drainage to a combination of
antibiotic therapy and PCD, as indicated by current literature.**** PCD has demonstrated comparable cure rates to
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surgical drainage, with the additional benefits of reduced trauma, fewer complications, and shorter hospital stays.
Treatment with intravenous antibiotics is also a crucial aspect of management, with the duration of treatment ranging
from two to six weeks, depending on the patient’s response.>*

The results of this study revealed that 13.9% of the patients suffered from septic shock, which is consistent
with previous reports.>>7 There has been no significant change in the incidence of septic shock over several
years. Multivariate analysis identified coexisting DM and gas formation as risk factors for septic shock in PLA
patients. K. pneumoniae is the most common pathogen isolated from patients with DM, and its aggressive nature
weakens the liver’s ability to remove bacteria. The larger diameter of the liver abscess or a history of biliary
surgery increases the risk of septic shock in gas-forming PLAs. The accumulation of gas impedes the transport of
gases and nutrients, leading to local tissue damage and abscess formation.’® However, the results in some
manuscripts suggesting that gas formation increases septic shock are inconclusive and need to be proved by
further prospective studies.®® Healthcare providers should be cautious about the possibility of septic shock in
patients with PLAs associated with DM or gas formation.

Conclusion

In these years, the demographics of PLA patients in northern China have undergone certain changes. There has
been an increase in the number of patients with a history of abdominal surgery. K. pneumoniae has emerged as
the most common pathogen, with the incidence of PLA caused by K. pneumoniae showing a rising trend, while
that caused by E. coli has shown a decreasing trend. DM and gas formation as risk factors for septic shock in
PLA patients.These shifts in pathogen prevalence highlight the need for improved diagnostic and therapeutic
strategies.
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