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ABSTRACT

The incidence rate of pyogenic liver abscess caused by multidrug-resistant bacteria has increased
in recent years. This study aimed to identify the clinical characteristics and risk factors for
pyogenic liver abscess caused by multidrug-resistant bacteria. We conducted a retrospective
analysis of the clinical features, laboratory test results, and causes of pyogenic liver abscesses in
239 patients admitted to a tertiary hospital. Multivariable logistic regression was used to identify
risk factors for multidrug resistance. Among patients with pyogenic liver abscesses, the rate of
infection caused by multidrug-resistant organisms was observed to be 23.0% (55/239), with
a polymicrobial infection rate of 14.6% (35/239). Additionally, 71 cases (29.7%) were associated pneumoniae; Escherichia
with biliary tract disease. Patients with pyogenic liver abscesses caused by multidrug-resistant coli; risk factors; intrahepatic
organisms had a significantly higher likelihood of polymicrobial infection and increased mortality gas

(7/44 [15.9%] vs. 3/131 [2.3%]; p=.003). The Charlson Comorbidity Index (adjusted odds ratio

[aOR]: 1.32, 95% confidence interval [Cl]: 1.06-1.68), hospitalization (aOR: 10.34, 95% Cl: 1.86-60.3)

or an invasive procedure (aOR: 9.62; 95% Cl: 1.66-71.7) within the past 6 months, and gas in the

liver on imaging (aOR: 26.0; 95% Cl: 3.29-261.3) were independent risk factors for pyogenic liver

abscess caused by multidrug-resistant bacteria. A nomogram was constructed based on the risk

factors identified. The nomogram showed high diagnostic accuracy (specificity, 0.878; sensitivity

0.940). Multidrug-resistant organisms causing pyogenic liver abscesses have specific characteris-

tics. Early identification of patients at high risk of infection with multidrug-resistant organisms

could help improve their management and enable personalized treatment.
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Introduction
agents. However, the incidence of PLA caused by anti-

Pyogenic liver abscess (PLA) is a life-threatening dis-
ease with a mortality rate of 2-13%. It is caused by the
invasion of the liver by various types of microbes
through several routes, such as the bloodstream and
biliary system [1-3]. The clinical manifestations and
prognosis of PLA vary depending on the causative
organism and the patient’s basic condition.

Escherichia coli used to be the most common organism
isolated from patients with PLA. Over the past three
decades, since liver abscesses caused by Klebsiella pneu-
moniae were first described in the 1980s in Taiwan [4,5],
K. pneumoniae has become more common than E. coli as
the predominant cause of PLA [6]. An invasive syndrome
with extrahepatic complications resulting from haemato-
genous dissemination, including endophthalmitis,
meningitis, necrotizing fasciitis, and other illnesses, has
been widely reported [5,7]. Typically, hypervirulent
K. pneumoniae remains susceptible to most antimicrobial

microbial-resistant bacteria has increased in recent years,
leading to increased difficulty with treatment, and
increased mortality [8].

Multidrug-resistant organisms (MDRO) are defined as
microorganisms that are resistant to one or more classes of
antimicrobial agents [9]. The main types include vanco-
mycin-resistant enterococci, methicillin-resistant
Staphylococcus aureus, extended-spectrum beta-lactamase
(ESBL)-producing Enterobacteriaceae, such as E. coli and
K. pneumoniae, carbapenem-resistant Enterobacteriaceae,
multidrug-resistant Pseudomonas aeruginosa, and multi-
drug-resistant Acinetobacter baumannii. Little is known
about the bacterial spectrum and antibacterial sensitivity
of PLA caused by MDRO. The aim of this study was to
identify the risk factors for infections caused by MDRO in
patients with PLA. Understanding the risk factors could
enable clinicians to initiate timely and appropriate empiric
antimicrobial therapy.
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Patients and methods
Ethical approval of the study protocol

This study was a retrospective review of medical
records. The study protocol was approved by the
Ethics Committee of Fudan University Huashan
Hospital (2022-1038). It was carried out by the ethical
standards laid down in the 1964 Declaration of Helsinki
and its later amendments. The requirement for patient
consent was waived because of the retrospective study
design confirmed by Ethics Committee of Fudan
University Huashan Hospital (2022-1038).

Patients

Data were retrospectively collected from the case data-
base of patients diagnosed with PLA who were
admitted to Huashan Hospital in Shanghai, China,
between 1 June 2012, and 31 May 2022. The study
population consisted of patients aged 18-85 years,
both male and female, who met the following diagnos-
tic criteria: 1) presence of clinical manifestations, such
as fever, chills, or abdominal pain; 2) imaging results
such as abdominal ultrasound and/or computed tomo-
graphy consistent with the imaging characteristics of
liver abscesses; 3) confirmation of pathogenic bacteria
by blood culture, pus culture, or metagenomic next-
generation sequencing (mNGS); and 4) confirmation of
an abscess by percutaneous liver biopsy or surgery.
Patients with amoebic or tuberculous liver abscesses
or incomplete clinical data were excluded.

Data were extracted from patient medical records
stored in the electronic medical record system. The
data included demographic characteristics (sex, age,
body mass index), clinical manifestations (temperature,
fever, chills, gastrointestinal symptoms, state of con-
sciousness), underlying diseases (hypertension, dia-
betes, chronic lung disease, cardiovascular and
cerebrovascular diseases, cirrhosis, malignant tumours,
chronic renal insufficiency, history of hormone or
immunosuppressant use), laboratory test results (hae-
matologic, biochemical, and microbiologic test results),
liver imaging results (abscess diameter, location, quan-
tity, separation, presence or absence of gas in the liver),
dissemination of infection (to the lung, spleen, brain,
skin, or eye), treatment during hospitalization (antibio-
tic use, percutaneous liver puncture drainage, surgery),
and outcome at discharge (recovery or death).

The microbiological characteristics considered
included polymicrobial infection, single-microbial
infection, anaerobic infection, and infection caused by
ESBL-producing microorganisms or carbapenem-

resistant microorganisms. Enterobacteriaceae strains
resistant to ceftriaxone, cefotaxime, cefoperazone, or
other third-generation cephalosporins were considered
as carrying ESBL. Polymicrobial infections were defined
as the presence of > 2 pathogens cultured from blood or
pus specimens. When anaerobic bacteria were present
in blood or pus cultures, the patient was considered to
have an anaerobic infection. In vitro drug susceptibility
testing was performed using the VITEK 2 Compact
Microbial Identification System (bioMérieux, Marcy-
I'Etoile, France) and the disk diffusion (Kirby -
Bauer) method. The antimicrobial disks were pur-
chased from the Oxoid Company (Basingstoke,
United Kingdom). The antimicrobial susceptibility test-
ing and interpretation of results were conducted in
accordance with the Clinical and Laboratory
Standards Institute (CLSI) guidelines [10].

Parameter definitions

Based on the presumed infection route, the causes of
PLA are divided into four categories: 1) direct spread:
microorganisms invaded the liver through direct spread
from the gallbladder or a nearby abscess; 2) biliary
source: any biliary tract disease, such as malignant
obstruction, biliary cannulation, or biliary surgery; 3)
haematogenous dissemination: dissemination from
other distant infection sites in patients with bacterae-
mia or sepsis; and 4) cryptogenic: without positive
blood culture and no other identifiable source of
infection.

Statistical analysis

All statistical analyses were performed using SPSS ver-
sion 20.0 (IBM Corp., Armonk, NY, USA) or the
R Project for Statistical Computing version 4.1.2 (R
Core Team, R Foundation for Statistical Computing,
Vienna, Austria), with statistical significance set at p
<.05. Continuous data were expressed as the mean +
standard deviation, and categorical data were expressed
as frequencies and percentages. Independent sample
t-tests were used to compare continuous variables
with a normal distribution between groups, and the
Mann - Whitney U-test was used to compare contin-
uous variables with a non-normal distribution between
groups. The chi-square test or Fisher’s exact test was
used to compare categorical variables between groups.
To identify the risk factors for PLA caused by MDRO
strains, potential risk factors (including baseline condi-
tions, comorbidities, and infection characteristics) were
included as independent variables in the statistical ana-
lysis, and logistic regression models were constructed.



Significant variables were introduced into the multi-
variable regression model, and backward stepwise elim-
ination was used to develop the final multivariable
regression model.

Results
Baseline characteristics of patients with PLA

From 1 June 2012, to 31 May 2022, 627 patients were
diagnosed with liver abscesses, including 239 cases with
an identified bacterial pathogen. The baseline charac-
teristics of the patients are provided in Table 1. The
mean age of the patients was 56.6 years (+£14.6 years),
and most patients were male (n=168, 70.3%). The
routes of PLA infection were cryptogenic (n =108,
45.2%), direct dissemination (n=47, 19.7%), biliary
tract origin (n =71, 29.7%), and haematogenous disse-
mination (n = 13, 5.4%). Of the 239 patients, 83 (34.7%)
had type 2 diabetes, 74 (31.0%) had hypertension, 21
(10.5%) had severe cirrhosis or liver failure, and 57
(23.8%) had malignant tumours. Fever (n=228,
95.4%) was the most common clinical manifestation,
and only 79 patients (33.1%) had abdominal pain. On
imaging, 164 patients (68.6%) showed solitary
abscesses, and 160 abscesses (66.9%) were in the right
lobe. The mean diameter was 66.1 (+31.2) mm. Of the
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239 patients, 74 (31.0%) were treated with antimicro-
bial agents alone, 144 (60.3%) were treated with anti-
microbial agents combined with percutaneous liver
drainage, and 21 (8.8%) were treated with antimicrobial
agents combined with surgical treatment.

Microbiological characteristics of PLA

The blood culture, pus culture, or mNGS of pus
detected 279 pathogens in 239 patients. Of the 239
patients, 204 (85.4%) had a single-pathogen infection,
30 (12.6%) had two pathogens detected, and 5 (2.1%)
had three pathogens detected. Of the 279 pathogens,
K. pneumoniae was the most common, accounting for
170 cases (60.9%), followed by E. coli (23 cases, 8.2%),
Aeromonas spp. (4 cases), Pseudomonas spp. (3 cases),
Acinetobacter baumannii (1 case), and other gram-
negative bacteria (10 cases, including Klebsiella varia-
bilis, Klebsiella oxytoca, Serratia marcescens, Citrobacter
freundii, Citrobacter ljungstromii, Stenotrophomonas
maltophilia, Enterobacter aerogenes, and Enterobacter
cloacae). Streptococcus was the most common gram-
positive genus, accounting for 21 cases (7.5%), followed
by Enterococcus faecalis (14 cases, 5.0%), Enterococcus
faecium (9 cases, 3.2%), and Staphylococcus aureus (4
cases, 1.4%). Two cases of Nocardia infection were

Table 1. Baseline characteristics of the study patients (N =239).

Characteristic Value
Age (years), mean £ SD 56.6 + 14.6
Hospitalization days (day), mean + SD 26.3+24.5
Abscess size (mm), mean + SD 66.1 £31.2
Sex (male), n (%) 168 (70.3)
Antibacterial drug use within 6 months before onset, n (%) 52 (21.8)
Hospitalization within 6 months before onset, n (%) 78 (32.6)
Origin, n (%)
Cryptogenic 108 (45.2)
Direct dissemination 47 (19.7)
Biliary origin 71 (29.7)
Hematogenous dissemination 13 (5.4)
Comorbidities, n (%)
Diabetes 83 (34.7)
Hypertension 74 (31.0)
Cirrhosis/hepatic failure 25 (10.5)
Malignant tumour 57 (23.8)
Cardiovascular disease 9 (3.8)
Chronic renal insufficiency 4 (1.7)
Cerebrovascular disease 11 (4.6)
Abscess location, n (%)
Right lobe 160 (66.9)
Left lobe 40 (16.7)
Bilateral 39 (16.3)
Number of abscesses, n (%)
Single 164 (68.6)
Two or more 75 (31.4)
Pathogen Quantity, n (%)
Single species 204 (85.4)
Two species 30 (12.6)
Three species 5(2.1)
Treatment, n (%)
Antimicrobial agents alone 74 (31.0)
Antimicrobial agents and drainage 144 (60.2)
Antimicrobial agents and surgery 21 (8.8)
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identified using mNGS. Mixed infections occurred
mostly in patients with anaerobic bacterial infections
or Candida, accounting for 9 cases (3.2%) each
(Figure 1la).

Of the 239 patients, antimicrobial susceptibility results
were available for 211, of whom 55 (26.1%) had PLA
caused by MDRO. Almost half of the 55 patients with
MDRO infection (25 cases, 45.5%) had polymicrobial
infections, with a total of 59 pathogens cultured. Four
patients had two MDRO isolated each, specifically ESBL-
producing E. coli with vancomycin-resistant E. faecium,

2004 170

MRSA
(3, 5.1%)

ESBL-producing
GNB
(6, 10.2%)

ESBL-producing
K.pneumoniae

(10, 16.9%)

(14, 23.7%)

ESBL-producing K. pneumoniae with carbapenem-
resistant A. baumannii, ESBL-producing E. coli with car-
bapenem-resistant P. aeruginosa, and carbapenem-
resistant K.  pneumoniae with ESBL-producing
E. cloacae. Of the 59 MDRO, ESBL-producing bacteria
were the most common, including E. coli (20 cases,
33.9%), K. pneumoniae (10 cases, 16.9%), and other gram-
negative bacilli (6 cases, 10.2%), followed by carbapenem-
resistant bacteria, including K. pneumoniae (14 cases,
23.7%), Aeromonas spp. (2 cases, 3.4%), Pseudomonas
spp. (2 cases, 3.4%), and A. baumannii (1 case, 1.7%).

VRE

(1, 1.7%)

ESBL-producing
E.coli

(20, 33.9%)

CRKP

Figure 1. Causes of pyogenic liver abscess in the study patients (a). Distribution of multidrug-resistant organisms in patients with
pyogenic liver abscess (b). CR, carbapenem-resistant; CRKP, carbapenem-resistant Klebsiella pneumoniae; ESBL, extended-spectrum
beta-lactamase (producing); GNB, gram-negative bacteria; KP, Klebsiella pneumoniae; MRSA, methicillin-resistant Staphylococcus

aureus; VRE, vancomycin-resistant enterococci.



Three cases of methicillin-resistant S. aureus (3/59, 5.1%)
and one case of vancomycin-resistant E. faecium (1/59,
1.7%) infection were identified among the gram-positive
bacteria (Figure 1b).

Comparison of patients with PLA caused by MDRO
and non-MDRO

The patients with culture results showing K. pneumoniae
or E. coli were divided into MDRO and non-MDRO
groups. Of the 175 patients, 44 were included in the
MDRO group and 131 were included in the non-MDRO
group. The clinical characteristics of the patients are
shown in Table 2. Compared with patients in the non-
MDRO group, patients in the MDRO group tended to
have poorer baseline health and were more likely to have
severe cirrhosis, liver failure, or a malignancy. They also
had significantly higher Charlson Comorbidity Index
scores. Patients in the MDRO group were more likely
than those in the non-MDRO group to have a history of
hospitalization, invasive procedures, and antibiotic use
within the 6 months before hospital admission. In addi-
tion, the presumed source of PLA differed between the
two groups. MDRO infections were most likely to origi-
nate from the biliary tract, whereas non-MDRO infec-
tions were most likely to be of cryptogenic origin. The
frequency of vomiting and headache were higher in the
MDRO group. The MDRO group had lower white blood
cell counts, absolute lymphocyte counts, haemoglobin
levels, platelet counts, and albumin levels, whereas the
alkaline phosphatase levels were higher than those in the
non-MDRO group. There were no significant differences
between the two groups in the imaging characteristics of
the abscesses, except for the presence of intrahepatic gas,
which was significantly more frequent in the MDRO

group.

Comparison of treatment and clinical outcomes

There were no significant differences in the incidence of
sepsis or pleural effusion between the MDRO and non-
MDRO groups (Table 2). However, the incidence of bacter-
aemia was higher in the MDRO group. The incidence of
metastatic infections, such as lung abscesses, endophthal-
mitis, or other metastatic foci, such as spleen, lumbar ver-
tebrae, or prostate abscesses, was significantly higher in the
non-MDRO group (Table 2). The proportion of patients
admitted to the intensive care unit did not differ signifi-
cantly between the two groups. All 175 patients with PLA
received antibiotic treatment, with the most receiving com-
bined treatment with two or more antibiotics during the
initial stage. Antibiotic treatment did not differ significantly
between the MDRO and non-MDRO groups. The
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proportion of patients who received antibiotics combined
with percutaneous drainage was higher in the MDRO
group (77.3% vs. 53.4%), whereas the proportion of patients
who received antibiotics combined with surgical treatment
was higher in the non-MDRO group (9.9% vs. 6.8%). The
proportion of mixed infections was higher in the MDRO
group than in the non-MDRO group (47.7% vs. 1.5%,
p =.001), and the mortality rate was significantly higher in
the MDRO group (15.9% vs. 2.3%, p =.03).

Analysis of risk factors for PLA caused by MDRO

Multivariable logistic regression showed that the
Charlson Comorbidity Index score, hospitalization
within 6 months, invasive procedures within 6 months,
and intrahepatic gas were independent risk factors for
PLA caused by MDRO (Table 3).

To increase the clinical utility of the regression model, it
was used to create an interactive nomogram. A score was
assigned to each item in the model (Table 4), and the sum
was the total score. The point on the possibility axis corre-
sponded to the risk of MDRO in patients with PLA
(Table 5). Figure 2a shows an example of a patient with
a liver abscess without intrahepatic gas, no history of hos-
pitalization within the past 6 months, and no surgical pro-
cedure history. The patient had a Charlson Comorbidity
Index score of 0 and an alkaline phosphatase level of 115 U/
L. According to the multivariable logistic regression model,
the probability of developing PLA caused by MDRO was
estimated to be approximately 1.67%.

The Hosmer - Lemeshow goodness-of-fit test for the
regression model showed a P-value of .4303, indicating
a good fit. Using bootstrap sampling with 2000 repeats,
the calibration curve (Figure 2b) showed a high degree
of fit with the ideal curve, with an average absolute
error of 0.033, and the predicted values were generally
consistent with the observed values. The receiver oper-
ating characteristic curve (ROC) suggested that the area
under the curve (AUC) was 0.9441 and the optimal cut-
point based on the Youden index was 0.484 (Figure 2c).
The diagnostic accuracy of the model for predicting
PLA caused by MDRO based on this value is shown
in Table 6. In addition, variance inflation factors (VIFs)
are computed for independent variables to check for
multicollinearity. The VIF values ranged from 1.12 to
2.04 and showed no sign of multicollinearity (Table 7).

Discussion

In this study, we conducted an analysis of the pathogens
associated with PLA at a tertiary hospital in Shanghai,
China. Gram-negative enterobacteria were the most com-
mon pathogens, with K. pneumoniae accounting for
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Table 2. Comparison of the clinical characteristics, treatment, and clinical outcomes of patients
with pyogenic liver abscess caused by multidrug-resistant organisms and non-multidrug-resistant

organisms.
MDRO Non-MDRO
(n=44) (n=131) P
Age (years), mean £ SD 60.8+12.9 56.7 +14.1 .088
Male sex, n (%) 34 (77.3) 88 (67.2) .207
Body mass index, mean + SD 214+33 24.2+39 <.001
Diabetes, n (%) 13 (29.5) 54 (41.2) .168
Hypertension, n (%) 14 (31.8) 1(31.3) .949
Fatty liver, n (%) 1(23) 3 (17.6) 011
Cirrhosis/hepatic failure, n (%) 12 (27.3) 5(3.8) <.001
Malignant tumour, n (%) 30 (68.2) 8 (6.1) <.001
Charlson Comorbidity Index, mean + SD 70+34 2.8+2.1 <.001
Immunosuppressant use 23 (52.3) 3(23) <.001
Hospitalization within the past 6 months 36 (81.8) 4 (10.7) <.001
Invasive procedures within the past 6 months 2 (72.7) 4 (3.1) <.001
Antibiotic use within the past 6 months 26 (59.1) 10 (7.6) <.001
Suspected origin of the liver abscess, n (%) <.001
Cryptogenic 3 (6.8) 85 (64.9)
Direct spread 7 (15.9) 31 (23.7)
Biliary tract 33 (75) 14 (10.7)
Hematogenous 1(2.3) 1 (0.8)
Clinical manifestations
Fever 42 (95.5) 128 (97.7) .601
Disturbance 2 (4.5) 16 (12.2) 249
Vomiting 2 (4.5) 23 (17.6) .033
Diarrhea 0 (0.0) 11 (8.4) .068
Headache 0 (0.0) 16 (12.2) .013
Laboratory examination
White blood cell count (x10 [9]/L) 104+5.0 124+5.0 .019
Absolute lymphocyte count (x10 [9]/L) 1.0+0.5 1.2+05 .01
Neutral-lymphocyte ratio 84+7.1 11.2+83 044
Hemoglobin (g/L) 95.7 +£23.2 1146 +18.7 <.001
Platelet count (x10 [9]/L) 1825+ 126.7 2372+ 1447 .026
CRP (mg/L) 108.1+52.0 120.8 +59.5 .209
ALT (U/L) 52.7£594 78.6 £94.0 .088
AST (U/L) 60.6 + 66.8 60.6 +90.0 999
ALP (U/L) 265.8 £ 196.7 190.8 + 106.2 .019
ALB (g/L) 29.6 £5.1 31.8+4.7 .010
FIB (g/L) 49+14 59+29 .022
APTT(s) 346+79 31.2+£6.9 .007
Imaging Results
Abscess size (mm), mean +SD 63.8 +29.1 68.5 +26.8 326
Abscess location, n (%) 176
Right lobe 29 (65.9) 91 (69.5)
Left lobe 5(11.4) 24 (18.3)
Bilateral 10 (22.7) 16 (12.2)
Treatment and clinical outcomes
Bacteremia, n (%) 24 (54.5) 46 (35.1) .023
Metastatic abscess, n (%) 5(11.4) 51 (38.9) .001
Pulmonary Abscess, n (%) 2 (4.5) 26 (19.8) .017
Endophthalmitis, n (%) 0 (0.0) 30 (22.9) <.001
Multiple abscesses, n (%) 18 (40.9) 37 (28.2) 117
Separated shadow, n (%) 10 (22.7) 46 (35.1) 128
Gas liver, n (%) 12 (27.3) 2 (1.5) <.001
Portal vein thrombus, n (%) 2 (4.5) 2 (1.5) .263
Treatment methods 018
Antimicrobial agents alone 7 (15.9) 48 (36.6)
Antimicrobial agents and drainage 34 (77.3) 70 (53.4)
Antimicrobial agents and surgery 3 (6.8) 13 (9.9)

ALB, albumin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APTT, activated partial thromboplastin
time; AST, aspartate aminotransferase; CRP, C-reactive protein; FIB, fibrinogen/fibrin degradation products, MDRO,

multidrug-resistant organism(s).

60.9% and E. coli accounting for 8.2%. Previous studies
have shown that K. pneumoniae is more common than
E. coli as the cause of liver abscesses, accounting for 60-
80% of all cases of PLA in China and other Asian coun-
tries [11-13]. Antibiotic resistance has become a major
public health issue worldwide, and the incidence of PLA
caused by antimicrobial-resistant bacteria has increased
in recent years [8]. In this study, 55 (23%) patients had

MDRO infections, and ESBL-producing bacteria were
most common, accounting for 61.0% of the MDRO, fol-
lowed by carbapenem-resistant bacteria (32%). The pre-
valence of ESBL-producing E. coli was much higher than
that of ESBL-producing K. pneumoniae. Carbapenem-
resistant K. pneumoniae (CRKP) was the most common
of the carbapenem-resistant bacteria. A study conducted
in South Korea [14] evaluated 833 patients with PLA from
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Table 3. Logistic regression analysis of risk factors associated with pyogenic liver abscess caused by multidrug-resistant

organisms.
Unadjusted OR Adjusted OR
(95% Cl) P (95% CI) P

APTT 1.06 (1.02-1.12) .01

ALP 1.00 (1.00-1.01) .031

Charlson Comorbidity Index 1.67 (1.43-1.94) <.001 1.32 (1.06-1.68) .017
Hospitalization within the past 6 months 37.61 (14.61-96.81) <.001 10.34 (1.86-60.30) .007
Invasive procedures within the past 6 months 84.67 (25.60-280.03) <.001 9.62 (1.66-71.73) .017
Gas in the liver on imaging 24.18 (5.13-113.53) <.001 26.00 (3.29-261.32) .003

ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; Cl, confidence interval; OR, odds ratio.

Table 4. Correspondence between risk factors and points.
Points

Factor

Charlson Comorbidity Index score 5.77 points per 1 point

increase

Hospitalization within the past 6 months 63

Invasive procedures within the past 6 51
months

Intrahepatic gas 93

Alkaline phosphatase level 1 point per 1 U/L increase

2008 to 2017 and found that 6.6% of cases of PLA were
caused by MDRO, which lower than the prevalence
observed in this study. The presence of anaerobic bacteria
and other rare pathogens may have been underestimated
because conventional bacterial culture may not detect
atypical pathogens. In this study, the pus of some patients
was subjected to mNGS. This revealed the presence of two
cases of Nocardia liver abscess. Nocardia-induced liver
abscesses are rarely reported and occur mostly in patients
undergoing solid organ transplantation and in those
using immunosuppressants [15,16].

The clinical manifestations of PLA are non-specific,
with fever as the main manifestation. Other common
symptoms include diarrhoea, fatigue, and vomiting. If
impaired consciousness or headache are present, the
possibility of a brain abscess should be considered
because community-acquired K. pneumoniae can lead
to liver abscess invasion syndrome [6]. In this study,
the incidence of cryptogenic and metastatic abscesses
was significantly higher in the non-MDRO group,
which may be related to the high colonization rate of
highly virulent K. pneumoniae in Asian populations, as

well as its ability to cross the intestinal mucosal barrier
and travel via the portal vein if the intestinal mucosal
barrier is disrupted [17,18]. Some studies have shown
that colorectal cancer can cause intestinal mucosal per-
meability, and PLA may be an early manifestation of
colorectal cancer [19,20]. However, in this study, no
cases of colorectal cancer were observed in patients
with PLA.

The laboratory test results of patients with PLA, such
as routine blood tests, liver function, and coagulation
function, may be abnormal. The haemoglobin and albu-
min levels in the MDRO group were lower than those in
the MDRO group, which may be related to chronic
malnutrition caused by a history of abdominal surgery
and malignant tumours in many patients in the MDRO
group. The alkaline phosphatase levels were also higher
in the MDRO group, which may be related to obstruc-
tion of intra- and extrahepatic bile ducts by conditions
such as cirrhosis and digestive system tumours.

In this study, the mortality rate was significantly
higher in the MDRO group than in the non-MDRO
group, possibly due to the combination of the severity
of the MDRO PLA and poor baseline health. Two cases
of lung abscess due to highly virulent CRKP occurred
in the MDRO group. Highly virulent CRKP is charac-
terized by high virulence, multidrug resistance, and
high transmissibility, leading to poor clinical outcomes
[21]. Previous studies have shown that advanced age,
malignancy, biliary origin, and a high APACHE II
score are associated with poor prognosis in patients

Table 5. Association between total points and the probability
of pyogenic liver abscess being caused by an MDRO.

Total points

Odds of PLA infection being caused by MDRO

<67
67-91
91-106
106-119
119-131
131-142
142-155
155-171
171-194
>194

<10%
10-20%
20-30%
30-40%
40-50%
50-60%
60-70%
70-80%
80-90%

>90%

MDRO, multidrug-resistant organism; PLA, pyogenic liver abscess.
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Probability of developing PLA caused by MDRO
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Figure 2. Individualized predictive nomogram model for predicting the risk of pyogenic liver abscess caused by multidrug-resistant
organisms (a). Calibration plot (b) and receiver operating characteristic (ROC) curve (c) of the nomogram model for predicting the
risk of multidrug-resistant organisms in patients with pyogenic liver abscess. The figure was created using R software version 4.1.2 (R
Foundation for Statistical Computing, Vienna, Austria).

Specificity

Table 6. Model evaluation at the optimal threshold point according to the
Youden index.

Parameter Precision Sensitivity Specificity LR+
Value 0.878 0.940 0.961 0.818
LR+, positive likelihood ratio; LR—, negative likelihood ratio.




Table 7. Variance inflation factors for independent variables.
Independent variable

Variance inflation factor

Charlson Comorbidity Index score 1.52
Hospitalization within the past 6 months 2.04
Invasive procedures within the past 6 months 1.91
Intrahepatic gas 1.12
Alkaline phosphatase level 1.23

with PLA [22-24]. In this study, the Charlson
Comorbidity Index was used to predict the clinical
outcomes of PLA. In this study, a high Charlson
Comorbidity Index was significantly associated with
mortality and PLA caused by MDRO, consistent with
the results of a previous study [25].

In this study, the Charlson Comorbidity Index, hospi-
talization within 6 months, invasive procedures within 6
months, and intrahepatic gas were independent risk fac-
tors for PLA caused by MDRO. A previous meta-analysis
reported no significant difference in the presence of intra-
hepatic gas between patients with K. pneumoniae and
non-K. pneumoniae PLA, which differs from the results
of this study [22]. Nomograms serve as a predictive tool
for prognosis by estimating clinical events and integrating
key prognostic factors into a statistical prediction model.
As part of this study, we constructed a nomogram includ-
ing the independent risk factors, which were identified
using multivariable logistic regression analysis.
Individuals with a higher total score on the nomogram
had a greater risk of PLA caused by MDRO. This model
was stable and reliable in predicting infection risk, as
demonstrated by its calibration and receiver operating
characteristic curves.

This study has some limitations. It was conducted at
a single centre and had a retrospective design, which
may have introduced information bias. Prospective mul-
ticenter studies are required to confirm these results.

Conclusions

MDRO causing PLA have specific characteristics. E. coli
and K. pneumoniae, are the main bacterial MDRO
causing PLA. Patients with PLA caused by these strains
are more likely to have polymicrobial infections and
higher mortality rates. A high Charlson Comorbidity
Index score, hospitalization within the past 6 months,
invasive procedures within the past 6 months, and the
presence of gas in the liver are independent risk factors
for predicting PLA caused by MDRO. These findings
are important for guiding clinical treatment and pre-
venting PLA caused by MDRO, providing a basis for
further research and enhancing strategies for the pre-
vention and treatment of this disease.
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