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Impact of ESBL‑producing bacteria on patients
with acute pyelonephritis: A study based on
patient data from a single hospital
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Abstract. The present study investigated the microbial
etiologies and clinical impact of extended‑spectrum
β ‑lactamase (ESBL)‑producing bacteria according to urine
and blood cultures from patients with acute pyelonephritis
(APN). Data of all patients (age >15 years) who had been
hospitalized at a single hospital with APN were collected
between January, 2010 and December, 2018. Overall,
882 patients with APN were included. Patients were divided
into an ESBL‑producing and non‑ESBL‑producing group.
In addition, each group was further stratified in accordance
with positive ESBL cultures from a urine sample (U‑ESBL
group and U‑non‑ESBL group) or from either blood or urine
samples (UB‑ESBL group and UB‑non‑ESBL group). In 651
(74%) of these cases, bacteria were isolated from either
urine or blood samples. The prevalence of ESBL‑producing
bacteria from either urine or blood samples (UB‑ESBL)
was found to steadily increase over the 9‑year study period
from 6.3 to 37.8%. The male sex [odds ratio (OR), 2.572;
95% confidence interval (CI), 1.295‑5.108] and previous
antibiotic exposure (OR, 2.275; 95% CI, 1.105‑4.680) were
significant risk factors for UB‑ESBL in the multivariable
analysis. The patients in the UB‑ESBL group exhibited a
significantly higher mortality rate (OR, 1.654; 95% CI,
1.106‑2.474) and a higher continuous renal replacement
therapy (CRRT) rate. By multivariable analysis, UB‑ESBL
and not U‑ESBL was an independent prognostic indicator
for mortality and recurrence. Consequently, the use of
carbapenems as a first‑line therapy for APN is expected
to rapidly increase, and there is concern regarding the
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emergence of new antibiotic‑resistance bacteria. Global
efforts to reduce resistance bacteria and the development of
novel treatment methods other than the use of antibiotics to
treat bacteria are urgently required. In addition, the results
of the present study emphasize the importance of blood
culture tests, as well as urine culture tests for the successful
treatment of APN.
Introduction
Urinary tract infections (UTIs) are among the most common
infectious diseases and include asymptomatic bacteriuria,
cystitis, prostatitis and pyelonephritis (1). Among these
disorders, acute pyelonephritis (APN) is a severe form of
UTI. Epidemiologically, APN has an incidence of 35.7 per
10,000 individuals, among which 9.96 women and 1.18 men
are hospitalized (2). APN can progress to a more severe condi‑
tion, such as sepsis, septic shock and even death, and it is
therefore crucial to administer appropriate antibiotics on the
basis of susceptibility results (3‑5).
As antibiotic resistance has gradually increased among
community‑acquired cases of UTIs, it has recently become
more commonplace to observe an initial empirical antibiotic
treatment failure in APN cases. According to the Infectious
Disease Society of America (IDSA) guidelines for the treat‑
ment of UTIs, it is difficult to use an antibiotic as a primary
agent when the local antibiotic resistance rate is >20% (6).
In Korea, 3rd generation cephalosporins and quinolones are
commonly used for the treatment of APN as first‑choice
antibiotics. However, as extended‑spectrum β ‑lactamase
(ESBL)‑producing bacteria have rapidly increased in
frequency, it is now questionable whether they can continue to
be used as first‑choice interventions. In addition, blood culture
tests are generally performed during the treatment of patients
with APN with urine culture tests; however, the usefulness of
blood cultures in APN cases remains obscure. The present
study investigated the microbial etiologies and clinical impact
of ESBL‑producing bacteria in a series of patients with APN
in order to evaluate which antibiotics are most suitable as an
initial treatment for this condition. Furthermore, the necessity
of blood culture tests in APN cases was analyzed.
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Patients and methods
Study design and patients. The present study performed a
retrospective chart review of all patients (age >15 years) who
had been hospitalized at Konyang University Hospital with
APN between January, 2010 and December, 2018. Patients
who were discharged voluntarily within 3 days and cases of
transfer to other medical centers were excluded. The patients
included in the study were divided into an ESBL‑producing
and non‑ESBL producing group. In addition, each group was
further stratified in accordance with positive ESBL cultures
from a urine sample (U‑ESBL group and U‑non‑ESBL group)
or from either blood or urine samples (UB‑ESBL group and
UB‑non‑ESBL group) (Fig. 1). A total of two blood cultures
from different sites and a urine culture were routinely
conducted for each patient at the time of admission prior to anti‑
biotic administration. The present study was approved by the
Konyang Hospital Institutional Review Board (IRB approval
nos. KYUH 2016‑12‑003‑009 and KYUH 2020‑06‑021).
Data collection and definitions. Clinical and microbial data
were collected from medical records retrospectively for all
eligible patients. APN was defined by a fever ≥38.0˚C; at
least one of the following symptoms: Flank pain, urinary
frequency, urgency, dysuria and flank tenderness; and
pyuria (≥10 white blood cells per high‑power field), or
bacteriuria [confirmation of the isolation of a single
uropathogen with ≥105 colony forming units (CFU)/ml of
urine] (7). The following information was collected for the
patients in the study: Age, sex, residence (i.e., rural, urban
or nursing home), history of antibiotic use, comorbidities
and the susceptibility of microbial isolates from blood
and urine to antibiotics. Any comorbid conditions were
categorized into the following disease groups: Urinary tract
abnormalities (urolithiasis, Foley catheter indwelling and
neurogenic bladder), cardiac disease (myocardial infarction
and congestive heart failure), cerebral disease (cerebrovas‑
cular accident, dementia and hemiplegia due to brain injury)
and immunocompromised conditions (kidney transplanta‑
tion, chemotherapy within the prior 6 months, leukemia,
lymphoma and metastatic cancer). Clinical symptoms,
laboratory tests and physical manifestations were also
recorded from the database. Acute Physiology and Chronic
Health Evaluation (APACHE) II scores (8) were measured
and recorded in patients treated in the intensive care unit
(ICU). The estimated glomerular filtration rate (eGFR) was
calculated using an abbreviated Modification of Diet in
Renal Disease (MDRD) equation (9). The variables used for
estimating treatment outcomes were the length of hospital
and ICU stay, septic shock, receiving continuous renal
replacement therapy (CRRT), days of antibiotic therapy,
days of intravenous antibiotic therapy, a recurrence of APN
within 12 months and death. Treatment failure was defined
as death or the recurrence of APN.
Microbiology and susceptibility tests. For urine cultures, urine
was inoculated onto 5% sheep's blood and MacConkey agar
(both from Asan Pharmaceutical Co., Ltd.) and incubated at
35˚C. The broth was maintained under these conditions for
5 days and examined for growth daily. Blood cultures was

generated by inoculating 10 ml of sampled blood into aerobic
and anaerobic BD BACTEC™ Plus (BD Diagnostics) in the
appropriate medium bottles. Both aerobic and anaerobic
bottles were incubated in the BD BACTEC FX blood culture
system (BD Diagnostics) at 35˚C in 5% CO2 for 5 days. The
broth was then sub‑cultured in 5% sheep's blood and chocolate
agar (Asan Pharmaceutical Co., Ltd.) and incubated at 35˚C
in 5% CO2 for 2 days. The isolated organisms were identified
using the MALDI Biotyper® system (Bruker). Antimicrobial
susceptibility tests were conducted using an automated
MicroScan® system (Beckman Coulter, Inc.). The determi‑
nation of the MIC breakpoint for each antimicrobial agent
and confirmation of ESBL production were performed in
accordance with the guidelines of the Clinical and Laboratory
Standards Institute (CLSI) (10).
Statistical analysis. Demographic and clinical characteristics
were presented as percentages for categorical variables and as
the mean ± standard deviation (SD) for continuous variables.
Chi‑squared tests were used to compare categorical variables
and Student t‑tests were used for continuous variables. The
Chi‑squared test or Fisher's exact test were used to analyze
the changes in antibiotic susceptibility and percentage of
isolates producing ESBLs. Logistic regression analysis was
used to estimate the odds ratios (ORs) with 95% confidence
intervals (CIs). Variables with a P‑value of <0.05 in the unad‑
justed models were entered into the multivariable regression
model. Cox proportional hazards regression models were used
to investigate the impact of ESBL on treatment outcomes. To
further adjust for potential confounders, inverse probability
weights were incorporated into the Cox proportional hazard
regression models. The weights for the ESBL group were the
inverse of the propensity scores, and those for the non‑ESBL
group were the inverse of 1‑the propensity scores (11). Variables
that were considered potential confounders based on previous
literature (11‑17) or clinical relevance to the model, i.e., age,
sex, Foley catheter indwelling, immunocompromised condi‑
tion and nursing home residence were included. All statistical
analyses were performed using R 4.0.0 (www.r‑project.
org). P‑values <0.05 were considered to indicate statistically
significant differences.
Results
Study population and isolated pathogens. A total of
882 patients were hospitalized with APN at Konyang
University Hospital from January, 2010 to December, 2018
and were enrolled in the initial study population. In
580 (65.7%) of these cases, bacteria were cultured from
urine samples. Otherwise, in 651 (73.8%) of the APN cases,
bacteria were cultured from either urine or blood samples.
The isolated bacteria and their frequency in the study popu‑
lation are presented in Table I. Notably, in 71 (8.0%) patients,
no bacteria grew in the urine cultures, but were detectable
in the blood cultures. The discordance rate for the bacteria
isolated from blood and urine cultures was 4.3%.
Antibacterial susceptibility. Escherichia coli (E. coli) was
found to be the most common cause of APN in the present
study cohort, exhibiting a sensitivity of 29.1% to ampicillin
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Table I. Bacterial isolates in the urine and blood cultures of patients with acute pyelonephritis.
Bacterial isolates

Urine culture

Escherichia coli, no. (%)
505 (57.4)
Klebsiella Spp, no. (%)
23 (2.6)
Enterococcus Spp, no. (%)
16 (1.8)
Proteus Spp, no. (%)
8 (0.9)
Enterobacter Spp, no. (%)
6 (0.7)
Pseudomonas Spp, no. (%)
5 (0.6)
Candida Spp, no. (%)
3 (0.3)
Two more Spp, no. (%)		
Other Spp, no. (%)
14 (1.6)
Total isolates, no. (%)
580 (65.8)
No culture test, no. (%)
4 (0.5)
No growth, no. (%)
298 (33.8)

Blood culture

Either urine or blood culture

267 (30.3)
8 (0.9)
11 (1.2)
2 (0.2)
3 (0.3)
2 (0.2)
0
6 (0.7)
47 (5.3)
346 (39.2)
2 (0.2)
534 (60.5)

522 (59.2)
18 (2)
18 (2)
7 (0.8)
5 (0.6)
3 (0.3)
2 (0.2)
44 (5)
32 (3.6)
651 (73.8)
2 (0.2)
229 (26)

All percentages were calculated out of the total number of included patients (n=882). Spp; species, no., number.

Figure 1. Flow chart demonstrating patient stratification into culture tests and ESBL production. APN, acute pyelonephritis; no, number; ESBL, extended
spectrum β‑lactamase; U, urine culture; UB, either urine or blood culture.

and 36.6% to ampicillin/sulbactam. The sensitivity level
to ceftazidime, cefepime and ciprofloxacin was >70%, but
<80%. However, the sensitivity to piperacillin/tazobactan,
meropenem and amikacin was >90%. ESBL‑producing
E. coli were 27.2%. More details on the susceptibility
test results for isolated bacteria other than E. coli, such
as Klebsiella, Enterococcus, Proteus, Enterobacter and
Pseudomonas are listed in Table SI. The changes in the
isolated uropathogen antibiotic susceptibility levels over
the 9‑year study period from 2010 to 2018 are illustrated
in Fig. 2. The bacterial susceptibility to ampicillin (28.4%),
ampicillin/sulbactam (38.9%), piperacillin/tazobactam
(95.4%), ciprofloxacin (70.2%) and amikacin (97.5%) had
not changed significantly over this time period (P= 0.802,
0.960, 0.258, 0.091 and 0.747, respectively). However, the
susceptibility rate to ampicillin and ampicillin/sulbactam
remained <40% during this time period. Notably, the bacte‑
rial susceptibility to ceftazidime and cefepime significantly
decreased during the observation period from 90% on
average in 2010 to 70% on average in 2018 (P= 0.003 and
0.039, respectively). The percentage of ESBL‑producing
bacteria detected over the 9‑year study period is shown in
Fig. 3. This was 6.3% in 2010, but had markedly increased
to >30% after 2015 (P= 0.001).
Risk factors for ESBL acquisition. The baseline character‑
istics of the patients in the present study are demonstrated

with the univariate analysis in Table SII. Age, male sex
and a rural area or nursing home residence were found to
be significantly associated with both the U‑ and UB‑ESBL
groups. As regards comorbid conditions, Foley catheter
indwelling, a cerebrovascular accident and dementia were
also significantly associated with both groups. Of note, a
history of antibiotic treatment was found to be significantly
associated with only the UB‑ESBL group. By multivariate
analysis, it was found that the male sex was an independent
risk factor for U‑ESBL (OR, 2.457; P= 0.015). On the other
hand, the male sex and a history of antibiotic treatments
were identified in this analysis as independent risk factors
for UB‑ESBL (OR, 2.572; P= 0.007; OR, 2.275; P= 0.026,
respectively) (Table II).
Clinical features of the ESBL and non‑ESBL groups. The
severity of illness of the study patients is presented in Table III.
When the severity of illness in the U‑ESBL group and
UB‑ESBL group was analyzed, respectively, the mean body
temperature and febrile period differed between the ESBL
and non ESBL groups. The other variables did not exhibit any
significant differences between groups.
Treatment and clinical outcomes in the ESBL group. As
regards the final treatment outcomes, there were nine
treatment failures, including four clinical recurrences and
five deaths. In the unadjusted analysis, the patients in the
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Figure 2. Antibiotic susceptibility of bacterial isolates from patients with acute pyelonephritis over the 9‑year period.

the patients with APN according to U‑ESBL are presented
in Table SIII.

Figure 3. Changes in the incidence of ESBL‑producing bacteria in acute
pyelonephritis patients over time. ESBL, extended spectrum β‑lactamase.

UB‑ESBL group exhibited a significantly higher mortality
rate and a higher CRRT rate than the non‑UB‑ESBL
(negative) cases (OR, 1.654; P= 0.015; OR, 1.447; P= 0.049,
respectively). However, the rate of clinical recurrences
did not differ significantly different between these groups
(OR, 1.222; P= 0.386). The duration of intravenous antibi‑
otic therapy and the length of hospital and ICU stay were
significantly higher in the UB‑ESBL group (Table IV).
Similar results were observed between the UB‑ESBL and
U‑ESBL groups. The results of treatment and outcomes in

Prognostic factors for APN treatment outcomes. UB‑ESBL
was found to be an independent prognostic factor along
with septic shock for poor outcomes of treatment for APN
[hazard ratio (HR), 8.380 P= 0.0002; HR, 4.538; P= 0.0252,
respectively]. To further control for potential confounding,
a pseudo‑population was created by applying weights so
that the demographic and baseline characteristics were well
balanced between the groups. When weights were incorpo‑
rated into a multivariable regression model, UB‑ESBL was
the only independent prognostic factor to emerge (HR, 8.439,
P= 0.0008) (Table V). A multivariable analysis of U‑ESBL
cases was also performed and it was found that this variable
did not negatively affect clinical outcomes. The independent
prognostic factor for adverse outcomes from APN was septic
shock. When weights were incorporated into a multivariable
regression model, U‑ESBL was not associated with clinical
failure (HR, 2.710; P= 0.915) (Table SIV).
Discussion
The present study investigated the microbial etiologies and
clinical impact of ESBL‑producing bacteria in a series of
patients with APN over a 9‑year period. The prevalence of
ESBL gradually increased and exceeded 30% from 2015.
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Table II. Multivariate analysis for risk factors associated with infection by ESBL‑producing isolates that cause acute
pyelonephritis.

Variable

U‑ESBL
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
OR (95% CI)
P‑value

UB‑ESBL
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
OR (95% CI)
P‑value

Age, >65 years
Sex, male
Residence, rural area
Residence, nursing home
Foley catheter
Cerebral diseasea
Previous antibiotic exposure

1.095 (0.705‑1.699)
2.457 (1.192‑5.067)
1.712 (0.950‑3.085)
1.632 (0.740‑3.595)
3.725 (0.895‑15.509)
1.823 (0.980‑3.390)
1.731 (0.772‑3.879)

1.098 (0.720‑1.673)
2.572 (1.295‑5.108)
1.712 (0.991‑2.956)
2.056 (0.974‑4.343)
1.157 (0.357‑3.749)
1.566 (0.860‑2.852)
2.275 (1.105‑4.680)

0.686
0.015
0.073
0.225
0.071
0.058
0.183

0.664
0.007
0.054
0.059
0.808
0.142
0.026

Patients with cerebral disease included those who diagnosed with dementia, cerebrovascular accident or hemiplegia due to brain damage.
ESBL, extended spectrum β‑lactamase; U, urine culture; UB, either urine or blood culture; OR, odds ratio; CI, confidence interval.
a

Table III. Clinical features of patients with acute pyelonephritis according to the presence of ESBL‑producing bacteria.

Variable
APACHE II score, mean (SD)
Temperature (˚C), mean (SD)
Mean BP (mmHg), mean (SD)
PR (beats/min), mean (SD)
RR (breaths/min), mean (SD)
eGFR (ml/min/1.73 m2), mean (SD)
WBC (103/µl), mean (SD)
CRP (mg/dl), mean (SD)
Total CO2 (mmol/l), mean (SD)
Febrile period (days), mean (SD)

U‑ESBL
UB‑ESBL
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Positive
Negative		 Positive
Negative
(n=144)
(n=367)
P‑value
(n=163)
(n=378)
P‑value
15.36 (5.085)
37.49 (0.940
82.5 (10.621)
84.85 (14.088)
20.03 (2.046)
67.44 (33.06)
13.61 (5.671)
14.74 (9.568)
21.34 (4.079)
3.20 (2.986)

12.60 (2.757)
37.72 (1.063)
83.61 (12.151)
83.85 (15.516)
20.36 (3.225)
72.78 (32.85)
12.74 (5.493)
13.30 (8.947)
21.84 (3.577)
2.28 (1.651)

0.137
0.019
0.337
0.502
0.258
0.122
0.110
0.112
0.319
0.001

16.46 (6.86)
13.08 (3.90)
37.47 (0.93)
37.71 (1.06)
82.51 (10.50) 83.60 (12.09)
85.23 (13.98) 83.73 (15.45)
20.12 (2.07)
20.37 (3.19)
70.42 (37.05) 72.58 (32.87)
13,780 (5808) 12,790 (5,477)
15.24 (9.58)
13.55 (9.11)
21.28 (4.00)
21.90 (3.63)
3.29 (3.156)
2.29 (1.734)

0.148
0.013
0.319
0.287
0.357
0.526
0.065
0.071
0.184
0.001

ESBL, extended‑spectrum β‑lactamase; APACHE, Acute Physiology and Chronic Health Evaluation; BP, blood pressure; PR, pulse rate;
BR, respiratory rate; eGFR, estimated glomerular filtration rate; WBC, white blood cell; CRP, C reactive protein; U, urine; UB, either urine or
blood.

UB‑ESBL, but not U‑ESBL, was found to be an independent
prognostic factor of poor clinical outcomes along with septic
shock. Significant risk factors for UB‑ESBL were the male
sex and previous antibiotic exposure in the present study
series.
The prevalence of ESBL‑producing bacteria in UTIs
has been reported in previous studies to range from 8.7
to 50.5% (12‑17). In the current study, the prevalence
of ESBL‑producing bacteria patients with APN gradu‑
ally increased, from 6.3% in 2010 to 30% in 2018. As the
antibiotic resistance of causative bacteria of APN rapidly
increases, recently updated 2018 Korean guidelines recom‑
mended for early empirical antibiotic administration for
patients with APN who require hospitalization, broad
spectrum antibiotics such as 3rd generation cephalosporins,
piperacillin‑tazobacam, or carbapenems until susceptibility

results are obtained (18). As the guidelines did not recom‑
mend only one specific antibiotic, they offer many options
depending on the situation, the choice of empiric antibiotics
for APN patients should be made by the physicians based
on the regional frequency of antibiotic resistance and the
severity of illness. Based on the results of the present study,
the use of carbapenem as a primary treatment for APN in
Korea is expected to increase rapidly. The development of
carbapenem resistant bacteria is of concern. The resistance
of the isolated bacteria to meropenem in the patients with
APN in the present study gradually increased over the study
period, although the susceptibility testing for carbapenem
was performed from 2016.
The multivariate analysis identified a male sex and previous
antibiotic exposure as risk factors for ESBL‑producing bacterial
infection. Previous studies have reported varied risk factors for
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Table IV. Treatment of acute pyelonephritis according to the presence of ESBL‑producing bacteria.
UB‑ESBL
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Positive (n=163)
Negative (n=378)
OR (95% CI)
P‑value

Variables
Hospital stay (days), mean (SD)
ICU stay (days), mean (SD)
Septic shock, no. (%)
CRRT, no. (%)
Days of antibiotic therapy, mean (SD)
Days of IV antibiotic use, mean (SD)
Recurrence, no. (%)
Mortality, no. (%)

14.31 (9.71)
0.80 (2.33)
11 (6.0)
4 (2.0)
14.83 (8.04)
13.23 (7.64)
2 (1.2)
4 (2.5)

8.01 (4.26)		
0.32 (1.168)		
21 (5.6)
1.046 (0.888‑1.233)
2 (0.5)
1.447 (1.001‑2.092)
14.48 (5.416)		
7.20 (3.34)		
2 (0.5)
1.222 (0.778‑1.919)
1 (0.3)
1.654 (1.106‑2.474)

0.001
0.013
0.59
0.049
0.609
0.001
0.386
0.015

ESBL, extended‑spectrum β‑lactamase; ICU, intensive care unit, no number; CRRT, continuous renal replacement; therapy; IV, intravenous;
UB, either urine or blood; OR, odds ratio; CI, confidence interval.

Table V. Multivariable analysis for prognostic factors associated with clinical failure in patients with acute pyelonephritis.

Variable
UB‑ESBL
Age, >65 years
Sex, male
Cardiac diseasea
Cerebral diseaseb
Septic shock

Unweighted
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
HR (95% CI)
P‑value
8.380 (2.7067‑25.946)
1.050 (0.2914‑3.785)
1.692 (0.4364‑6.6561)
1.726 (0.2088‑14.260)
1.470 (0.3736‑5.785)
4.538 (1.2070‑17.064)

0.0002
0.9404
0.4468
0.6126
0.5814
0.0252

Weighted
‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑---------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑-‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
HR (95% CI)
P‑value
8.439 (2.3986‑29.694)
1.462 (0.2115‑10.111)
1.471 (0.3273‑6.613)
4.900 (0.5790‑41.479)
1.842 (0.3655‑9.288)
4.450 (0.9338‑21.209)

0.0008
0.7000
0.6147
0.1447
0.4590
0.0609

Patients with cardiac disease included those diagnosed with congestive heart failure or ischemic heart disease. bPatients with cerebral disease
patients included cases of dementia, cerebrovascular accident or hemiplegia due to brain damage. ESBL, extended‑spectrum β‑lactamase;
UB, either urine or blood; HR, hazard ratio; CI, confidence interval.
a

ESBL‑producing bacteria, and such as male or female sex, cere‑
brovascular disease, intubation/tracheostomy, major surgery
within 60 days, immunocompromised status and antimicrobial
usage during the preceding 60 days (11,19). The present study
has confirmed many of the findings of these previous studies.
Some previous studies have reported a higher mortality rate
for patients infected with ESBL‑producing bacteria (20‑23),
whereas other reports have not noted this difference (24). In
the present study, it was found that the UB‑ESBL variable
played an important role in predicting disease mortality and
recurrences corresponding to clinical failure. The present
study further subdivided the ESBL‑group and non‑ESBL
groups into positive/negative urine culture (U‑ESBL,
non‑U‑ESBL) and either urine or blood culture (UB‑ESBL,
non‑UB‑ESBL) groups. The results indicated that both urine
and blood culture tests are important for the proper treatment
of APN patients. In the present study, the blood cultures were
positive in 71 patients whose bacteria were not cultured in
the urine culture. In 19 of these patients, ESBL‑producing
bacteria were identified in a blood culture. Velasco et al (25)
suggested that there was no need to perform a blood culture

test in patients with APN due to the low discordance rate and
no difference in the clinical course of patients whose urine
culture and blood culture results do not match. Antibiotic
susceptibility testing is usually not performed in the labora‑
tory if the patient's bacterial count is <103 CFU. However,
if the patient is exposed to antibiotics prior to the visit to
the hospital or the urine is diluted, the bacteria in the urine
sample may not grow to 103 CFU and a positive case of UTI
may go undetected. In these cases, as shown in the present
study, blood culture tests play an important role in conjunc‑
tion with urine culture tests for detecting APN and initiating
the appropriate treatment.
The present study had several limitations which should
be noted. In the first instance, this was a retrospective chart
review study conducted at a single center which can have
introduced selection and information biases. Bacteria were
not identified from cultures in 33.8% of the current cases
and the treatments of these patients were therefore not based
on the causative microbes. There was also no information on
the bacterial genotypes. Since there were very few patients
with recurrence within 6 months, patients with recurrence
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of APN within 1 year were included in the treatment failure.
Notwithstanding these limitations however, the strength of
the present study was that recent data from a large cohort
of 882 patients that had been treated for APN over the past
9 years were analyzed. The authors also tried to overcome the
inherent limitations of a retrospective chart review study by
incorporating inverse probability weights when analyzing the
impact of ESBL‑producing bacteria on clinical outcomes.
In conclusion, the present study demonstrates that the
frequency of ESBL‑producing bacteria in APN cases now
exceeds 30% and UB‑ESBL was associated with poor clinical
outcome. The use of carbapenems is expected to increase,
and there is concern regarding the occurrence of resistance
bacteria. Accordingly, global efforts to reduce resistance
bacteria and the development of new treatment method to treat
bacteria are required. In addition, the results of the present
study have emphasized the importance of blood culture test, as
well as urine culture test for the successful treatment of APN.
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