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2019 to December 2021. All female patients aged > 19 years who were diagnosed with community-acquired
APN on admission were enrolled. The recurrent group included patients with APN who experienced urinary

i?:l ‘geogcirsélonephritis tract infections within the previous year. The clinical characteristics, types of causative organisms, major
Recurrent antibiotic resistance, and molecular characteristics of Escherichia coli strains were compared between the
Urinary tract infection recurrent and non-recurrent groups.
South Korea Results: A total of 285 patients with APN were analyzed, including 41 (14.4%) in the recurrent group.
Escherichia coli Compared to the non-recurrent group, the recurrent group had a higher Charlson Comorbidity Index
(1.8 £ 21 vs. 1.1 = 1.5; P = 0.01) and a higher proportion of bladder abnormalities, such as neurogenic
bladder (12.2% vs. 2.0%; P = 0.001) and urinary catheterization (12.2% vs. 1.6%; P < 0.001). Escherichia coli
was the most common causative organism in both groups. The proportion of Klebsiella pneumoniae (17.1% vs.
4.7%; P=0.007) and Pseudomonas aeruginosa (5.7% vs. 0.5%; P = 0.014) as a causative organism was higher in
the recurrent group. Regarding the microbiological characteristics of Escherichia coli, there were no sig-
nificant differences in the proportion of antibiotic resistance, phylogenetic groups, resistance genes, and
virulence factors between the two groups. Multivariable analysis showed that neurogenic bladder and a
history of admission or antibiotic use during 1 year prior to inclusion were significantly associated with
recurrent APN.
Conclusions: The proportion of causative organisms except Escherichia coli was higher in the recurrent
group than in the non-recurrent group. Neurogenic bladder and a history of admission or antibiotic use
during 1 year prior to inclusion were risk factors for recurrent APN.
© 2023 The Author(s). Published by Elsevier Ltd on behalf of King Saud Bin Abdulaziz University for Health
Sciences. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/li-
censes/by-nc-nd/4.0/).
Introduction
Acute pyelonephritis (APN), one of the most common commu-
- nity-acquired bacterial infections, is an upper urinary tract infection
Abbrevi.at.ions: APN, acute pyglonephritis; CA-APN,. community-acquirv.ed acute (UTI) commonly caused by Escherichia coli [1]. In the United States,
pyelonephritis; UTI, urinary trac't infection; MLST, multilocus sequgncg typmg; ESC, the annual incidence of APN is 15-17 cases per 10, 000 adults, with
extended spectrum cephalosporin; BL/BLI, beta-lactam/beta-lactam inhibitor; PMQR, . . . L. .
plasmid-mediated quinolone resistance; OR, odds ratio; Cl, confidence interval women accounting for 80% of cases [2] This hlgher incidence in
+ Correspondence to: Department of Internal Medicine, Hanyang University College women is due to anatomical differences in the urinary tract, such as
of Medicine, 222-1 Wangsimni-ro, Seongdong-gu, Seoul 04763, South Korea. a shorter urethra in women than in men [3]. In South Korea, the
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annual incidence of APN is 39.1 per 10,000 adults, with women
being 11 times more likely to be diagnosed and treated for APN than
men [4]. It is usually treated well with antibiotics [5], but can
sometimes cause severe symptoms or even death, with a mortality
rate of 5-20% when bacteremia is present [6].

APN tends to recur in approximately 10% of patients [7]. In South
Korea, approximately 15% of patients with APN experience recur-
rence within 1 year, and the recurrence rate increases with the
number of previous recurrences [4]. Understanding recurrent APN is
important because they affect the quality of life of the patient, in-
crease medical costs, and increase the risk of antibiotic re-
sistance [8].

Some studies have attempted to understand the characteristics of
recurrent UTI, and many risk factors have been identified [9]. In a
retrospective study conducted in the US, the risk factors for recur-
rence were neurogenic bladder, history of UTI, and fluoroquinolone
nonsusceptibility of the index UTI [10]. However, because these
studies focused on UTI and not APN, it remains questionable whe-
ther the study results can be applied to patients with APN. Studies
on recurrent UTI in South Korea are limited. The aim of this study
was to examine the clinical and microbiological characteristics of
patients with APN who experienced UTIs within the previous year, in
South Korea.

Material and methods
Patients and study design

A single-center cohort study was conducted at a 855-bed uni-
versity-affiliated tertiary care hospital in South Korea from July 2019
to December 2021. All female patients aged > 19 years who were
diagnosed with community-acquired APN (CA-APN) on admission
were prospectively screened and enrolled through a retrospective
medical record review. Male patients were not included because
their clinical features of APN are significantly different from those in
female patients [3,4].

The inclusion criteria of CA-APN were fever (body temperature
>38 °C) and 2 3 of the followings: (1) back pain, (2) costovertebral
angle tenderness, (3) symptoms of lower UTI (dysuria, urgency,
frequency, and suprapubic pain), (4) pyuria (25-9 white blood cells
per high-power field), or (5) leukocytosis (white blood cell count
> 11,600 /mm> with bands >65%) [11]. Patients diagnosed with APN
48 h after admission, those transferred from other hospitals, those
without follow-up, and those with insufficient data were excluded.
Patients with prolonged hospitalization of > 28 days owing to
medical problems not associated with APN treatment were also
excluded.

The clinical characteristics of patients with APN and a history of
UTI within 1 year were compared with those of patients without UTI.
Additionally, the microbiological characteristics of E. coli, the cau-
sative pathogen of APN isolated from those patients, were compared.

Clinical data and definitions

Data on demographic characteristics (age and sex), risk factors,
initial clinical features, antibiotic prescriptions, and clinical out-
comes were collected through a retrospective review of medical
records. Risk factors included comorbidities, structural and func-
tional abnormalities of the urinary tract, and histories associated
with the development of APN.

Comorbidities included components of the Charlson Comorbidity
Index and bedridden status [12]. Urinary tract conditions included
neurogenic bladder, urinary catheterization, and intermittent ca-
theterization. Patients with structural and functional abnormalities
of the urinary tract were defined as those with > 1 urinary tract
condition. Histories associated with the development of recurrent
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UTIs included a history of admission and antibiotic use within 1 year
prior to inclusion, a history of antibiotic use within 1 month prior to
inclusion, the wuse of chemotherapeutic agents and im-
munosuppressants, and a history of urinary catheterization within 1
month prior to inclusion.

The initial clinical features included Pitt bacteremia score [13],
symptoms of UTI, costovertebral angle tenderness, back pain, vo-
miting/diarrhea, hematuria (25-9 red blood cells per high-power
field), and azotemia (serum blood urea nitrogen >20 mg/dL and/or
serum creatinine >1.4 mg/dL). The clinical failure rate, hospitaliza-
tion days, febrile days, and total antibiotic duration were evaluated
to assess clinical outcomes. Clinical failure was defined as death or
APN recurrence within 14 days of therapy.

Data on antibiotic prescriptions for APN were also collected. The
antibiotics prescribed within 48 h of admission and those continued
for 48 h or more were considered 'initial empirical antibiotics,” and
antibiotics prescribed used within 48 h after report of culture result
and continued for 48 h or more were considered ’definitive anti-
biotics’. Any antibiotics used at least once during the treatment of
APN were considered ‘total antibiotics’. If the susceptibility results of
the identified pathogen showed T’ (intermediate) or 'R’ (resistant) to
the initially empirical antibiotics, it was regarded as ‘discordant
empirical antibiotic therapy’ [14]. Third- and fourth-generation ce-
phalosporins were considered to be extended-spectrum cephalos-
porins [15].

In this study, we defined the ‘recurrent group’ as APN patients
with a history of UTI (APN or cystitis) within the previous
year [16,17].

Microbiological analyses

At the study hospital, blood and/or urine cultures were routinely
obtained upon admission to evaluate the causative organisms and
their antibiotic susceptibility. Among the causative pathogens, E. coli
was subcultured, and additional microbiological and molecular
analyses were performed.

Antibiotic susceptibility testing

Etiological agents were identified when urinary pathogens were
isolated from blood and/or microorganisms at a concentration of
> 10° CFU/mL were isolated from urine. When the results of the
blood and urine tests differed, the results of the blood tests were
adopted. Bacterial species were identified and their antibiotic sus-
ceptibility was determined using a semi-automated system
(bioMérieux Vitek, Hazelwood, MO, USA or MicroScan Dade Behring,
West Sacramento, CA, USA). The breakpoints of each compound
were defined with reference to the Clinical and Laboratory Standards
Institute [18], and R (resistance) or I (intermediate) were defined as
resistance [15].

Additional in vitro antibiotic susceptibility testing was performed
using the agar dilution or broth microdilution method according to
the Clinical and Laboratory Standards Institute guidelines for the
following antibiotics [18]: amikacin (8-512 pg/mlL), cefepime
(1-512 pg/mL), ciprofloxacin (0.5-512 pg/mL), fosfomycin
(32-512 pg/mL), imipenem (1-512 pg/mL), nitrofurantoin
(0.5-512 pg/mL), piperacillin/tazobactam (8-512 pg/mL), and tri-
methoprim/sulfamethoxazole (2-512 pg/mL).

DNA extraction

Bacterial lysates were prepared by suspending 5-10 E.coli co-
lonies in 500 pL of purified water, heating at 100 °C for 10 min, and
centrifuging at 13,000 xg for 5 min. Supernatants were stored at
-20 °C until PCR was performed.
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Phylogenetic typing

For phylogenetic analysis of the isolated E. coli strains, chuA, yjaA,
arpA, and TspE4. C2 genes were amplified by multiplex PCR and
classified as previously described [19].

Multilocus sequence typing (MLST) and analysis

Seven housekeeping genes (adk, fumC, gyrB, icd, mdh, purA, and
recA) were amplified using specific primers. Sequence analysis was
performed and ST was obtained (https://pubmlst.org/). PCR was
performed using AccuPower® Taq Master Mix (Bioneer, Daejeon,
Korea) in a total reaction volume of 20 uL, using the following con-
ditions: initial denaturation for 2 min at 95 °C, followed by 30 cycles
of 60 s at 95 °C, 60 s at 54-60 °C, and 2 min at 72 °C, and a final
extension for 5 min at 72 °C.

Purified PCR products were bidirectionally sequenced by Bioneer.
Multiple sequence alignments were performed using the BLAST
program of the National Center for Biotechnology Information and
concatenated using MEGA 6.0 [20]. Phylogenetic trees were con-
structed using the maximum likelihood method with 1000 bootstrap
replicates.

Resistance genes and virulence factors

Extended-spectrum B-lactamase (blacrx.y), plasmid-mediated
AmpC B-lactamase (blacyy), and plasmid-mediated quinolone re-
sistance encoding genes (qnr and aac(6')-lb-cr) were amplified using
AccuPower® PCR Premix (Bioneer). PCR was performed in a 20-pL
reaction volume containing 2 uL of DNA template, 0.5 pL of forward
and reverse primers, and 17 uL of sterile distilled water. The target
genes were amplified using specific primers [21,22]. The PCR con-
ditions were as follows: initial denaturation at 95 °C for 3 min fol-
lowed by 30 cycles of denaturation at 95 °C for 45 s, annealing at
primer-specific temperatures (58 °C for blacrx.p, 52 °C for blacyy,
53 °C for gnr, and 55 °C for aac(6')-lb-cr) for 45 s, elongation at 72 °C
for 50 s, and a final extension step at 72 °C for 5 min.
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Multiplex PCR was performed to screen for 11 virulence factors:
fimH, papA, papEF, sfa/foc, ompT, hlyA, sat, fyu, iutA, kpsMTII, and
usp [23,24].

Statistical analysis

All statistical analyses were conducted using SPSS for Windows
(version 21; IBM Corp., Armonk, NY, USA). Categorical variables were
analyzed using Fisher's exact test and continuous variables were
analyzed using independent t-tests. Multivariable logistic regression
analysis was performed to determine the risk factors for APN in
patients with a history of UTI within the previous year. To avoid
collinearity, we adopted a stepwise regression method with back-
ward elimination. Statistical significance was defined as a two-tailed
P-value < 0.05.

Ethics statement

The study protocol was approved by the Institutional Review Board
of Hanyang University Seoul Hospital (approval number: 2022-04-007).
The requirement for written informed consent was waived.

Results
Comparison of demographic characteristics and risk factors

A flowchart of the patient selection process is shown in Fig. 1. A total
of 285 patients were included in this study, of whom 41 (14.4%) were
included in the recurrent group. The demographic characteristics and
risk factors of female patients with community-acquired APN are sum-
marized in Table 1. The mean age of the recurrent group was 61.7 + 18.5
years, which was not significantly different from that of the non-re-
current group (62.4 + 18.7 years) (P = 0.817). The recurrent group had a
significantly higher Charlson Comorbidity Index than the non-recurrent
group (1.8 + 2.1 vs. 1.1 £ 1.5; P = 0.010). Regarding factors associated
with the Charlson Comorbidity Index, the proportion of patients with

All female patients aged 219 years who were diagnosed with community-acquired acute
pyelonephritis from July 2019 to December 2021

(n=552)
Patients excluded by following criteria
1) those without follow-up (n=23)
2) those with prolonged hospitalization of >28 days

owing to medical problems not associated with
APN treatment (n=28)
3) those with insufficient data (n=172)

Patients who met inclusion criteria (n=329)

——>

Overlapped cases were excluded except for the most
recent admission record if a patient had multiple
hospitalization records (n=44)

Patients who met inclusion criteria (n=285)

l

|

Patients who experienced urinary tract
infection within the previous year:
recurrent group
(n=41, 14.4 %)

l

Patients who did not experienced
urinary tract infection within the
previous year: non-recurrent group
(n=244, 85.6 %)

Fig. 1. Flowchart describing patient inclusion criteria.
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Table 1
Comparison of demographic data and risk factors of community-acquired acute pyelonephritis between the patients of recurrent group and that of non-recurrent group.
Recurrent Non- P
(n=41) recurrent
(n=244)
Demographic data
Age (years), mean + SD 61.7+18.5 62.4+18.7 0.817
Underlying co-morbidities

Charlson comorbidity index, mean +SD 1.8+21 1115 0.010 *
Diabetes mellitus 17 (41.5) 88 (36.1) 0.507
Renal disease 10 (24.4) 19 (7.8) 0.001 *
Connective tissue disease 6 (14.6) 21 (8.6) 0.223
Congestive heart failure 4(9.8) 19 (7.8) 0.668
Cerebrovascular accident 4(9.8) 18 (7.4) 0.597
Tumor without metastases 4(9.8) 10 (4.1) 0.121
Dementia 3(7.3) 11 (4.5) 0.441
Chronic pulmonary disease 2 (4.9) 2(0.8) 0.041 *
Myocardial infarction 1(2.4) 7 (2.9) 0.877
Liver disease 0(0) 6 (2.5) 0.310
Hemiplegia 0(0) 3(1.2) 0.475
Metastatic solid tumor 0(0) 2(0.8) 0.561

Bedridden state 4(9.8) 0.004 *

Underlying urinary tract conditions 4(1.6)

Urinary structural or functional abnormality 12 (29.3) 58 (23.8) 0.449
Neurogenic bladder 5(12.2) 5(2.0) 0.001 *
Urinary catheterization 5(12.2) 4 (1.6) <0.001
Urolithiasis 4(9.8) 40 (16.4) 0.276
Intermittent catheterization 3(7.3) 0(0) <0.001 *
Urinary retention 2(49) 2(0.8) 0.041 *
Bladder diverticulum 1(2.4) 3(1.2) 0.542
Surgically reconstructed bladder 1(2.4) 0(0) 0.015 *
Polycystic kidney 0(0) 1(0.4) 0.681
Renal tumor or fibrosis 0(0) 2(0.8) 0.561

Past history

History of admission during 1 year prior to inclusion 21 (51.2) 29 (11.9) <0.001 *

History of antibiotic usage during 1 year prior to inclusion 37 (90.2) 70 (28.7) <0.001 *

History of antibiotic usage during 1 month prior to inclusion 17 (41.5) 57 (23.4) 0.014

Use of chemotheraputic agents 1(2.4) 3(1.2) 0.542

Use of immunosuppressants 8(19.5) 19 (7.8) 0.018

History of urinary catheterization during 1 month prior to inclusion 2 (49) 4(1.6) 0.181

Note: Data are numbers (%) of patients, unless otherwise indicated.
Abbreviations: SD, standard deviation.
" Pvalue < 0.05

chronic pulmonary (4.9% vs. 0.8%; P=0.041) and renal (24.4% vs. 7.8%; P =
0.001) disease was significantly higher in the recurrent group than in the
non-recurrent group. The proportion of bedridden patients was also
higher in the recurrent group than in the non-recurrent group (9.8% vs.
1.6%; P = 0.004).

Several urinary tract conditions were more prevalent in the re-
current group than in the non-recurrent group, including neurogenic
bladder (12.2% vs. 2.0%; P=0.001), urinary retention (4.9% vs. 0.8%;
P=0.041), intermittent catheterization (7.3% vs. 0.0%; P < 0.001),
urinary catheterization (12.2% vs. 1.6%; P < 0.001), and surgically
reconstructed bladder (2.4% vs. 0.0%; P=0.015). The proportion of
patients with a history of admission (51.2% vs. 11.9%; P < 0.001) or
antibiotic use (90.2% vs. 28.7%; P < 0.001) during 1 year prior to
inclusion and immunosuppressant use (19.5% vs. 7.8%; P=0.018) was
also higher in the recurrent group than in the non-recurrent group.

Comparison of clinical characteristics and outcomes

Table 2 shows that there were no significant differences in clin-
ical characteristics between the two groups. ESC was the most
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common empirical and definitive antibiotic regimen in both groups
followed by BL/BLI, although the proportions were not significantly
different. The proportion of discordant empirical antibiotic therapy
did not show a significant difference between two groups (25.7% vs.
17.9%, P=0.348). Clinical outcomes, including the clinical failure rate
(4.9% vs. 4.5%; P =0.916), hospitalization days (7 vs. 8 days; P=0.412),
febrile days (1 vs. 2 days; P=0.345), and total antibiotic duration
(15.8 + 6.4 vs. 18.1 £ 8.2 days; P=0.081), were also not significantly
different between the two groups.

Comparison of causative organisms of community-acquired APN

Etiologic agents were detected in 35 and 190 patients in the re-
current and non-recurrent groups, respectively. E. coli was the most
common causative organism in both groups. However, the propor-
tion of E. coli as a causative organism was significantly lower in the
recurrent group than in the non-recurrent group (68.6% vs. 91.9%;
P < 0.001). Conversely, the proportion of Klebsiella pneumoniae
(17.1% vs. 4.7%; P=0.007), Pseudomonas aeruginosa (5.7% vs. 0.5%;
P=0.014), Enterococcus spp. (5.7% vs. 0.5%; P=0.014), and
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Table 2
Comparison of clinical characteristics of community-acquired acute pyelonephritis between the patients of recurrent group and that of non-recurrent group.
Recurrent Non-recurrent P
(n=41) (n=244)

Clinical characteristics
Pitt’s score, mean +SD 0.9+1.0 1.0+1.1 0.445
Costovertebral angle tenderness 35(85.4) 212 (86.9) 0.791
Urinary tract infection symptoms 26 (63.4) 151 (61.9) 0.852
Back pain 21 (51.2) 127 (52.0) 0.922
Azotemia 20 (48.8) 110 (45.1) 0.660
Hematuria 19 (46.3) 147 (60.2) 0.095
Vomiting/diarrhea 10 (244) 68 (27.9) 0.644

Initial empirical antibiotics
ESC 30 (73.2) 169 (69.3) 0.614
BL/BLI 11 (26.8) 55 (22.5) 0.547
FQ 0(0) 16 (6.6) 0.091
Carbapenem 2 (4.9) 11 (4.5) 0.916
Aminoglycoside 0(0) 0(0) -
Trimethoprim/sulfamethoxazole 0(0) 1(0.4) 1.000
Others 1(24) 2(0.8) 0.374

Definitive antibiotics
ESC 18/35 (51.4) 101/190 (53.2) 0.856
BL/BLI 7/35 (20.0) 40/190 (21.1) 1.000
FQ 12/35 (34.3) 49/190 (25.8) 0.306
Carbapenem 2/35(5.7) 17/190 (8.9) 0.745
Aminoglycoside 1/35(2.9) 2/190 (1.1) 0.399
Trimethoprim/sulfamethoxazole 0/35 (0) 0/190 (0) -
Others 0/35 (0) 1/190 (0.5) 1.000

Total antibiotics
ESC 37 (90.2) 210 (86.1) 0.466
BL/BLI 20 (48.8) 121 (49.6) 0.924
FQ 15 (36.6) 89 (36.5) 0.989
Carbapenem 5(12.2) 39 (16.0) 0.534
Aminoglycoside 1(2.4) 5(2.0) 1.000
Trimethoprim/sulfamethoxazole 0(0) 6 (2.5) 0.598
Others 2 (4.9) 8(3.3) 0.641

Discordant empirical antibiotic therapy 9/35 (25.7) 34/190 (17.9) 0.348

Clinical outcomes
Clinical failure 2 (4.9) 11 (4.5) 0.916
Hospitalization days, median (IQR) 7 (6-8.5) 8 (7-11) 0.412
Febrile days, median (IQR) 1(1-3) 2(1-3) 0.345
Duration of total antibiotics, days, mean +SD 15.8+6.4 18.1+8.2 0.081

Causative pathogen of APN
Escherichia coli 24/35 (68.6) 173/190 (91.9) <0.001
Klebsiella pneumonia 6/35 (17.1) 9/190 (4.7) 0.007
Proteus spp. 0/35 (0) 4/190 (2.1) 0.386
Enterobacter spp. 0/35 (0) 0/190 (0) -
Citrobacter spp. 0/35 (0) 0/190 (0) -
Pseudomonas aeruginosa 2/35(5.7) 1/190 (0.5) 0.014 *
Acinetobacter baumanii 0/35 (0) 0/190 (0) -
Enterococcus spp. 2/35 (5.7) 1/190 (0.5) 0.014
Staphylococcus aureus 1/35(2.9) 0/190 (0) 0.020 *
Others 0/35 (0) 2/190 (1.1) 0.542

Surgical procedure or intervetion related to APN 6/35 (14.6) 28/190 (11.5) 0.564

Note: Data are numbers (%) of patients, unless otherwise indicated.

Abbreviations: SD, standard deviation; ESC, extended-spectrum cephalosporin; FQ, fluoroquinolone; BL/BLI, beta-lactam/beta-lactamase inhibitor; IQR, inter-

quartile range.
" P value < 0.05

Staphylococcus aureus as a causative organism (2.9% vs. 0.0%;
P =0.020) was significantly higher in the recurrent group than in the
non-recurrent group (Table 2).

Antibiotic resistance of E. coli isolates

The antibiotic resistance of E. coli isolates from patients with
CA-APN is shown in Table 3. There were no significant differences
in the proportion of E. coli isolates with resistance to antibiotics
such as amikacin (0.0% vs. 0.8%; P=1.000), cefotaxime (25.0% vs.
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22.5%; P=0.788), ciprofloxacin (22.2% vs. 24.6%; P=1.000), pi-
peracillin/tazobactam (0.0% vs. 5.4%; P=0.598), and trimetho-
prim/sulfamethoxazole (44.4% vs. 38.5%; P=0.618) between the
two groups.

Molecular epidemiology and virulence factors

Table 4 shows the molecular epidemiology and distribution of
virulence factors in E. coli isolated from CA-APN. Group B2 (77.8% vs.
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Table 3
Comparison of antimicrobial resistance of E.coli isolates in the patients of recurrent group and those in non-recurrent group.
Recurrent (n = 24) Non-recurrent (n = 173) p*
Antibiotics
Resistance (%) MICsg (pg/Me) MICgp (pg/Me) Resistance (%) MICsg (pg/Me) MICgg (pg/Me)

Amikacin® 0(0) 8 16 1(0.8) 4 8 1.000
Amoxicillin/clavulanate 4(16.7) <8/4 16/8 34 (19.7) <8/4 16/8 0.728
Ampicillin 18 (75.0) >16 >16 116 (67.1) >16 >16 0.434
Ampicillin/sulbactam 18 (75.0) 16/8 >16/8 97 (56.1) 16/8 >16/8 0.078
Aztreonam 5(20.8) <1 >16 38 (22.0) <1 >16 0.900
Cefepime” 5(27.8) 32 32 23 (17.7) 32 32 0.337
Cefotaxime 6(25.0) <1 >16 39 (22.5) <1 >32 0.788
Cefoxitin 2(8.3) <8 <8 9(5.2) <8 <8 0.531
Ceftazidime 5(20.8) <1 >16 38 (22.0) <1 16 0.900
Cefuroxime 6 (25.0) <4 >16 45 (26.0) <4 >16 0.916
Ciprofloxacin” 4(22.2) <0.5 1 32 (24.6) <0.5 1 1.000
Levofloxacin 5(20.8) <1 >4 50 (28.9) <1 >4 0.476
Colistin 0 (0) <2 <2 0(0) <2 <2 -
Gentamicin 7 (29.2) <2 >8 45 (26.0) <2 >8 0.742
Imipenem” 0(0) <1 <1 0(0) 0.5 <1 -
Meropenem 0(0) <1 <1 0(0) <1 <1 -
Fosfomycin” 0(0) <32 128 1(0.8) <32 128 1.000
Nitrofurantoin® 2 (11.1) 16 32 12 (9.2) 16 32 0.680
Piperacillin 16 (66.7) >64 >64 112 (64.7) >64 > 64 0.853
Piperacillin/tazobactam” 0(0) 8 8 7 (5.4) 2 8 0.598
Trimethoprim/sulfamethoxazole” 8 (44.4) <4/76 8/152 50 (38.5) 2/38 8/152 0.618
Tobramycin 6 (25.0) <2 >8 42 (24.3) <2 >8 0.938
Tigecycline 0(0) <1 <1 0(0) <1 <1 -

Note: Data are numbers (%) of patients, unless otherwise indicated.
2 Comparison of resistance rate between recurrent and non-recurrent groups.

b In vitro antimicrobial susceptibility tests, using agar dilution or broth microdilution method, were performed for 18 and 130 E. coli isolates from the recurrent and non-

recurrent groups, respectively.

60.0%; P=0.197) was the most prevalent group on the phylogenetic
tree for both groups followed by group D (22.2% vs. 34.6%; P =0.424).

The most prevalent p-lactamase and plasmid-mediated quino-
lone resistance (PMQR) genes were CTX-M-1G (44.4% vs. 60.0%;
P=0.308) and aac(6')-Ib-cr (50.0% vs. 36.2%; P =0.303), respectively.
Sfa/foc (83.3% vs. 82.3%; P=1.000) was the most common virulence
factor, followed by kpsMTII (70.0% vs. 62.3%; P=1.000) and fimH
(66.7% vs. 58.5%; P=0.613).

The predominant clone identified by multilocus sequence typing
(MLST) was ST131 (22.2% vs. 17.8%; P=0.744) followed by ST95
(16.2% vs. 16.7%; P=1.000) and ST69 (0.0% vs. 13.8%; P=0.130)
(Supplementary Table S1).

There was no significant difference in the molecular epide-
miology between the recurrent and non-recurrent groups. The
clonal clusters and phylogenetic trees for E.coli isolates from patients
in both groups are shown in Fig. 2.

Risk factors for APN with a history of UTI within the previous year

Multivariable analysis showed that neurogenic bladder (odds
ratio [OR], 18.97; 95% confidence interval [CI]: 2.75-130.97;
P=0.003) and a history of admission (OR, 2.51; 95% CI: 1.10-5.73;
P=0.029) or antibiotic use (OR, 21.68; 95% CI: 6.13-76.66; P < 0.001)

during 1 year prior to inclusion were significantly associated with
APN with a history of UTI within the previous year (Table 5).

Discussion

Several studies have shown that recurrent UTIs, including APN, is
associated with structural and functional abnormalities of the ur-
inary tract, chronic intermittent catheterization or urinary cathe-
terization, neurological disorders, chronic hospitalization,
immunodeficiency, and behavioral factors, such as sexual activity
[25,26]. Similar to previous studies, we showed that patients with
recurrent group had more comorbidities and structural and func-
tional abnormalities of the urinary tract than those with non-re-
current group.

In our study, the Charlson Comorbidity Index was higher in
the recurrent group than in the non-recurrent group. In parti-
cular, patients with chronic pulmonary or renal disease were
more likely to experience recurrence. A Spanish multicenter
retrospective study found that the incidence of UTIs increased
over time in patients with chronic obstructive pulmonary disease
(COPD), possibly because of the adverse effects of inhaled an-
ticholinergics [27]. Further research is required to elucidate the
exact mechanisms.
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Table 4

Comparison of molecular epidemiology and distribution of virulence factors of E.coli
isolated from community-acquired acute pyelonephritis between the patients of re-
current group and that of non-recurrent group.

Recurrent Non-recurrent P
(n=18) (n=130)
Phylogenic groups
A 0(0) 1(0.8) 1.000
B1 0(0) 6 (4.6) 1.000
B2 14 (77.8) 78 (60.0) 0.197
D 4(22.2) 45 (34.6) 0.424
Resistance genes
p-lactamases
SHV 2 (111) 17 (13.1) 1.000
TEM 9 (50.0) 70 (53.8) 0.805
OXA 6 (33.3) 28 (21.5) 0.368
CTX-M
CTX-M-1G 8 (44.4) 78 (60.0) 0.308
CTX-M-9G 3(16.7) 44 (33.8) 0.182
PABL
CMY-1 3(16.7) 19 (14.6) 0.733
CMY-2 10 (55.6) 43 (33.1) 0.071
DHA 10 (55.6) 62 (47.7) 0.619
ACT 6(33.3) 46 (35.4) 1.000
PMQR
qnr A 3(16.7) 18 (13.8) 0.722
qnr B 4(22.2) 27 (20.8) 1.000
qnr D 2 (11.1) 12 (9.2) 0.680
qnrS 0(0) 14 (10.8) 0.219
gep A 6(33.3) 50 (38.5) 0.798
aac(6’)-1b-cr 9 (50.0) 47 (36.2) 0.303
Virulence factors
Adhesins
sfa/foc 15 (83.3) 107 (82.3) 1.000
fimH 12 (66.7) 76 (58.5) 0.613
papEF 9 (50.0) 51 (39.2) 0.446
ompT 6(33.3) 36 (27.7) 0.589
papA 1(5.6) 10 (7.7) 1.000
Toxins
sat 9 (50.0) 61 (46.9) 0.808
hlyA 2 (11.1) 5(3.8) 0.203
Siderophores
iutA 12 (66.7) 64 (49.2) 0.211
fyuA 3(16.7) 31(23.8) 0.765
Capsules
kpsMTII 7 (70.0) 81 (62.3) 1.000
usp 6(33.3) 1.5) 1.000
Major clones by MLST
ST131 4(22.2) 23 (17.7) 0.744
ST95 3(16.7) 21 (16.2) 1.000
ST73 3(16.7) 9(6.9) 0.164
ST69 0(0) 18 (13.8) 0.130
ST1193 0(0) 9(6.9) 0.601
Others 8 (44.4) 50 (38.5) 0.618
Note: Data are numbers (%) of patients, unless otherwise indicated.
Abbreviations: PABL, Plasmid-Mediated AmpC p-Lactamases; PMQR, Plasmid-

Mediated Quinolone Resistance; MLST, Multilocus Sequence Typing.

E. coli was the most common causative organism in both the
recurrent and non-recurrent groups. However, the proportion of
causative organisms, except E. coli (e.g., K pneumoniae and P.
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aeruginosa), was higher in the recurrent group than in the non-re-
current group, in our study. This may be due to the high proportion
of patients with structural and functional abnormalities of the ur-
inary tract (e.g., neurogenic bladder and urinary catheterization) in
the recurrent group. It is well known that pseudomonas infection is
prevalent in patients with urinary catheters [26,28]. A Taiwanese
prospective single-center study suggested that strongly adherent K.
pneumoniae strains may cause relapse of UTI owing to their ability to
invade and survive in human urinary epithelial cells after antibiotic
treatment [29]. This may explain why the proportion of K. pneu-
moniae was higher in the recurrent group than in the non-recurrent
group.

A recent prospective multicenter study in South Korea showed
that group B2 was predominant over group D [30]. Similar to a
previous study, group B2 was the predominant group followed by
group D. Furthermore, there was no significant difference in the
distribution of phylogenetic groups between recurrent and non-re-
current groups. A study conducted in Denmark did not identify any
significantly associated genetic factors or exhibited any distinct
phylogenetic clustering between the recurrent and non-recurrent
UTI groups, similar to our study [31].

A multicenter prospective study conducted in Denmark found no
significant differences in the virulence profiles of E. coli isolates
between recurrent and non-recurrent UTI [32]. The results of that
study support those of the present study.

In our study, neurogenic bladder and a history of admission or
antibiotic use during 1 year prior to inclusion were identified as
independent risk factors for APN, in patients with a history of UTI
within the previous year, in multivariable analysis. Neurogenic
bladder has been identified as a major contributing factor for the
recurrence of UTIs [10]. A retrospective study conducted in the
United States also showed that independent risk factors for UTI re-
currence included neurogenic bladder, history of UTI within the
previous year, and fluoroquinolone non-susceptibility [10]. Further-
more, a retrospective multicenter study conducted in South Korea
reported that the independent risk factor for recurrent APN was a
history of APN within the previous year [33]. Why a history of ad-
mission or antibiotic use during 1 year prior to inclusion s associated
with recurrent UTI, including APN, is unknown. One possible ex-
planation is that changes in the intestinal or vaginal microbiome due
to a history of hospitalization or antibiotic use can cause recurrent
UTIs. A prospective single-center study conducted in the United
States reported a decrease in the number of Lactobacillus colonies in
the vagina of patients with recurrent UTIs compared to that in those
with non-recurrent UTIs [34]. In a randomized controlled trial of
female patients treated with antibiotics in the United States, the
recurrence rate of UTI was significantly lower in the group receiving
intravaginal lactobacilli compared with the placebo group [35].
Further studies with larger sample sizes are needed to obtain more
reliable results.

There are several limitations of this single-center study. First,
because of the small sample size and limited number of patients
who met the inclusion criteria, our cohort may not represent the
general population. Second, because we only recruited patients from
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A. Clonal clusters in recurrent group
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B. Clonal clusters in non-recurrent group
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D. Phylogenetic trees in non-recurrent group

MLST type (No. of isolates) Phylogenetic group (No. of isolates)
21ST1193 (a=0) BI(1), B2(5), D(3)

ST4207 (a=4) B2(4)

ST14 (a=2) B22)
ST3459 (n=1) BX1)

2 —ST321 (n=1) D()

ST73 (a=9) B2®)

ST3283 (a=1) B(1)

STOS (a=21) B2Q0), DX1)
B2Q)

ST3739 (n=2) B2Q2)

41
3 - ST131 (n=23)
ST3185 (a=1)

B22)

BI(1), B2(21), (1)
BX(1)

ST4456 (a=1) BaD

ST11749 (a=1) 1)

ST3177 (a=1) D(1)
ST4796 (n=1) x1)

84

BI(1)
B
=
B2(1),D(1) ) BX(1)
ST1194 (a=1) D(1)
B2(1) A
ST38 (22) B2, Dt
- 38 (n=2 2(1), )
D(1) ST2003 (a=1) D(1)
ST1177 (a=1) BX(1)
D(1) ST2631 (n=1) (1)
ST69 (n=18) B2(1), D7)
ST3437 (a=2) DQ)
) ST3455 (n=2) DQ)
— 771 ST3471 (n=3) D3)
ST70 (a=1) D(1)
0.002 ST6356 (a=1) BI()

Fig. 2. The clonal clusters and phylogenetic trees for E.coli isolates. A. Clonal clusters in recurrent group; B. Clonal clusters in non-recurrent group; C. Phylogenetic trees in
recurrent group; D. Phylogenetic trees in non-recurrent group. Abbreviations: MLST, multilocus sequence typing.

a tertiary hospital, these patients may have a higher number of co-
morbidities than the general population of patients with UTIs. Third,
although recurrent UTIs are internationally defined as > 2 episodes
in the last 6 months or >3 episodes in the last 12 months [36], we
defined the ‘recurrent group’ as APN patients with history of UTI in
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the last 12 months due to the limitations of the data. Finally, we did
not strictly classify recurrent UTIs as reinfections and relapses [36].
However, there were only three cases of relapse that occurred within
14 days of the previous UTI, so they likely had a minimal impact on
the overall results (data not shown).
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Table 5
Risk factors for the recurrent community-acquired acute pyelonephritis.

Journal of Infection and Public Health 17 (2024) 349-358

Variables N Univariate analysis Multivariate analysis
OR (95% CI) P-value OR (95% CI) P value
Age > 65
No 134 1
Yes 151 0.82 (0.42-1.59) 0.561
Renal disease
No 256 1
Yes 29 3.82 (1.63-8.96) 0.002
Chronic pulmonary disease
No 281 1
Yes 4 6.21 (0.85-45.35) 0.072
Bedridden state
No 277 1
Yes 8 6.65 (1.56-27.06) 0.010
Neurogenic bladder
No 185 1 1
Yes 10 6.64 (1.83-24.07) 0.004 18.97 (2.75-130.97) 0.003 *
Urinary catheterization
No 276 1
Yes 9 8.33 (2.14-32.49) 0.002
History of admission during 1 year prior to inclusion
No 235 1 1
Yes 50 7.78 (3.77-16.07) <0.001 2.51 (1.10-5.73) 0.029 *
History of antibiotic usage during 1 year prior to inclusion
No 178 1 1
Yes 107 22.99 (7.90-66.92) <0.001 21.68 (6.13-76.66) <0.001 *
Use of immunosuppressants
No 258 1
Yes 27 2.87 (1.16-7.08) 0.022
Abbreviations: OR, odds ratio; CI, confidence interval
" Pvalue < 0.05
Conclusions Acknowledgments

The proportion of causative organisms except E.coli was higher in
the recurrent group than in the non-recurrent group. There were no
significant differences in the clinical characteristics and outcomes,
genetic characteristics, or antibiotic resistance rates of E.coli be-
tween the two groups. Neurogenic bladder and a history of admis-
sion or antibiotic use during 1 year prior to inclusion were risk
factors for APN in patients with a history of UTI within the previous
year. Further studies involving a larger number of patients from
multiple centers or exploring other potential underlying mechan-
isms, such as the microbiome, will be undertaken for a more detailed
understanding.
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