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Risk factors for recurrent urinary tract infections in young
infants under the age of 24 months

Min Hwa Son' *, Hyung Eun Yim'

Department of Pediatrics, Korea University Ansan Hospital, Korea University College of Medicine, Ansan, Republic of Korea

Purpose: Recurrent urinary tract infections (UTIs) in children is a major challenge for pediatricians. This study was designed to
investigate the risk factors for recurrent UTIs and determine the association between recurrent UTIs and clinical findings, in-
cluding growth patterns in infants and children younger than 24 months of age.

Methods: We retrospectively reviewed the medical records of 147 patients <24 months of age with UTIs who were hospitalized
between August 2018 and October 2021. The patients were divided into recurrent and single UTI episode groups. Clinical findings
and anthropometric and laboratory data were compared between the two groups.

Results: In the recurrent UTI group, the weight-for-length (WFL) percentile at the first UTI diagnosis was lower compared to the
single UTI episode group, and the weight-for-age percentile at 3-month and 6-month follow-ups after the first UTI decreased (all
P<005). In univariable logistic regression analysis, higher birth weight, lower WFL percentile, the presence of hydronephrosis,
acute pyelonephritis or vesicoureteral reflux, the use of prophylactic antibiotics, and non-Escherichia coli infections were asso-
ciated with the development of recurrent UTIs (all P<0.05). However, in the multivariable analysis, only the presence of hydrone-
phrosis and prophylactic antibiotic use were independently related to UTI recurrence (P<0.05).

Conclusions: The presence of hydronephrosis at the first UTI can be helpful for predicting UTI recurrence in young children aged
<24 months. Antibiotic prophylaxis may be associated with UTI recurrence. Potential growth delay should be carefully monitored

in infants with recurrent UTL
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Introduction

Urinary tract infections (UTIs) are the most common serious
bacterial infection in children, with 84% of girls and 1.7% of boys
experiencing a UTI before age 6 [1]. UTIs account for 5% to 10%
of febrile diseases in children younger than 24 months, and the
recurrence rate is known to be 10% to 30% [2]. Recurrent UTIs
increase the risk of kidney scarring, which is associated with
hypertension in about 10% of pediatric patients and with dialy-

sis and transplantation in approximately 20% [3]. Given that the
symptoms and signs of UTI, except for fever, do not appear well
in children under 2 years of age [4], many studies have tried to
identify the risk factors for UTI, as it is important to quickly rec-
ognize these factors and prevent UTI recurrence.

In the pediatric population, young age, sex, vesicoureteral
reflux (VUR), and bladder bowel dysfunction have received at-
tention as important risk factors for recurrent UTIs [5-9]. In a
multicenter prospective cohort study of 500 pediatric patients
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aged 2 months to less than 6 years, the rate of recurrent UTIs
was 254% in those with VUR and 17.3% in those without VUR.
The probability of UTI recurrence was the highest if the VUR
stage was 3 or higher, at 289% [5]. According to a study by Park
et al. [6], younger age at the first UTI, bilateral VUR, grade 4-5
VUR, and hydronephrosis on the initial ultrasonography signifi-
cantly increased the risk of UTI recurrence. Although the use of
prophylactic antibiotics is recommended for children with VUR
[7], whether these prophylactic antibiotics prevent UTI is un-
clear [8]. Craig et al [9]. reported that long-term, low-dose tri-
methoprim-sulfamethoxazole was associated with a decrease
in the number of UTIs in pediatric patients. However, other
studies reported that it was not related and only increased the
risk of resistant bacteria [10]. Obesity has recently become a
more serious and global public health problem [11], but many
studies have shown that being underweight also increases
the risk of infection. An analysis of 1,747 patients who visited
the emergency room at the University of Oklahoma Children's
Hospital found that underweight patients had more hospital
visits, experienced respiratory diseases more often, and had a
higher incidence of fractures than normal and overweight pa-
tients [12]. Also, in the United States, underweight children aged
2 to 19 years reported increased rates of surgical site infections
following orthopedic surgery [13]. Host resistance to a UTI,
especially in the acute phase, is highly dependent on innate
immunity [14]. The innate immune system plays an essential
role in the prevention of recurrent and invasive UTIs, and irre-
versible parenchymal tissue damage can occur if this system
does not work properly [15]. An investigation of 48 types of se-
rum cytokines and growth factors in female patients aged 18 to
49 without underlying diseases at a single center in the United
States reported that factors required for the development and
differentiation of monocytes, macrophages, and neutrophils
were increased in patients with recurrent UTIs [16]. In another
study of patients aged 6 months to less than 21 years, the medi-
an urinary neutrophil gelatinase-associated lipocalin (NGAL)
level in patients with recurrent UTIs was 15 ng/mL, which was
significantly lower than that in the control group of healthy
children, at 30 ng/mL [17].

In this study, we hypothesized that abnormal growth trajecto-
ries in young infants might be associated with suppressed im-
mune responses and enhanced bacterial vulnerability, namely,
UTI recurrence. Therefore, we aimed to identify risk factors for
recurrent UTIs, determine whether abnormal growth patterns
were related to recurrent UTIs, and compare host inflammato-
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ry responses between patients with recurrent UTIs and those
with a single UTI episode.

Subjects and Methods

Patient characteristics and inclusion criteria

This was a retrospective observational study of patients who
were hospitalized in the Department of Pediatrics and Adoles-
cents at Korea University Ansan Hospital from August 21, 2018,
to October 20, 2021, for UTIs. Among them, patients aged O to
24 months who were first diagnosed with a UTI and followed up
for more than 6 months in an outpatient setting were included.
The diagnosis of a first UTI was as follows: (1) hospitalized for
febrile UTI, fever (=38 °C); (2) positive results on urinalysis for
pyuria (=5 white blood cells [WBCs] per high-power field) or
nitrate; and (3) a positive urine culture collected from a cath-
eterized specimen (defined as the growth of a single bacterial
type to 250,000 colony-forming units/mL), and (4) no previous
history of UTL A single UTI was defined as no reinfection within
12 months after the onset of the first UTL Patients who had 2
or more UTIs within 12 months were included in the recurrent
UTI group. Reinfection was defined as infection with either the
same bacteria as earlier or a different type of bacteria following
a negative bacterial culture after treatment for a previous UTL
Patients were excluded if they satisfied any of the following
conditions: (1) acute kidney injury, (2) chronic kidney disease, (3)
underlying systemic disease, or (4) congenital anomalies of the
kidney and urinary tract except for VUR and/or hydronephrosis
(Fig. 1). Patients with systemic diseases, including pulmonary

257 Patients with UTI and follow-up for more than 6 mo,
between April 2018 and June 2021

110 Exclusion
* Acute kidney injury
* Chronic kidney disease
* Systemic diseases
* CAKUT except VUR and/or hydronephrosis

A4

A 4

90 Patients with a single episode of UTI
57 Patients with recurrent UTIs

Fig. 1. Study flow diagram. UTI, urinary tract infection; CAKUT,
congenital anomalies of the kidney and the urinary tract; VUR,
vesicoureteral reflux.
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atresia with ventricular septal defect, metabolic disease, chron-
ic respiratory failure, viral infections, and others, were excluded.
Grades 1to 3 of VUR were assigned to the low grade category,
and grades 4 and 5 were assigned to the high grade. Prophy-
lactic antibiotics were used in cases with high grade VUR and
acute pyelonephritis (APN) after the initial UTI. Patients were
defined to have APN if the uptake of *"Tc-dimercaptosuccinic
acid (DMSA) at 1-5 mCi was decreased in focal, multifocal, or
diffuse areas due to defects in the kidney cortex [18,19]. Hydro-
nephrosis was defined as dilatation and distension of the kid-
ney collecting system of one or both kidneys, and the radiology
department at our hospital uses the Society for Fetal Urology
system to define it [20]. All data were obtained based on the
ethical principles for medical research in human subjects es-
tablished in the Declaration of Helsinki in 1975 and revised in
2000.

Measurements and laboratory assessments

The growth chart for children and adolescents in 2017 [21] was
used to determine weight-for-length (WFL) percentiles. Clinical
data, including host and immunological factors, imaging data,
and growth patterns, were investigated in the single UTI group
and the recurrent group. Clinical information on birth weight,
prenatal ultrasonography abnormalities, and previous UTI
episodes was obtained by questionnaires and medical chart re-
view. WFL was calculated by examining body weight and height
at the time of hospitalization for the first UTL. The same was
done in the case of recurrence. The weight percentiles of the
single UTI group and the recurrent UTI group were compared at
the time of admission and after 3 months and 6 months. In ad-
dition, to compare the innate immune system, WBCs, the neu-
trophil-to-lymphocyte ratio (NLR), monocyte-to-lymphocyte
ratio (MLR), platelets (PLTs), platelet-to-lymphocyte ratio (PLR),
C-reactive protein (CRP), urinary, and plasma NGAL levels of the
two groups were compared at admission and discharge. Urine
samples were obtained through urethral catheterization. Kid-
ney ultrasonography and initial DMSA scans were performed at
the time of the UTI diagnosis. Voiding cystourethrography was
performed if APN or hydronephrosis was present on kidney ul-
trasonography or if APN was diagnosed on renal DMSA scan.

Statistical analysis

All analyses were conducted using R statistical software (ver-
sion 4.30; The R Foundation). For comparison between the two
groups, the Mann-Whitney U test or two-sample t-test was
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used for continuous variables, and the Pearson chi-square test
or Fisher exact test was used for categorical variables. Contin-
uous variables are presented as the mean + standard deviation
or standard error of the mean. Categorical variables are pre-
sented as numbers (%). A paired t-test or signed rank test was
used to compare weight and weight percentiles in each group,
and a two-sample test or the Mann-Whitney U test was used
to compare weight and weight percentiles between the two
groups. Inflammatory responses at admission and discharge
were compared in the single and recurrent UTI groups us-
ing the Mann-Whitney U test. Univariable logistic regression
analysis was performed to analyze variables associated with
UTI recurrence. Parameters associated with UTI recurrence in
univariable logistic regression analysis (P<0.05) were included
in a multivariable logistic regression analysis. However, among
them, VUR was excluded from the multivariable analysis be-
cause it was identified as a multicollinearity suspected variable
when checking the variance inflation factor. In all statistical
analyses, a P-value of <0.05 was considered significant.

Results

Patient demographics

Out of 257 patients who were diagnosed with a first UTI and
underwent outpatient treatment for more than 6 months, 110
patients were excluded, 90 patients were included in the sin-
gle UTI group, and 57 patients were included in the recurrent
group (Fig. 1). In the recurrent group, the average WFL percen-
tile was lower, and the frequency of prophylactic antibiotic
use was higher than those in the single UTI group (all P<0.05).
There were differences in uropathogens between the two
groups (P<0.05). Analysis with Pearson chi-square test with
Yates continuity correction showed a difference between the
Escherichia coli and non-E. coli groups. Both extended-spec-
trum B-lactamase-positive and -negative E. coli were included
in the E. coli group. Klebsiella aerogenes, Enterococcus faecalis,
and Enterobacter cloacae complex were identified in cases
other than E. coli. Patients who visited our hospital after taking
antibiotics because the bacteria were confirmed at another
hospital were excluded from uropathogen variable because
no bacteria were found in our hospital. Hydronephrosis, VUR,
and hydronephrosis with VUR were significantly higher in the
recurrent group than in the single UTI group (P<0.05). There
were eight patients in the single UTI group and one patient in
the recurrent UTI group who did not undergo voiding cystoure-
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thrography, so the total number of patients in these categories
was 82 and 56, respectively. There were no differences between
hemoglobin, WBC, PLT, CRP, urinary, or plasma NGAL levels in
the two groups. Since our hospital is a tertiary hospital, patients
usually come after a referral from alocal hospital. Therefore, we
included some cases where bacteria were not confirmed here
because the patient took antibiotics for a UTI before coming to
our hospital (Table 1).

Comparison of growth pattern changes in single and recur-
rent UTIgroups

The mean weight percentile tended to decrease in both groups
from the time of initial diagnosis to the 3-month and 6-month
assessments in each group. Weight percentiles at 3 or 6 months
after the initial UTI were not different between the two groups.
However, weight percentile declines for 6 months after the first
UTI diagnosis seemed to be more prominent in the recurrent
UTI group compared to the single UTI group. Weight percentiles
at 3 and 6 months were significantly reduced in the recurrent
UTI group compared to the initial UTI (Table 2, Fig. 2A). Howev-
er, the WFL percentiles at the first and second UTI admissions
were not different in the recurrent UTI group (Fig. 2B).

Comparison of inflammatory responses in patients with sin-
gle and recurrent UTIs

Inflammatory responses were compared at admission and
discharge in the single and recurrent UTI groups. There were
no differences in the WBC, NLR, MLR, PLT, PLR, CRP, urinary
NGAL/creatinine (Cr), or plasma NGAL levels at admission and
discharge between the two groups. Some statistical data were
obtained by excluding people with missing values. Urinary
NGAL/Cr was measured in 73 single UTI patients, and in 29
recurrent UTI patients at admission and in 83 and 46 patients
in each group at discharge. Plasma NGAL concentrations were
determined in 88 and 46 patients, respectively, in each group at
admission and in 83 and 47 patients in each group at discharge
(Table 3).

Univariable and multivariable logistic regression analyses of
recurrent UTIs

Univariable and multivariable logistic regression analyses were
performed to test each parameter as an independent predic-
tor of UTI recurrence in the recurrent UTI group. Univariable
logistic regression analysis showed that higher birth weight,
lower WEFL percentile, prophylactic antibiotic use, the presence
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Table 1. characteristics and clinical findings

Characteristic Slglg:lg (L)J)TI E?;Iﬂ(l;r:%r;; P-value
Age at first UTI diagnosis (mo) ~ 379+315 3254352  0094”
Male sex 64(711) 47(825)  0173”
Prematurity 78(86.7) 48(842)  0863”
Birth weight (g) 31344562 3350645 01167
Abnormal prenatal US 4(444) 6(105)  0187°
Weight (kg) 7214171 6.86¥162  0251”
Weight percentile 783248 805228 05077
Height (cm) 6341648  629+641 06147
Height percentile 7324293 7994272  0050”
Weight-for-length percentile 727220 6394261  0043"
Prophylactic antibiotic use 7(778) 31(544) <0001”
Uropathogens” 0021”

E. coli 80(952) 46(836)

Non-E. coli 4(476) 9(164)
Hydronephrosis 5(5.56) 19(333) <0001”
VUR? 15(183) 32(571) <0001”

Low grade” 4 6

High grade? 1 26
Hydronephrosis+VUR? 0 9(158) <0001°
Acute pyelonephritis 51(56.7) 42(737)  0056”
Hb (g/dL) 108108 1094127 05727
WBC (/mm®) 15485+6,548 15725+5264 0383”
PLT (10°/mm”) 421+119 401:122  0409”
PLR 925+464  847+404 03547
CRP (mg/L) 444+387 466342 05137
UNGAL (ng/mL) 562+820 610£877 09967
UNGAL/Cr 5294131 4344556 0838
PNGAL (mg/L) 1344126 171+165  0218”
BUN (mg/dL) 9044354 898+346 05907
Cr (mg/dL) 054271 026006 03217

Values are presented as meantstandard deviation or number (%).
UTI, urinary tract infection; US, ultrasonography; E. coli, Escherichia
coli; VUR, vesicoureteral reflux; Hb, hemoglobin; WBC, white blood
cell; PLT, platelet; PLR, platelet-to-lymphocyte ratio; CRP, C-reactive
protein; uNGAL, urine neutrophil gelatinase-associated lipocalin; Cr,
creatinine; pNGAL, plasma neutrophil gelatinase-associated lipocalin;
BUN, blood urea nitrogen.

“Mann-Whitney U test. "Pearson chi-square test with Yates'
continuity correction. “Fisher exact test for count data. “The total
number of people for this variable is 84 in the single UTI group and
55 in the recurrent UTI group. ®The total number of people for these
variables is 82 in the single UTI group and 56 in the recurrent UTI
group. "Low grade: 1 to 3 grade of VUR. ?High grade: 4 and 5 grade of
VUR.

of hydronephrosis, VUR, APN, and non-E. coli infections were
associated with UTI recurrence (all P<0.05). Multivariable logis-
tic regression analysis showed that the prophylactic antibiotic
use (odds ratio [OR], 18.8; 95% confidence interval [CI], 3.04-116)
and presence of hydronephrosis (OR, 16.8; 95% CI, 4.04-70.2)
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were significant predictors of UTI recurrence (P<0.05, respec-
tively). VUR was identified as a multicollinearity variable, so it
was excluded from the multivariable analysis when checking
the variance inflation factor (Table 4).

ChiKD
Discussion

This study aimed to investigate the risk factors for recurrent
UTIs in young children and determine if there were differ-

ences in growth trajectories between patients with single and
recurrent UTIs. When the single UTI group and the recurrent

82 . 70
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72 10
70 0

Q Single UTI Recurrent UTI e Weight-for-length percentile
m0mo =3mo m6mo m First = Second

Fig. 2. (A) Comparison of weight percentiles at 0, 3, and 6 months after the first UTI in the single and recurrent UTI groups. (B) Comparison of
weight-for-length percentiles in the first and second episodes in the recurrent UTI group. UTI, urinary tract infection. *P<0.05, **P<0.01

Table 2. Comparisons of weight percentiles of 0, 3, and 6 months after first UTI

First UTI After 3mo After 6 mo Diff? P-value? Diff” P-value®
Single 784+249 76.4+24.2 75.5+24.8 -1.99+177 00749 -2.84+230 00949
Recurrent 80.5£22.6 76.0+24.8 74.5+231 -4.51+14.2 00107 -593+174 0012¢
P-value 02447 0.212¢
UTI, urinary tract infection; Diff, differences.
¥First UTI vs. after 3 mo. “First UTI vs. after 6 mo. “Singed rank test. “Paired t-test. PMann-Whitney test.
Table 3. Comparisons of inflammatory responses between the single and recurrent UTI groups
At admission Atdischarge

Variable i i

Sl&gig (I)J)TI Rec?rrll;esr;’; UTIL P-value® Slgilg (;.;TI Rectlrtl'iesrég UTI P-value®
WBC (/mm°) 15485+6,548 15,725+5,264 0.383 8483+2,214 8111+2,313 0.374
NLR 174+1.21 174+1.03 0.706 0.31+0.16 0.35+0.24 0.538
MLR 0.37+0.21 0.32+017 0139 015+014 016+0.08 0.087
PLT (10°/mm’) 4214118 401122 0409 4744134 440140 0054
PLR 925+464 84.7+404 0.354 88.8+317 911+379 0939
CRP (mg/L) 444+387 4.66+342 0513 0.63+0.57 0.68+0.61 0.560
UuNGAL/Cr 529+131 434+556 0.838 5.52+4.76 594+398 0417
PNGAL (mg/L) 134126 1724165 0218 5724296 80.3+101 0348

Values are presented as mean+standard deviation.

UTI, urinary tract infection; WBC, white blood cell; NLR, neutrophil-to-lymphocyte ratio; MLR, monocyte-to-lymphocyte ratio; PLT, platelet; PLR,
platelet -to-lymphocyte ratio; CRP, C-reactive protein; uNGAL, urine neutrophil gelatinase-associated lipocalin; Cr, creatinine; pNGAL, plasma
neutrophil gelatinase-associated lipocalin.

“Wwilcoxon rank sum test (or Mann-Whitney test).
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Table 4. Univariable and multivariable logistic regression analyses for the recurrent UTI

Variable Univariable Multivariable
Odds ratio (95% CI) P-value Odds ratio (95% CI) P-value

First UTI age 0.95(0.86-1.06) 0334
Male sex 191(0.84-4.34) 0123
Abnormal prenatal US 2.53(0.68-9.39) 0166
Birth weight 100 (1.00-1.01) 0040 100 (0.99-1.01) 0286
WEL percentile 0.99(0.97-1.00) 0031 0.99(097-1.01) 0.371
Prophylactic antibiotic use 14.1(5.57-35.9) <0001 18.8 (3.04-116) 0002
Hydronephrosis 850 (2.95-24.5) <0.001 16.8 (4.04-70.2) <0.001
VUR 596 (2.76-12.9) <0.001
APN 214 (1.04-4.41) 0.039 0.98(0.36-2.69) 0967
Uropathogens

Non-E. coli 391(114-134) 0030 0.88(016-5.00) 0.889

UTI, urinary tract infection; CI, confidence interval; US, ultrasonography, WFL, weight-for-length; VUR, vesicoureteral reflux; APN, acute

pyelonephritis; E. coli, Escherichia coli.

UTI group were compared, the recurrent UTI group had a low-
er WFL percentile and a higher proportion of hydronephrosis
and/or VUR and prophylactic antibiotic use. While there were
no differences in growth patterns for 6 months between the
two groups, weight percentiles in the recurrent UTI group were
significantly reduced at 3 and 6 months compared to initial
UTI percentiles. The presence of hydronephrosis at the time of
the first UTI and prophylactic antibiotic use after the initial UTI
were found to be independently associated with recurrent UTIs
in children aged <24 months.

Many studies have already reported that VUR [5,8,10] and
prenatal hydronephrosis [22] are associated with recurrent
UTIs. In a study of 290 children under 5 years of age, recurrent
UTIs were associated with kidney defects [8], and UTI recur-
rence could be predicted in infants under 3 months old when
they were infected with bacteria other than E. coli at the time of
their first febrile UTI [23]. In addition, non-E. coli UTI in the first
febrile UTI may be useful in predicting imaging abnormalities
[23,24]. While we also found that the presence of hydrone-
phrosis, APN, VUR, and non-E. coli infections were associated
with UTI recurrence, of them, only hydronephrosis was an
independent risk factor. Since transient, prenatal, refluxing,
and non-refluxing hydronephrosis were all included in our
category of patients with hydronephrosis, the causal relation-
ship between congenital or refluxing hydronephrosis and UTI
recurrence remains unclear. However, the existence of hydro-
nephrosis itself with or without VUR at the first UTI diagnosis
might predict UTI recurrence in children aged <24 months old.
To the authors' knowledge, this was the first finding that young
children with hydronephrosis at the first UTI diagnosis were at
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ahigherrisk of developing recurrent UTIs.

A paper reviewing recurrent UTI studies found that, although
controversial, the effectiveness of prophylactic antibiotic thera-
py was not significant and could even increase the risk of recur-
rence [2]. Conway et al. [10] found that prophylactic antibiotic
use was not associated with a reduced risk of recurrent UTIs but
was associated with an increased risk of resistant infections. In
the present study, the use of prophylactic antibiotics was found
to be a factor related to recurrent UTIs, which may be because
more patients with reflux were included in the recurrence
group (571%) compared to the single UTI group (18.3%). Multi-
variable analysis showed that antibiotic prophylaxis was an in-
dependent risk factor for recurrence. Therefore, the advantages
of continuous antibiotic prophylaxis to prevent recurrence in
children after the first UTI may be limited in young children.
However, there is a need for more randomized controlled tri-
als evaluating the benefits and/or harms of using prophylactic
antibiotics in children with UTIs with VUR for a longer period of
time.

Our previous paper [25] using Korean National Health
Screening data and National Health Insurance Service data
showed that the risk of UTIs and APN was higher in under-
weight boys aged 2 to 6 years compared to the normal weight
group after adjusting for age, sex, birth weight, and preterm
birth. In a prospective observational chart review study [12],
children with underweight status (body mass index less than
5%) had an increased risk of being admitted from the emer-
gency room, even after adjusting for age and sex, especially for
respiratory infections and fractures. For many years, the World
Health Organization Nutrition Department has been monitor-
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ing trends in child malnutrition using anthropometric mea-
surements (e.g,, weight and height) [26]. Underweight status is
a direct indicator of chronic and acute malnutrition because it
reflects both low height-for-age and low weight-for-age [26,27].
UTIs are more common in malnourished children than in
well-nourished children, and the risk of UTIs increases with the
severity of malnutrition [28]. In the present study, the recurrent
UTI group had alower WFL percentile than the single UTI group
at the first UTI diagnosis. Weight-for-age percentile significant-
ly declined for 6 months in the recurrent UTI group, while there
were no differences in the single UTI group. More interestingly,
higher birth weight and lower WFL percentile were related to
UTI recurrence in univariable analysis. These findings suggest
that children with abnormal growth patterns have a high risk
of recurrent UTIs. However, large-scale prospective, longitudi-
nal cohort studies may be required to address this issue as the
length of the observation period in this study was short, and the
information on WFL percentiles was limited.

Severe malnutrition is associated with immune deficiency,
which is thought to make affected children more susceptible
to serious infections [29]. Urinary secretory immunoglobulin
A (IgA), an immunoglobulin synthesized locally at mucosal
surfaces, is an important immunological defense that pre-
vents bacterial adhesion to the periurethral epithelium and
urothelium [30]. Secretory IgA production may be less secreted
in malnourished children, which may predispose them to in-
fections due to immune dysregulation. One study found that
patients with recurrent UTIs had lower urinary levels of secre-
tory IgA [31]. Additionally, a rat experiment showed that severe
protein malnutrition dramatically suppressed the secretory
immune component [32], suggesting that dietary protein
plays a site-specific role in the developmental expression of
the immune system. NGAL is an iron-carrier protein produced
from neutrophilic granules that plays a vital role in the innate
immune system response to bacterial infection [33,34]. During
infection, bacteria require iron for growth and metabolic ac-
tivity in the host. Thus, the host activates neutrophils to release
NGAL to prevent bacteria from absorbing iron [34]. Malnour-
ished children have decreased transferrin and increased levels
of free unbound iron, which may lead to a favorable environ-
ment for bacterial growth, leading to urosepsis and UTIs [35].
Although there was no statistically significant difference in
our study, urinary NGAL/Cr values tended to be lower in the
recurrent UTI group compared to the single UTI group. This is
consistent with the previously mentioned study that found the
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urinary NGAL values were reduced in patients with recurrent
UTIs compared to the non-UTI group [17]. This suggests that
the host defense system in recurrent UTI group may be more
vulnerable. In addition, malnourished children have impaired
cell-mediated immunity, phagocytic function, complement
levels, and inadequate cytokine production, as well as atrophy
of the lymph nodes, tonsils, and thymus, which may make them
more susceptible to UTI [35]. CRP and total leukocyte counts,
including absolute neutrophil count, are important indicators
of acute bacterial infection [36]; NLR and MLR are effective in
diagnosing bacterial infections in hospitalized patients with
fever [37]. Neutrophils from recurrent UTI patients not only had
significantly reduced bactericidal function but also reduced ac-
tivation ability compared to healthy controls. This reduction in
neutrophil function results in incomplete bacterial clearance,
which predisposes to recurrent infections [38]. In addition to
their essential role in killing bacteria, activated neutrophils can
cause extensive parenchymal damage in the infected urinary
tract. Neutrophil-derived cyclooxygenase-2 is thought to be a
factor causing inflammation associated with severe recurrent
cystitis [16]. Neutrophils cause severe tubulointerstitial nephri-
tis in interleukin-8 receptor-deficient mice [39]. Monocytes
and macrophages are highly suitable for regulating neutrophil
function during UTI [40]. However, the host defense mecha-
nisms that prevent invasive bacterial infections are not fully
elucidated [15]. In our study, host inflammatory responses
related to WBC, NLR, MLR, CRP, and PLR did not differ between
the two groups. This might be due to the fact that both innate
and adaptive immune systems are relatively immature in early
life and could mask the role of immune defenses in the sus-
ceptibility of young children to recurrent UTIs. It is also unclear
whether other immune responses play a role in increased vul-
nerability to recurrent infections. Since we had a low number
of patients, the results should be confirmed in a larger cohort of
pediatric patients.

This study had the following limitations. First, the study was
conducted at a single institution, and the sample size was rel-
atively small. Second, this was a retrospective study. We used
only general laboratory values, such as WBC, PLT, CRP, urinary
NGAL/Cr, and plasma NGAL values, which were performed
when children with UTIs were hospitalized. Underlying innate
and adaptive immunity was not fully assessed in the present
study. Because there was no data on height during the study
period, it was not possible to compare WFL percentiles between
the single UTI group and the recurrent group. Using only the
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weight percentile may be insufficient for assessing growth tra-
jectories in infancy and childhood. Finally, kidney scarring was
not assessed because of insufficient data. A better understand-
ing of the risk factors for kidney scarring and worsening kidney
function would be helpful for the management of children with
recurrent UTIs. Therefore, multicenter prospective studies in-
volving a large number of patients are needed to address these
limitations.

In conclusion, UTI recurrence should be monitored in chil-
dren with hydronephrosis at the first UTI diagnosis or those
using prophylactic antibiotics. Also, when UTI is first diagnosed
in infants under 2 years of age, an abnormal growth pattern
with a higher birth weight, a lower WFL percentile, and reduced
weight percentiles at least 6 months after the first UTI, the pres-
ence of VUR and APN, and confirmed infections with bacteria
other than E. coli may partially account for UTI recurrence.

Ethical statements

The IRB and the Research Ethics Committee of Korea Uni-
versity Ansan Hospital approved this study (IRB number:
2022AS0087). The IRB exempted the requirement for informed
consent because of the retrospective nature of this study. Per-
sonal identifiers were completely removed, and data were ana-
lyzed anonymously.

Conflicts of interest

Hyung Eun Yim, an Editor-in-Chief of the Journal, was not in-
volved in the peer reviewer selection, evaluation, or decision
process of this article. No other potential conflicts of interest
relevant to this article were reported.

Funding

None.

Author contributions

Conceptualization: HEY
Data curation: MHS, HEY
Formal analysis: MHS
Investigation: MHS, HEY
Methodology: MHS, HEY
Project administration: HEY

42 www.chikd.org

Son et al. Recurrent UTIs and risk factors

Visualization: MHS, HEY

Writing-original draft: MHS

Writing-review & editing: MHS, HEY

All authors read and approved the final manuscript.

References

1 Hellstrom A, Hanson E, Hansson S, Hjalmas K, Jodal U. Association be-
tween urinary symptoms at 7 years old and previous urinary tract infec-
tion. Arch Dis Child 1991,66:232-4.

2. Williams G, Craig JC. Prevention of recurrent urinary tract infection in
children. Curr Opin Infect Dis 2009;,22:72-6.

3.Jodal U. The natural history of bacteriuria in childhood. Infect Dis Clin
North Am 19871:713-30.

4.Finnell SM, Carroll AE, Downs SM; Subcommittee on Urinary Tract
Infection. Technical report: diagnosis and management of an initial
UTIin febrile infants and young children. Pediatrics 2011;128:€749-70.

5.Keren R, Shaikh N, Pohl H, Gravens-Mueller L, Ivanova A, Zaoutis
L, et al. Risk factors for recurrent urinary tract infection and renal
scarring. Pediatrics 2015;136:€13-21.

6.Park S, Han JY, Kim KS. Risk factors for recurrent urinary tract in-
fection in infants with vesicoureteral reflux during prophylactic
treatment: effect of delayed contrast passage on voiding cystoure-
throgram. Urology 2011,78170-3.

7.Elder]S, Peters CA, Arant BS, Ewalt DH, Hawtrey CE, Hurwitz RS, et al.
Pediatric Vesicoureteral Reflux Guidelines Panel summary report
on the management of primary vesicoureteral reflux in children. J
Urol1997:1571846-51.

8. Panaretto K, CraigJ, Knight ], Howman-Giles R, Sureshkumar P, Roy
L. Risk factors for recurrent urinary tract infection in preschool chil-
dren. ] Paediatr Child Health 1999;35:454-9.

9.Craig JC, Simpson JM, Williams GJ, Lowe A, Reynolds GJ, McTaggart
SJ, et al. Antibiotic prophylaxis and recurrent urinary tract infection
in children. N Engl] Med 2009,361:1748-59.

10. Conway PH, Cnaan A, Zaoutis T, Henry BV, Grundmeier RW, Keren R.
Recurrent urinary tract infections in children: risk factors and asso-
ciation with prophylactic antimicrobials. JAMA 2007,298:179-86.

11. Bessesen DH. Update on obesity. J Clin Endocrinol Metab 2008;93:
2027-34.

12. Wyrick S, Hester C, Sparkman A, O'Neill KM, Dupuis G, Anderson M, et
al. What role does body mass index play in hospital admission rates
from the pediatric emergency department? Pediatr Emerg Care
2013;29974-8.

13.Cies JJ, Chan S, Hossain J, Brenn BR, Di Pentima MC. Influence of body

mass index and antibiotic dose on the risk of surgical site infections in

https://doi.org/10.3339/ckd.24.003


https://doi.org/10.1136/adc.66.2.232
https://doi.org/10.1136/adc.66.2.232
https://doi.org/10.1136/adc.66.2.232
https://doi.org/10.1097/qco.0b013e328320a885
https://doi.org/10.1097/qco.0b013e328320a885
https://doi.org/10.1016/s0891-5520(20)30146-x
https://doi.org/10.1016/s0891-5520(20)30146-x
https://doi.org/10.1542/peds.2011-1332
https://doi.org/10.1542/peds.2011-1332
https://doi.org/10.1542/peds.2011-1332
https://doi.org/10.1542/peds.2015-0409
https://doi.org/10.1542/peds.2015-0409
https://doi.org/10.1542/peds.2015-0409
https://doi.org/10.1016/j.urology.2010.12.023
https://doi.org/10.1016/j.urology.2010.12.023
https://doi.org/10.1016/j.urology.2010.12.023
https://doi.org/10.1016/j.urology.2010.12.023
https://doi.org/10.1016/s0022-5347(01)64882-1
https://doi.org/10.1016/s0022-5347(01)64882-1
https://doi.org/10.1016/s0022-5347(01)64882-1
https://doi.org/10.1016/s0022-5347(01)64882-1
https://doi.org/10.1046/j.1440-1754.1999.355417.x
https://doi.org/10.1046/j.1440-1754.1999.355417.x
https://doi.org/10.1046/j.1440-1754.1999.355417.x
https://doi.org/10.1056/NEJMoa0902295
https://doi.org/10.1056/NEJMoa0902295
https://doi.org/10.1056/NEJMoa0902295
https://doi.org/10.1001/jama.298.2.179
https://doi.org/10.1001/jama.298.2.179
https://doi.org/10.1001/jama.298.2.179
https://doi.org/10.1210/jc.2008-0520
https://doi.org/10.1210/jc.2008-0520
https://doi.org/10.1097/pec.0b013e3182a21a23
https://doi.org/10.1097/pec.0b013e3182a21a23
https://doi.org/10.1097/pec.0b013e3182a21a23
https://doi.org/10.1097/pec.0b013e3182a21a23
https://doi.org/10.1089/sur.2011.096
https://doi.org/10.1089/sur.2011.096

Sonetal. Recurrent UTIs and risk factors

pediatric clean orthopedic surgery. Surg Infect (Larchmt) 2012;13:371-6.

14. Ragnarsdottir B, Lutay N, Gronberg-Hernandez J, Koves B, Svanborg
C. Genetics of innate immunity and UTI susceptibility. Nat Rev Urol
2011;8449-68.

15. Ching C, Schwartz L, Spencer JD, Becknell B. Innate immunity and uri-
nary tract infection. Pediatr Nephrol 2020,35:1183-92.

16. Hannan TJ, Roberts PL, Riehl TE, van der Post S, Binkley JM, Schwartz
DJ, et al. Inhibition of cyclooxygenase-2 prevents chronic and recur-
rent cystitis. EBioMedicine 2014;1:46-57.

17. Forster CS, Johnson K, Patel V, Wax R, Rodig N, Barasch J, et al. Urinary
NGAL deficiency in recurrent urinary tract infections. Pediatr Nephrol
2017,321077-80.

18.Jaksic E, Bogdanovic R, Artiko V, Saranovic DS, Petrasinovic Z, Petrovic
M, et al. Diagnostic role of initial renal cortical scintigraphy in chil-
dren with the first episode of acute pyelonephritis. Ann Nucl Med
2011;,25:37-43.

19. Piepsz A, Colarinha P, Gordon I, Hahn K, Olivier P, Roca [, et al. Guide-
lines for 99mTc-DMSA scintigraphy in children. Eur ] Nucl Med
2001,28:BP37-41.

20.Fernbach SK, Maizels M, Conway JJ. Ultrasound grading of hydrone-
phrosis: introduction to the system used by the Society for Fetal Urol-
ogy. Pediatr Radiol 1993;23:478-80.

21.KimJH, Yun S, Hwang SS, Shim JO, Chae HW, Lee Y], et al. The 2017
Korean National Growth Charts for children and adolescents: devel-
opment, improvement, and prospects. Korean J Pediatr 2018;61135-
49,

22.Braga LH, Mijovic H, Farrokhyar F, Pemberton J, DeMaria J, Lorenzo
AJ. Antibiotic prophylaxis for urinary tract infections in antenatal
hydronephrosis. Pediatrics 2013;131:e251-61.

23.Chong SL, Leow EH, Yap CJY, Chao SM, Ganesan I, Ng YH. Risk fac-
tors for imaging abnormalities after the first febrile urinary tract
infection in infants <3 months old: a retrospective cohort study. BM]
Paediatr Open 2023;7.€001687.

24.Honkinen O, Jahnukainen T, Mertsola J, Eskola J, Ruuskanen O.
Bacteremic urinary tract infection in children. Pediatr Infect Dis J
200019630-4.

25.Yim HE, Han KD, Kim B, Yoo KH. Impact of early-life weight status on
urinary tract infections in children: a nationwide population-based
study in Korea. Epidemiol Health 202143:e2021005.

26.de Onis M, Blossner M. The World Health Organization Global Data-
base on Child Growth and Malnutrition: methodology and applica-
tions. Int] Epidemiol 2003;32:518-26.

27.Alemayehu GM, Cherie KT, Chernet AG. Severity of malnutri-

tion among underweight children and family-related factors: a

https://doi.org/10.3339/ckd.24.003

ChiKD

cross-sectional analysis of data from the 2019 Ethiopian Demo-
graphic and Health Survey (EDHS). Health Sci Rep 2022;5:e860.

28.Bagga A, Tripathi P, Jatana V, Hari P, Kapil A, Srivastava RN, et al.
Bacteriuria and urinary tract infections in malnourished children.
Pediatr Nephrol 2003;18:366-70.

29.Babirekere-Iriso E, Musoke P, Kekitiinwa A. Bacteraemia in severely
malnourished children in an HIV-endemic setting. Ann Trop Paediatr
2006;26:319-28.

30.Deo SS, Vaidya AK. Elevated levels of secretory immunoglobulin A
(sIgA) in urinary tract infections. Indian J Pediatr 2004;71:37-40.

31 Riedasch G, Heck P, Rauterberg E, Ritz E. Does low urinary sIgA pre-
dispose to urinary tract infection? Kidney Int 1983;23:759-63.

32.Sullivan DA, Vaerman JP, Soo C. Influence of severe protein malnutri-
tion on rat lacrimal, salivary and gastrointestinal immune expression
during development, adulthood and ageing. Immunology 1993;78:308-
17.

33.Xu SY, Carlson M, Engstrom A, Garcia R, Peterson CG, Venge P. Purifica-
tion and characterization of a human neutrophil lipocalin (HNL) from
the secondary granules of human neutrophils. Scand J Clin Lab Invest
1994;54:365-76.

34.Berger T, Togawa A, Duncan GS, Elia AJ, You-Ten A, Wakeham A, et al.
Lipocalin 2-deficient mice exhibit increased sensitivity to Escherichia
coli infection but not to ischemia-reperfusion injury. Proc Natl Acad
SciU S A2006;1031834-9.

35. Uwaezuoke SN. The prevalence of urinary tract infection in children
with severe acute malnutrition: a narrative review. Pediatric Health
Med Ther 2016;7121-7.

36.Shaikh S, Salim E, Ram PV, Memon SS, Zubairi A, Khawaja SA, et al.
Correlation of C-reactive protein and total leukocyte count in acute
infections: a single center study. Pak ] Surg 2019;35:271-4.

37.Naess A, Nilssen SS, Mo R, Eide GE, Sjursen H. Role of neutrophil to
lymphocyte and monocyte to lymphocyte ratios in the diagnosis of
bacterial infection in patients with fever. Infection 2017:45:299-307.

38.Condron C, Toomey D, Casey RG, Shaffii M, Creagh T, Bouchier-Hayes
D. Neutrophil bactericidal function is defective in patients with re-
current urinary tract infections. Urol Res 2003;31:329-34.

39.Frendeus B, Godaly G, Hang L, Karpman D, Lundstedt AC, Svanborg
C. Interleukin 8 receptor deficiency confers susceptibility to acute
experimental pyelonephritis and may have a human counterpart. J
Exp Med 2000;192:881-90.

40.Schiwon M, Weisheit C, Franken L, Gutweiler S, Dixit A, Mey-
er-Schwesinger C, et al. Crosstalk between sentinel and helper
macrophages permits neutrophil migration into infected uroepi-
thelium. Cell 2014;156:456-68.

www.chikd.org 43


https://doi.org/10.1089/sur.2011.096
https://doi.org/10.1038/nrurol.2011.100
https://doi.org/10.1038/nrurol.2011.100
https://doi.org/10.1038/nrurol.2011.100
https://doi.org/10.1007/s00467-019-04269-9
https://doi.org/10.1007/s00467-019-04269-9
https://doi.org/10.1016/j.ebiom.2014.10.011
https://doi.org/10.1016/j.ebiom.2014.10.011
https://doi.org/10.1016/j.ebiom.2014.10.011
https://doi.org/10.1007/s00467-017-3607-6
https://doi.org/10.1007/s00467-017-3607-6
https://doi.org/10.1007/s00467-017-3607-6
https://doi.org/10.1007/s12149-010-0431-5
https://doi.org/10.1007/s12149-010-0431-5
https://doi.org/10.1007/s12149-010-0431-5
https://doi.org/10.1007/s12149-010-0431-5
http://www.ncbi.nlm.nih.gov/pubmed/11315615
http://www.ncbi.nlm.nih.gov/pubmed/11315615
http://www.ncbi.nlm.nih.gov/pubmed/11315615
https://doi.org/10.1007/bf02012459
https://doi.org/10.1007/bf02012459
https://doi.org/10.1007/bf02012459
https://doi.org/10.3345/kjp.2018.61.5.135
https://doi.org/10.3345/kjp.2018.61.5.135
https://doi.org/10.3345/kjp.2018.61.5.135
https://doi.org/10.3345/kjp.2018.61.5.135
https://doi.org/10.1542/peds.2012-1870
https://doi.org/10.1542/peds.2012-1870
https://doi.org/10.1542/peds.2012-1870
https://doi.org/10.1136/bmjpo-2022-001687
https://doi.org/10.1136/bmjpo-2022-001687
https://doi.org/10.1136/bmjpo-2022-001687
https://doi.org/10.1136/bmjpo-2022-001687
https://doi.org/10.1097/00006454-200007000-00009
https://doi.org/10.1097/00006454-200007000-00009
https://doi.org/10.1097/00006454-200007000-00009
https://doi.org/10.4178/epih.e2021005
https://doi.org/10.4178/epih.e2021005
https://doi.org/10.4178/epih.e2021005
https://doi.org/10.1093/ije/dyg099
https://doi.org/10.1093/ije/dyg099
https://doi.org/10.1093/ije/dyg099
https://doi.org/10.1002/hsr2.860
https://doi.org/10.1002/hsr2.860
https://doi.org/10.1002/hsr2.860
https://doi.org/10.1002/hsr2.860
https://doi.org/10.1007/s00467-003-1118-0
https://doi.org/10.1007/s00467-003-1118-0
https://doi.org/10.1007/s00467-003-1118-0
https://doi.org/10.1179/146532806x152845
https://doi.org/10.1179/146532806x152845
https://doi.org/10.1179/146532806x152845
https://doi.org/10.1007/bf02725654
https://doi.org/10.1007/bf02725654
https://doi.org/10.1038/ki.1983.90
https://doi.org/10.1038/ki.1983.90
https://www.ncbi.nlm.nih.gov/pubmed/8473020
https://www.ncbi.nlm.nih.gov/pubmed/8473020
https://www.ncbi.nlm.nih.gov/pubmed/8473020
https://www.ncbi.nlm.nih.gov/pubmed/8473020
https://doi.org/10.3109/00365519409088436
https://doi.org/10.3109/00365519409088436
https://doi.org/10.3109/00365519409088436
https://doi.org/10.3109/00365519409088436
https://doi.org/10.1073/pnas.0510847103
https://doi.org/10.1073/pnas.0510847103
https://doi.org/10.1073/pnas.0510847103
https://doi.org/10.1073/pnas.0510847103
https://doi.org/10.2147/phmt.s107421
https://doi.org/10.2147/phmt.s107421
https://doi.org/10.2147/phmt.s107421
https://doi.org/10.1007/s15010-016-0972-1
https://doi.org/10.1007/s15010-016-0972-1
https://doi.org/10.1007/s15010-016-0972-1
https://doi.org/10.1007/s00240-003-0344-z
https://doi.org/10.1007/s00240-003-0344-z
https://doi.org/10.1007/s00240-003-0344-z
https://doi.org/10.1084/jem.192.6.881
https://doi.org/10.1084/jem.192.6.881
https://doi.org/10.1084/jem.192.6.881
https://doi.org/10.1084/jem.192.6.881
https://doi.org/10.1016/j.cell.2014.01.006
https://doi.org/10.1016/j.cell.2014.01.006
https://doi.org/10.1016/j.cell.2014.01.006
https://doi.org/10.1016/j.cell.2014.01.006

