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Background: Urinary tract infection (UTI) is a common occurrence in children. UTI
and urological malformations are intimately linked. However, whether urinary tract
malformations affect the clinical features of pediatric UTI remains unclear. The purpose of
this study was to characterize the clinical features and microbial etiology of UTl in children.

Methods: \We retrospectively reviewed the records of 741 patients with UTI treated at
the Chongging Medical University Affiliated Children’s Hospital between 2015 and 2020.
Patients with and without urological malformations were compared using propensity
score matching (PSM).

Results: Escherichia coli was the most common causative microorganism of UTI,
accounting for 40.5% of infections. One hundred twenty-two patients (16.5%) had
urological malformations. PSM identified 122 matched pairs of patients with or without
urological malformations. The proportion of patients with UTI caused by atypical
microorganisms was significantly higher in patients with urological malformations (P =
0.048). Children with urological malformations showed longer duration of intravenous
antibiotic treatment (P = 0.010), higher cost of treatment (P < 0.001), and higher
prevalence of recurrence (23.8 vs. 10.7%, P < 0.001), compared with the normal group.

Conclusion: Children with urological malformations are more likely to develop UTI with
atypical microorganisms. Appropriate imaging examination and urine culture are strongly
recommended for the diagnosis and management of pediatric UTI.

Keywords: urinary tract infection, urological abnormalities, congenital anomalies of the kidney and urinary tract
(CAKUT), pediatric, children

INTRODUCTION

Urinary tract is the most common site of bacterial infection in the human body. Approximately
8% of individuals develop urinary tract infection (UTI) at some time during their childhood (1).
The signs and symptoms of UTI in children are non-specific. Moreover, infants and young children
cannot clearly articulate the symptoms. Thus, the diagnosis and treatment of UTI in children are
commonly delayed, resulting in significant morbidity and sequelae including renal scarring and
end-stage renal disease. UTT and its sequelae place a significant burden on the affected families and
the society (2, 3).
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Ascending infection is the predominant mode of occurrence
of UTI. Microorganisms can pass into the urethra and ascend
toward the bladder. Escherichia coli is the most frequently
implicated microorganism in UTI with prevalence rates ranging
from 50 to 60% (4). Both urinalysis and urine culture are
required for diagnosis of UTI in children. However, urine
culture is typically time consuming. Traditionally, empirical
antimicrobial therapy is administered while awaiting the
culture results. However, the indiscriminate use or misuse
of antibiotics contributes to the emergence of multi-resistant
bacteria. Indeed, in a recent study, Escherichia coli was identified
in 75.7% of urine cultures and the overall positive rate
of extended-spectrum B-lactamase (ESBL) in Enterobacterales
was 37.2% (5). The emergence of antibiotic resistance is a
global public health problem (6). It is also responsible for
increasing treatment costs and drug adverse effects due to
infections. However, whether this phenomenon has persisted
over time remains unclear. Furthermore, appropriate antibiotic
prescription requires knowledge of characteristics of UTI, the
incidence of different pathogens, and local antibiogram of the
pathogens. Taking this into account, one of the purposes of this
article was to update the epidemiologic data of pediatric UTI in
our region.

The rapid advances in imaging modalities over the last decades
have enabled the detection of kidney and urinary tract diseases
in individuals with UTI. Congenital anomalies of kidney and
urinary tract are common in children. These anomalies are
frequently associated with pediatric UTI (7-9). According to
EAU/ESPU guidelines for UTIs, the presence of underlying
urinary tract or kidney anatomical abnormalities is a risk factor
for UTT (10). A systematic review and meta-analysis of 18
studies revealed that children with high grade of vesicoureteral
reflux are prone to UTI and more likely to develop renal scars
(11). However, the effect of urinary tract malformations on the
bacterial composition is not well characterized. To this end,
we performed a retrospective review and compared the clinical
characteristics and microbiological etiology in 244 pediatric UTI
patients with or without urinary tract malformations treated at
our center. To the best of our knowledge, no similar investigation
has ever been conducted on children in our region.

MATERIALS AND METHODS

This was a retrospective study conducted at the Chongging
Medical University Affiliated Children’s Hospital. The study was
approved by the institutional ethics committee.

We retrospectively reviewed electronic medical records
of patients aged < 18 vyears between January 2015 and
December 2020. Only patients who had UTI that was
confirmed by urine culture were included in the study.
Data pertaining to clinical characteristics, socio-demographic
characteristics, imaging evaluation, laboratory findings, and risk
factors associated with UTI were collected. Data pertaining
to the cost of treatment were obtained from the hospital
financial database. Patients with incomplete records were

excluded. Our patients were all in-hospital patients, and
both upper and lower UTIs were included. For patients
with multiple hospital admissions, only the last admission
record was used. Patients who were undergoing antibiotic
prophylaxis, antibiotic treatment within 48 h before hospital
admission, and catheterization within the previous 2 weeks
were excluded.

Clean catch void, suprapubic aspiration, urethral
catheterization, and urine collection bag were used to obtain
urine specimens. Consistent with American Academy of
Pediatrics guidelines (12), bladder catheterization was the main
method used in our cohort.

UTI was defined as a positive culture with urinary symptoms.

Positive test result of urine culture was defined as a single
pathogen growth of more than 10° colony-forming units/mL
(CFU/mL) from a clean catch specimen; or at least 50,000
CFU/mL of a single uropathogen from a catheterized specimen;
or any uropathogenic bacteria from a suprapubic aspirated urine.

Patients were categorized into two groups according
to the presence or absence of anomalies of the kidney
and wurinary tract. The common underlying renal and
urinary tract anomalies in children are hydronephrosis,
vesicoureteral reflux, ureter ectasis, urolithiasis, ureterocele,
renal dysplasia or hypoplasia, renal duplication, ureteral
duplication, posterior urethral valve, single kidney, and vesical
diverticula. Patients with the above anatomic abnormalities
were included in the anomaly group. The remaining
patients were included in non-anomaly group. Pyuria was
defined as >10 white blood cells per high power field on
urine microscopy.

Subsequently, we selected age, sex, and circumcision in
male patients for propensity score generation. To minimize
selection bias, 1:1 propensity score-matching (PSM) analysis
was performed.

Statistical Analysis

SPSS Statistics 22 (IMB, Armonk, NY) was used for data
processing and analysis. Continuous variables are expressed
as mean =+ standard deviation or median =+ interquartile
range (IQR), and categorical variables are expressed as
frequency (%). We used descriptive statistics to summarize
socio-demographic data and pathogen features. Between-
group differences were assessed using the Mann-Whitney U
test or Chi-squared tests. P-values < 0.05 were considered
indicative of statistical significance. PSM analysis was
performed with IBM SPSS Statistics version 22 (IMB,
Armonk, NY) and R software (Version 3.3.2). The 1:1
matched analysis was performed using nearest-neighbor
matching without replacement. A caliper distance of 0.2
was selected.

RESULTS

Characteristics of the Study Population
A total of 741 children diagnosed with UTI were identified.
The demographic characteristics are presented in Table 1. Of
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TABLE 1 | Baseline characteristics of the study population.

TABLE 3 | Etiological agents in children with urinary tract infection.

Patients included

(n =741)
Male, n (%) 379 (51.1)
Female, n (%) 362 (48.9)
Age (years), median (IQR) 2(1-7)
Circumcised, n (%)
Yes 43 (5.8)
No 686 (92.6)
Unknown 12(1.6)
History of urinary tract infection, n (%)
<2 585 (78.9)
>2 156 (21.1)
Fever, n (%) 89 (12.1)
Antibiotic treatment in the previous 2 weeks, n (%) 76 (10.2)
Urological malformations, n (%) 122 (16.5)
Type of strain isolated, n (%)
Gram-negative 523 (70.6)
Gram-positive 218 (29.4)
IQR, inter-quartile range.
TABLE 2 | Age and sex distribution of 741 patients with UTI.
Age (years) Sex Total %

Males Females

-1 60 61 121 16.3
1-3 161 1569 320 43.2
4-18 158 142 300 40.5
Total 379 (61.1) 362 (48.9) 741 100

these, 589 (78.9%) of patients had a first episode of UTI and
156 (21.1%) had recurrent UTIL The median age at presentation
was 2.0 years (IQR = 6.0). Approximately 60% of patients had
disease onset at the age of <4 years. Males were predominant
(51.1%) and only 43 (11.3%) of them were circumcised. The
age stratified results presented in Table2 suggest that UTI
affects male and female children approximately equally across age
groups (P = 0.785).

Methods of urine collection for culture were urethral
catheterization (77.8%), clean catch void (12.5%), urine
collection bag (7.4%) and suprapubic aspiration (2.3%).

The Microbial Spectrum of UTI Based on
Urinary Culture

Gram-negative organisms accounted for 70.6% of all cases of
UTIL. The most common isolated pathogen was Escherichia
coli, which was found in 40.5% (300/741) of patients, followed
by Enterococcus faecium in 15.0% (111/741) of patients,
Klebsiella species in 8.9% (66/741) of patients, Enterococcus
faecalis in 7.8% (58/741) of patients, Pseudomonas aeruginosa
in 4.3% (32/741) of patients, and Enterobacter cloacae in

Etiological agents n %
Escherichia coli 300 40.5
Enterococcus faecium 111 15.0
Klebsiella pneumoniae 66 8.9
Enterococcus faecalis 58 7.8
Pseudomonas aeruginosa 32 4.3
Enterobacter cloacae 30 41
Morganella fulton 16 2.2
Staphylococcus epidermidis 15 2.0
Klebsiella oxytoca 12 1.6
Acinetobacter baumannii 10 1.4
Staphylococcus hemolyticus 9 1.2
Enterobacter aerogenes 7 0.9
Serratia marcescens 6 0.8
Staphylococcus aureus 5 0.7
C. albicans 5 0.7
Enterococcus raffinosus 4 0.5
Citrobacter freundii 4 0.5
Others 51 6.9
Total 741 100
100%
80%
70%
60%
50%
40% 2020(n=30)
®2019(n=122)
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FIGURE 1 | The distribution of bacterium isolated over six years.

4.1% (30/741) of patients (Table3). The distribution of
bacterium isolated in urine during the study period is depicted
in Figure 1.

Frontiers in Pediatrics | www.frontiersin.org

April 2022 | Volume 10 | Article 844797


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Luetal.

Characteristics of Pediatric Urinary Tract Infection

TABLE 4 | Characteristics of patients in the propensity score matched cohort.

Anomaly group Non-anomaly group P-value
(n=122) (n=122)

Age (years), median (IQR) 1.0 (0.8-4.0) 2.0 (1.0-6.0) 0.111
Age (years), mean (SD) 3.1 (4.0 3.7 (3.8) 0.178
Sex ratio (male:female) 70:52 61:61 0.262
Symptoms at onset 0.045
Poor feeding 9 (15.6) 26 (21.3) 0.248
Vomiting 32 (26.2) 19 (15.6) 0.041
Failure to thrive 9 (22.1) 31 (25.4) 0.766
Strong-smelling urine 9(7.9) 1(9.0) 0.641
Irritability 5 (20.5) 21 (17.2) 0.76
Fever 8 (14.7) 1(9.0 0.018
Gastrointestinal complaints 8 (6.6) 6(13.1) 0.085
Abdominal or flank pain 1(25.4) 7 (22.1) 0.547
Dysuria (15 6) 6(13.1) 0.584
Urgency 5(12.3) 22 (18.0) 0.212
Urinary frequency 5(12.3) 2 (18.0) 0.212
Other specific symptoms 41 (33.6) 4 (27.9) 0.331
Laboratory measurements
Pyuria, n (%) 92 (75.4) 99(81.1) 0.337
Urine nitrite positive, n (%) 20 (16.4) 13 (10.7) 0.017
C-reactive protein (mg/L), median (SD) 21.8(31.5) 13.8 (22.2) 0.012
Neutrophilic granulocyte percentage (%), median (IQR) 50.7 (40.0-62.0) 50.4 (37.8-64.2) 0.918
Serum creatinine (wmol/L), median (IQR) 27.0 (22.0-39.3) 26.0 (21.0-40.0) 0.758
Type of strain isolated, n (%) 0.887
Gram- 87 (71.3) 88 (72.1)
Gram+ 35 (28.7) 34 (27.9
Organism, n (%) 0.042
Escherichia coli 52 (42.6) 48 (39.3) 0.603
Enterococcus faecium 22 (18.0) 18 (14.8) 0.489
Klebsiella pneumoniae 15(12.3) 12(9.8) 0.504
Enterococcus faecalis 8 (6.6) (4.9) 0.583
Pseudomonas aeruginosa 5(4.1) 7 (5.7) 0.554
Enterobacter cloacae 4 (3.3) 5(4.1) 0.734
Klebsiella oxytoca 3(2.5) (1.6) 0.651
Others 13(10.6) 24 (19.8) 0.048
Hospitalization costs (CNY), median (IQR) 11,834.5 (8,117.0-20,292.7) 8,5686.6 (6,423.1-15,269.8) 0.010
Duration of antibiotic treatment (days), median (IQR) 13.0 (14.0-21.0) 9.0 (7.0-14.0) <0.001
>1 episode of UTI, n (%) 29 (23.9) 13(10.7) 0.009

IQR, inter-quartile range; SD, standard deviation; CNY, China Yuan.

Anomalies of the Kidney and Urinary Tract
in UTI

In our cohort, 16.5% of patients had >1 defect in the
kidney or urinary tract. Hydronephrosis was the most common
malformation accounting for 42.3% of patients, followed
by vesicoureteral reflux (17.0%) and ureterectasis (12.4%).
Accordingly, 122 patients who had urological malformations
were included in the anomaly group. There was no difference in
sex distribution between the anomaly and non-anomaly groups
(P = 0.132). However, there were significant between-group
differences with respect to age, history of circumcision, and

history of previous chemotherapy or chemoradiation (P < 0.001,
P =0.021, and P < 0.001, respectively).

Characteristics of Patients After

Propensity Score Matching

After PSM, 112 matched pairs of patients were identified
from both groups. Table4 presents the characteristics
of the propensity score matched cohort. There were
no significant between-group differences with respect to
demographic characteristics.
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Clinical Outcomes After PSM

Symptoms at onset of UTI were non-specific and vague. In both
groups, the chief complaints were poor feeding, vomiting, failure
to thrive, strong-smelling urine, irritability, fever, gastrointestinal
complaints, abdominal or flank pain, dysuria, urgency, and/or
urinary frequency. There was a significant difference with respect
to symptom distribution between the anomaly and non-anomaly
groups (P = 0.045). In the anomaly group, vomiting, abdominal
or flank pain, and failure to thrive were the most common
symptoms at presentation (26.2, 25.4, and 22.1%, respectively).
The prevalence of vomiting was significantly more common in
the anomaly group than in the non-anomaly group (26.2 vs.
15.6%; P = 0.041).

Pyuria is a comparatively frequent laboratory finding. The
prevalence of pyuria in patients with urinary tract abnormalities
was not significantly different from that of the normal group
(75.4 vs. 81.1%; P = 0.337). In addition, a urine nitrite test was
positive in 20 patients in the anomaly group and 13 patients
in the non-anomaly group; the between-group difference in
this respect was statistically significant (P = 0.017). C-reactive
protein level in the anomaly group was significantly higher than
that in the non-anomaly group (P = 0.012). There were no
significant between-group differences with respect to percentage
of neutrophilic granulocytes, white blood cell count, or
serum creatinine.

Gram-negative microorganisms were isolated in 71.3%
patients in the anomaly group and 72.1% patients in the non-
anomaly group (P = 0.887). The types of causative organism
were significantly different in the anomaly group and non-
anomaly group (P = 0.042). In the anomaly group, the most
common causative organisms were Escherichia coli, Enterococcus
faecium, Klebsiella pneumoniae, and Enterococcus faecalis,
accounting for 42.6, 18.0, 12.3, and 6.6% of pathogens,
respectively. No significant difference was observed in
the prevalence of 7 most common causative organisms
between the two groups. However, other organisms which are
relatively rare in UTI were significantly different between the
groups (P = 0.048).

In our cohort, the most commonly prescribed class of
antibiotics for UTI was piperacillin/tazobactam (407 cases,
54.9%), followed by latamoxef (179 cases, 22.4%). In the anomaly
group, 25.4% patients were switched to narrower spectrum
agents from previous antibiotics upon identification of causative
microorganisms by urine culture. There was no significant
between-group difference with respect to the rate of change in
antibiotic (25.4 vs. 18.8%; P = 0.217). Urine culture conversion
to negative had occurred in 51.4% patients during the hospital
stay. The median time to conversion to a negative urine culture
was 5.6 £ 4.3 days.

Costs were determined from billing data. It comprised
primarily drug cost, diagnostic cost and routine services
cost. Drug costs were identified as a major source of cost
burden which were mainly affected by the length of stay.
The analysis revealed a significant increase in treatment costs
in the anomaly group compared with those in the non-
anomaly group (P < 0.001). Moreover, the anomaly group
showed a longer duration of intravenous antibiotic treatment

during inpatient treatment compared with the non-anomaly
group (P = 0.010) and higher prevalence of recurrence
(23.8 vs. 10.7%, P < 0.001).

DISCUSSION

Over the 6-year reference period for this study, E. coli was the
most common pathogen isolated in urine samples from patients
with UTTI treated at our hospital. This finding is consistent with
previous studies (9, 13, 14).

The median age of patients in our cohort was 2 years, which
is lower than the median age of >3 years reported by Weisz et al.
(15). Male children accounted for a slightly higher proportion of
study population than female children. This finding is contrary
to previous studies in which female preponderance was found
in UTI (16-18). A possible explanation for this might be that
male children are more affected by urological malformations than
female children. Anatomically, urethral valve and phimosis in
male children can result in obstruction, increasing the risk of
UTI. Compared with men, women have a shorter urethra in close
proximity to genital organs, which provides microorganisms
with easy access to the urinary tract. In spite of this, the
factor cannot be overestimated due to the fact that female
children of younger age did not experience menstruation and
sexual activity. Another possible explanation could be related
to circumcision. In our cohort, only 11.3% of male children
were circumcised. This proportion was substantially less than
that reported elsewhere. Circumcision was more prevalent in the
United States and the reported circumcision rate in neonates
was up to 75% (19). In non-circumcised male children, bacterial
flora may adhere well to foreskin mucosa increasing the risk
of UTI. A meta-analysis by Buscemi et al. (20) suggested a
lifetime benefit from circumcision due to reduced risk of UTI.
The American Academy of Pediatrics also advocates the benefits
of male circumcision with respect to prevention of UTI (21).
Thus, physicians should explain the potential benefits and risks
of circumcision to parents of children who are at high risk
of UTL to ensure they have sufficient knowledge to permit
informed decision-making.

We investigated the clinical, radiological, and etiological
characteristics of UTT in children with or without malformations
of the urinary tract. In addition, we performed PSM analysis
to minimize the influence of confounding variables. To the
best of our knowledge, this is the first study to compare the
clinical outcomes in different groups in UTI utilizing PSM.
In our study, pediatric patients with UTI with or without
urinary tract malformations had similar clinical symptoms
and laboratory measurements. This is consistent with previous
studies which showed that the clinical and laboratory features
of UTI in children are non-specific (8, 9, 22, 23). This often
contributes to the delayed diagnosis and management of UTI in
pediatric patients.

At present, a positive urine culture result is considered as
the gold standard for diagnosis of UTI (24). In our cohort, E.
coli was the predominant causative microorganism in pediatric
UTIL regardless of the group. We also found that identification
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of atypical species in children with urological malformations
was almost double compared to that in the non-anomaly
group. Previous studies have identified a potential association
between non-E. coli UTI and urological malformations (25-
27). In a study conducted in Cuba, the presence of VUR was
a significant risk factor for non-E. coli UTI (26). Pauchard
et al. (27) also showed UTI caused by non-E. coli is frequently
associated with the presence of an anatomical malformation.
This is consistent with our findings. Unlike these studies, we
further explored the distribution of bacterial species other than
E. coli in detail. We cautiously speculate that children with
urological malformations are more likely to develop UTI caused
by atypical microorganisms, such as Staphylococcus epidermidis.
This interesting result may be related to alteration in the
bacterial composition of urinary tract. A recent review article
mentioned that the urinary tract is not sterile and an imbalance
in urinary microbiome may contribute to the development of
UTI (28). Normally, bacteria in the urinary tract are washed
away by the unidirectional flow of urine in healthy individuals.
Malformations of the urinary tract or kidney may slow down
the urine flow and even lead to urinary reflux, which may
increase the odds of infection caused by atypical microorganisms.
However, these hypotheses need to be further investigated
and validated.

The number of patients included in this study was much
lower than our expectation. This may have been attributable to
several factors. First, one of the key reasons was the dramatic
decline in medical admissions due to the impact of COVID-
19 (29). Indeed, the number of patients included in 2020 was
75.4% lower than that in 2019 in our study. Typically, UTT in
pediatric patients is considered as a less urgent condition. Due
to concerns related to the epidemic, parents may have avoided
taking their children to the hospital. However, the consequent
delay in seeking treatment may have serious consequences in
children with UTIL Consequently, better public health policies
are required to ensure that patients with similar situations
can obtain hospital care during the pandemic. The second
reason could have been because of insufficient attention to urine
culture. This may be due to negligence of both the medical
staff and the patient. During data collection, we noted that a
significant proportion of patients who were clinically diagnosed
with UTI did not undergo urine culture test at least once.
When compared with other physicians, pediatricians are more
likely to obtain urine cultures (30). In addition, our study
population has a relatively young age. Suprapubic aspiration
and urethral catheterization are recommended in the non-toilet-
trained or initial trained population for urine collection (31).
However, both of methods are invasive. Parents often do not
consent to this procedure because it can cause discomfort to
their children. This reminds us that obtaining a proper urine
culture requires engagement with medical staff and education
of families.

Some limitations of our study should be acknowledged. First,
due to the retrospective study design, the influence of selection
bias on our results cannot be ruled out. Second, the sample size
was relatively small. The rigorous inclusion criteria restricted

the sample size. A large number of patients were excluded
because of lack of urine culture results or negative urine culture
results. Medical admissions fell dramatically under the influence
of COVID-19 outbreak, as mentioned before. Third, the study
population was largely sourced from a single area in China
and we did not include outpatient data in the analysis for
comparison. Fourth, the proportion of lower and upper UTIs
were not specified. Based on the retrospective data, we were
unable to accurately differentiate children with cystitis from
children with pyelonephritis. Finally, due to the insufficient
data, this study does not discuss the degree of hydronephrosis
and urinary tract infection was not classified by infection site.
Our findings may not be generalizable to other populations.
Hence, our findings need to be interpreted cautiously. Further,
multicenter studies with rigorous design should be performed in
the future.

CONCLUSION

In conclusion, E. coli was the predominant -causative
microorganism of pediatric UTI in our study. Children
with urological malformations are more likely to develop
UTI caused by atypical microorganisms, which could lead
to longer hospital stay, high health care costs, and high
recurrence. Characterizing the clinical features and microbial
etiology can facilitate the timely diagnosis and treatment of
pediatric UTL.
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