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Abstract

Purpose of Review Urinary tract infection (UTI) in children is a major source of office visits
and healthcare expenditure. Research into the diagnosis, treatment, and prophylaxis of
UTI has evolved over the past 10 years. The development of new imaging techniques and
UTI screening tools has improved our diagnostic accuracy tremendously. Identifying who
to treat is imperative as the increase in multi-drug-resistant organisms has emphasized
the need for antibiotic stewardship. This review covers the contemporary management of
children with UTI and the data-driven paradigm shifts that have been implemented into
clinical practice.

Recent Findings With recent data illustrating the self-limiting nature and low prevalence
of clinically significant vesicoureteral reflux (VUR), investigational imaging in children
has become increasingly less frequent. Contrast-enhanced voiding urosonogram (CEVUS)
has emerged as a useful diagnostic tool, as it can provide accurate detection of VUR with-
out the need of radiation. The urinary and intestinal microbiomes are being investigated
as potential therapeutic drug targets, as children with recurrent UTIs have significant
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alterations in bacterial proliferation. Use of adjunctive corticosteroids in children with
pyelonephritis may decrease the risk of renal scarring and progressive renal insufficiency.
The development of a vaccine against an antigen present on Escherichia coli may change
the way we treat children with recurrent UTIs.

Summary The American Academy of Pediatrics defines a UTI as the presence of at least
50,000 CFU/mL of a single uropathogen obtained by bladder catheterization with a dip-
stick urinalysis positive for leukocyte esterase (LE) or WBC present on urine microscopy.
UTIs are more common in females, with uncircumcised males having the highest risk in
the first year of life. E. coli is the most frequently cultured organism in UTI diagnoses and
multi-drug-resistant strains are becoming more common. Diagnosis should be confirmed
with an uncontaminated urine specimen, obtained from mid-stream collection, bladder
catheterization, or suprapubic aspiration. Patients meeting criteria for imaging should
undergo a renal and bladder ultrasound, with further investigational imaging based on
results of ultrasound or clinical history. Continuous antibiotic prophylaxis is controversial;
however, evidence shows patients with high-grade VUR and bladder and bowel dysfunction
retain the most benefit. Open surgical repair of reflux is the gold standard for patients who
fail medical management with endoscopic approaches available for select populations.

Introduction

Urinary tract infection (UTI) is one of the most com-
mon diagnoses affecting children and infants, account-
ing for 0.7% of physician office visits and 5-14% of
emergency room visits per year [65]. Over the last
10 years, there has been a shift in the management
of UTI, particularly regarding diagnosis and antibiotic
prophylaxis for recurrent infections. In this review

Risk factors for UTI

article, we cover the diagnosis, workup, and treatment
of children with suspected UTI. We also explore the
role of antibiotic prophylaxis, investigational imaging,
and approaches to unique populations. Our goal is to
help familiarize clinicians with the current manage-
ment of pediatric UTI as new data becomes imple-
mented in clinical practice.

UTI in children is strongly associated with white race, age, bowel and bladder
dysfunction (BBD), circumcision status, and congenital anomalies of the kid-
ney and urogenital tract (CAKUT) [1, 2]. Other risks include systemic disease
(diabetes, HIV, immunocompromise, sickle cell disease), spinal dysraphism,
sexual activity, kidney stones, and urinary tract instrumentation [4].

Uncircumcised neonates have a particularly high incidence of UTI (2.15%)
when compared to circumcised males (0.22%) and females of the same age
(2.05%) [1, 2]. Furthermore, uncircumcised males have been found to have a
higher resistance to narrow-spectrum antibiotics when compared to females
in the same age group (2-71 months) [26]. Data has shown a higher preva-
lence of UTIs in white children when compared to African American cohorts;
however, Latinx populations have also been found to have increased risk |1,
2]. It is possible that this is due to the higher uncircumcised population in
the Latinx community [2].
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A recurrent UTI is defined as an individual who is diagnosed with 2 or
more UTIs in a 6-month period, or 3 within a 1-year period. The two risk fac-
tors shown to have the highest 2-year recurrence rate for UTI are vesicoureteral
reflux (VUR) and bladder and bowel dysfunction (BBD), with the combina-
tion of both producing an even higher risk (56%) [1].

Risk factors for renal scarring after febrile UTI include children with
high-grade reflux, delayed initiation of antibiotics past 72 h, recurrent UTIs,
infectious organisms other than E. coli, and older age [5-8, 17]. Labora-
tory findings linked to renal scarring are fever (>39 °C), polymorphonuclear
count>60%, CRP>40 mg/L, and an abnormal finding on renal and bladder
ultrasound (RBUS) [9].

Diagnosis

Pre-verbal children present a diagnostic challenge, as they cannot commu-
nicate lower urinary tract signs. The most clinically proven symptom in this
age group is fever, but other common symptoms that should raise suspicion
include irritability, vomiting, diarrhea, prolonged jaundice, poor feeding, and
failure to thrive [14]. Recent advent of UTI risk calculators for febrile infants
has improved detection in this cohort. The University of Pittsburgh used
their risk calculator to reduce rates of UTI testing (8.1%), increase accuracy
of testing, and reduce treatment delays (10.6%) when compared to the AAP
algorithm and dipstick urinalysis [63]. At our institution, we have employed
a UTI clinical pathway to streamline and simplify diagnosis and treatment
(Fig. 1). The goal of the Connecticut Children’s Clinical Pathway program is
to standardize best practice, improve patient outcomes, and reduce cost. This
is accomplished by decreasing unnecessary variation while promoting safe,
effective, and consistent patient care. The pathway for UTI was designed by
physicians from the Department of Pediatrics with input from the urology
and nephrology divisions. Quality metrics including appropriate use of anti-
biotics and imaging are tracked. Antibiotic recommendations are routinely
reviewed to ensure that they are appropriate based on hospital antibiograms.

Since 5% of children between 2 and 24 months with a fever of unknown
origin have a UTI [10], a urinalysis is an important diagnostic tool. In toilet-
trained children, the collection method of choice is a mid-stream, clean-catch
urine specimen after appropriate genital cleansing. Recent studies have shown
a significant rate of urine culture contamination in children who did not
perform perineal washings (23.9%) compared to those that did (7.8%) prior
to mid-stream urine collection [11, 12].

In diapered children, three options exist: perineal bag collection, bladder
catheterization, and suprapubic aspiration. Up to 85% of bag-collected speci-
mens with a positive culture will be false positives [10]. Bag collection should
be treated as an initial screening measure only: a negative result confirms the
absence of a UTI [18]. Bladder catheterization is 95% sensitive and 99% spe-
cific, and is less technically difficult in comparison to suprapubic aspiration
[10]. While some studies claim suprapubic aspiration is more painful and
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CLINICAL PATHWAY:

Urinary Tract Infection (UTI)

THIS PATHWAY
SERVES AS A GUIDE

AND DOES NOT
REPLACE CLINICAL
JUDGMENT.

Risk Factors for ( Inclusion Criteria: 2 mo-18 yrs old, 1% or 2" UTI )
. Exclusion Criteria: < 2 mo old, past d d >2 UT! or pyel hritis, p isting GU/Nephro abnormalities
Males v
®  Uncircumcised < 1 Initial Work Up:
year old e If 2mo-24mo or non-toilet trained:
e All<6monthsold o Obtain urinalysis (U/A) AND culture via suprapubic aspiration (SPA) or catheterization (cath)
e Temp>39*C o Ifany voided specimen is positive (LE/nitrite/bacteria/pyuria): obtain a cath specimen for U/A, culture
e Fever>24hrs e Iftoilet trained/non sexually active adolescent: Obtain mid stream clean catch U/A and culture
. Non-black race e If sexually active adolescent: Obtain dirty urine for GC/Chlamydia, mid stream clean catch U/A, culture, urine hCG
*  Absence of another
source of infection If concern for sepsis, initiate Septic Shock Pathway

Females

e  Whiterace
All <12 months old

v
If suspected UTI based on clinical picture OR
presumed UTI (U/A with positive leukocyte esterase or nitrates, and/or >5 WBC and bacteria)

.
e Temp>39*C
. Fever >2 days
*  Absence of another
source of infection

Meets Admission Criteria?

Requires IV antibiotics
Immunocompromised
Vomiting, unable to tolerate

If lower
abdominal/
pelvic pain:
consider
bimanual
exam to
evaluate for
PID.
e Ifabnormal
vaginal
discharge:
test for yeast,
BV,

stain):

(max: 4 g/day)

e iStat chem 10if not
trichomonas.

Review past culture results for potential resistance patterns.
. Start empiric treatment with Ceftriaxone IV
o 2-24mos: 50mg/kg q24hr (max: 1gm/day)
o >24mos: 50mg/kg q24hr (max: 2gm/day)
. If concerned about Enteroccoccus (Gram pos gram

o add Ampicillin 100-200 mg/kg/day divided q6hr

Work Up and Consults:

done

o If abnormal, send chem 10 to lab

oral medication Ne
Lack of adequate f/u
A 4
OUTPATIENT TREATMENT

Review past culture results for potential
resistance patterns.
If history of UTI with resistance, treat off pathway.

*  Cephalexin 50-100 mg/kg/day TID PO
(if concern for pyelonephritis: 75-100 mg/kg/day
divided g6hr) (max: 4 g/day)
. If PCN allergy:
o Bactrim 8 mg TMP/kg/day PO divided BID
(max: 160 mg TMP single dose) OR

Discontinue
antibiotics and
consider other
sources of
fever.

o Call Nephrology if acute kidney injury (AKI)*

Definite UTI

(+U/A and + culture)?
Positive urine culture =
SPA > 100 cfu/ml OR
Cath: > 10,000 cfu/ml OR
Clean catch: >10,000-100,000 cfu/ml.

o Nitrofurantoin (only for use in simple cystitis)
5-7 mg/kg/day divided q6hr PO (max 400
mg/day)

o Duration of treatment: 7-14 days

. If sexually active female: Nitrofurantoin 100 mg

BID x5-7 days or Bactrim DS BID for 3 days (for

Staph i If concern for itis:

consider Ciprofloxacin or Levofloxacin

Imaging:
*  Renal bladder ultrasound if indicated:
o  Allboys

o Treat for total 7-14 days

UTI with bacteremia

. All boys
®  Girls 2-24 months

issues, ipation and bladder

. Adjust antibiotics according to sensitivities to organism

o Transition to PO as tolerated
. Consider ID consult for: UTI likely but culture >1 organism, drug resistant organisms,

Order Renal Bladder Ultrasound (RBUS) for:

. Girls >24 months: provider discretion based on behavioral history such as toileting

e Previously abnormal RBUS
or staphylococcus auerus

Urology consult.

. Seriously ill, poor urine flow, elevated creatinine, urine culture positive for candida
If RBUS is anatomically abnormal, strongly consider VCUG and Nephrology AND/OR

If 2" UTI with normal RBUS, can discuss further imaging with specialist.

o Al patients 2-24months 1% or 2™ UTI

) Girls >24 months: provider discretion
based on behavioral history such as
toileting issues, constipation and bladder
dysfunction

Consider VCUG if previous or current RBUS is

abnormal (hydronephrosis, scarring,

structural abnormalities)

Urine culture for speciation and
sensitivities

Schedule follow-up w/PCP

If imaging abnormal, consider f/u with
Nephrology or Urology

2Consider Acute Kidney Injury (AKI)

Consider: Treating any bowel/bladder dysfunction (i.e.
v

based on the following criteria:

Discharge Criteria

2 months-2yrs: Cr>0.4 mg/dL
3yrs-15yrs: Cr>0.7 mg/dL

Tolerating PO antibiotics

Clinical i (d trending fevers, d
Adequate PO without need for IVFs

Parent capable of caring for child at home, parental education complete

Imaging studies or

as

PCP and/or subspecialty follow-up scheduled

>16 yrs: Cr>1.0mg/dL
Cr that increases by 50% from
baseline or by 0.2 mg/dL

..Connecticut

©2019 Connecticut Children’s Medical Center. All rights reserved. 19-004 hold .
https://www.connecticutchildrens.org/clinical-pathways/urinary-tract-infection-clinical-pathway/ . c I ren s

Fig. 1 UTI clinical pathway
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has a higher rate of collection failure, it has also been shown to have a lower
rate of false positives [13-15]. In our experience, with proper technique and
selective use of bedside ultrasound, suprapubic aspiration can be quick and
well-tolerated when bladder catheterization is not a good option.

Urinalysis, urine culture, common organisms

The American Academy of Pediatrics defines a UTI as the presence of at least
50,000 CFU/mL of a single uropathogen obtained by bladder catheterization
with a dipstick urinalysis positive for leukocyte esterase (LE) or WBC present on
urine microscopy [16]. Due to the high sensitivity of LE, it is commonly used to
rule out UTI in its absence. Nitrites have a higher specificity, and are thus used to
rule in disease [88]. The presence of bacteria, WBC, and RBC on urine microscopy
can add confirmation to the diagnosis. Table 1 shows the sensitivity and specific-
ity of these clinical indicators alone and in combination for diagnosis of UTI.
Culture diagnosis is dependent on collection method, with> 100,000 CFU/
mL required for mid-stream specimen, >50,000 CFU/mL for catheterization,
and > 1000 CFU/mL for suprapubic aspiration [16]. Emerging data has sug-
gested that in infants with fever and pyuria, lowering the colony count for cath-
eterized specimens to 10,000 CFU/mL will accurately diagnose UTI without
sacrificing specificity [89]. The most common organism responsible for UTI
in children is Escherichia coli, with Klebsiella pneumoniae, Enterococcus faecalis,
and Proteus mirabilis also frequently cultured [16, 66, 82]. Table 2 shows a
breakdown of common organisms in the community and nosocomial setting.
Cultures are susceptible to contamination from feces and skin flora. Signs
of contamination include> 10 squamous epithelial cells/HPE presence of>2
bacteria, low bacterial colony count, and growth of non-uropathogens (Lacto-
bacillus, Corynebacterium, Viridans streptococci) [18]. When asymptomatic bac-
teriuria (AB) is encountered on culture analysis, treatment should be avoided
as it can promote symptomatic infections, antibiotic-resistant organisms, and

Table 1 The sensitivity and specificity of these clinical indicators alone and in combination for diagnosis of UTI

Diagnostic variable

Leukocyte esterase*
Nitrite**

Pyuria (10 leukocytes/hpf)
Nitrite+ pyuria

LE OR nitrite with pyuria

Sensitivity Specificity AUC
48-86% 17-93% 0.814
45-60% 85-98% 0.635
92% 71% 0.817
82% 99%

94% 84% 0.845

All values include influence from study population demographics

*Accuracy found to be highest in patients in urology clinics

**Accuracy found to be highest in pregnant women and the elderly

AUC, area under the curve—for prediction of positive urine culture for infection

Data generated from references [89, 90]
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side effects. While contamination is common, true AB is an extremely rare
event, with prevalence in infant boys and girls found to be<0.5%, and in
boys after infancy, <0.1% [91]. Higher rates exist in children requiring use of
foreign body instrumentation in the GU tract, such as those requiring daily
CIC [90].

Treatment

Once the clinician has reached a suspected diagnosis of UTI, the child should
be treated with antibiotics within the first 48 h to prevent likelihood of renal
scarring [6, 7, 25]. There is likely a linear relationship between the prevalence
of renal scar formation and delayed time to treatment [7].

Antimicrobial stewardship is more important than ever with the rise of
multi-drug-resistant pathogens. This includes extended spectrum beta-lacta-
mase (ESBL) producing organisms, which have been found increasingly in
community acquired UTIs [27-29]. One study found ESBL-producing E. coli
composed nearly half of the bacterial strains in their culture-proven cohort
[66]. The AAP recommends Bactrim, Augmentin, or cephalosporins (cefixime,
cefpodoxime, cephalexin) as first-line agents for uncomplicated pediatric UTI;
our institution’s clinical pathway recommends Ceftriaxone IV or Cephalexin
PO. Unfortunately, there is data suggesting the most common empiric antibi-
otics (Bactrim, Augmentin, ampicillin, and first-generation cephalosporins)
have the highest growth of antibiotic resistance among UTI-producing bacte-
ria [27-29]. Regardless of the first-line agent typically chosen, clinicians must
also review patient-specific culture results and follow local antibiograms and
antimicrobial sensitivity patterns available at their institution.

Multiple studies show a 2- to 4-day course of oral antibiotics is just
as effective as a 7- to 14-day course in children with cystitis [18, 30, 31].
Those with acute pyelonephritis can also be treated with oral antibiotics for
10-14 days or IV antibiotics for 2-4 days followed by oral therapy [18, 32].

Imaging

The purpose of imaging is to identify genitourinary anomalies that increase
the risk of recurrent UTI and injury from repeat infections (renal scarring,
renal insufficiency). A renal and bladder ultrasound (RBUS) should be
obtained in all infants aged 2-24 months after first febrile UTI [18]. Chil-
dren who are older than 2-24 months who experience recurrent febrile UTIs
should also be evaluated, though RBUS has a poor sensitivity for detecting
mild-moderate VUR [18].

Voiding cystourethrogram (VCUG) is indicated if an abnormality is found
on RBUS or for recurrent febrile UTI [18]. VCUG is used to identify chil-
dren with high-grade (IV-V) reflux who are at risk for renal deterioration but
should be used selectively given the need for catheterization and the radia-
tion exposure [18]. Multiple studies have found that low-grade VUR does not
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increase risk of renal damage and is frequently self-limiting; therefore, the use
of VCUG has become increasingly selective. Data has shown less than 40%
of children are found to have VUR after their first febrile UTT and among this
group, less than 10% have high-grade VUR (1IV, V) [16, 61, 62]

Contrast-enhanced voiding urosonogram (CEVUS) has emerged as a
radiation-free method of evaluating children for VUR. The method works by
using contrast-containing echogenic microbubbles that are easily detected
using low-mechanical index ultrasound. The diagnostic accuracy of CEVUS
for VUR is excellent, with recent studies quoting a sensitivity of 90.4-92%
and a specificity of 92.8-98% [20, 21¢]. Concordance with VCUG for detec-
tion and grading of VUR is 84.3% and 81.8%, respectfully [21¢], with a mul-
titude of data confirming non-inferiority of CEVUS when compared to VCUG
(20, 21%, 22-24].

Dimercaptosuccinate (DMSA) scans can be used to identify patients with
renal scarring, however are also sensitive for detecting renal anomalies such
as small or absent kidneys, ectopic kidneys, and duplex systems. The AUA
recommends DMSA scans when initial RBUS is abnormal or when there is
a concern for renal scarring (breakthrough UTIs) [19]. A DMSA scan has a
higher sensitivity for detecting renal parenchymal injury when compared to
RBUS; however, inflammatory changes to the kidney can cause false-positive
scans if performed in the first 4-6 months following an infection [16, 19].
Similar to VCUG, the pitfall of DMSA is radiation exposure, with one study
proving the average exposure per scan is 2.84 mSv, equal to 28 chest X-rays
per year [60]. DMSA can also be difficult for radiologists to obtain.

Antibiotic prophylaxis
]

Continuous antibiotic prophylaxis (CAP) can be prescribed to prevent renal
injury in children who experience recurrent febrile UTIs. Recommendations
on prophylaxis can be controversial. Proponents for CAP reference the RIVUR
trial, a randomized study that investigated use of CAP in preventing recurrent
febrile UTIs in patients with dilated and non-dilated VUR. Bactrim decreased
the rate of recurrent UTIs by 50% in all patients with VUR; dilated VUR found
the most benefit [33¢]. However, the study found no difference in the rate
of renal scarring between treatment groups, the outcome of interest to most
physicians. This was confirmed by the CUTIE trial, which showed no differ-
ence in renal scarring between children with or without VUR who did not
receive CAP after febrile UTI [3]. To date, there is no level I data to show CAP
has any effect on renal scarring [3, 33¢, 44].

A meta-analysis sought to validate the benefit of CAP in children with
VUR and found that with the addition of the RIVUR trial data, statistical sig-
nificance was achieved [34¢]. However, a recent publication using advanced
analysis has doubted the statistical power of these results [34¢, 35]. Adding to
the skepticism is the multitude of publications noting CAP has no significant
effect on preventing recurrent UTI in kids with VUR [39-42, 45, 46], not to
mention that there is a three-fold higher risk of antibiotic-resistant organ-
isms present in infected patients with low-grade VUR on CAP therapy [48].
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Nonetheless, children with high-grade VUR and BBD have consistently been
shown to derive benefit from CAP [33¢, 34¢, 36-38, 43]. The work comparing
time to febrile UTI after discontinuing CAP has identified BBD and high-grade
VUR as independent risk factors for early recurrence [37, 38].

Given this evidence, the American Urologic Association and our own
practice are to recommend continued antibiotic prophylaxis (CAP) for a
child <1 year of age with VUR and a history of febrile urinary tract infec-
tion [19]. Prophylaxis should be considered for all patients with high-grade
VUR (III-V). CAP is also recommended for children>1 year of age if they
have BBD and VUR [19]. For children with VUR or renal cortical anomalies
without BBD, CAP is optional and should be discussed as part of a shared
decision-making process.

Treatment of bladder and bowel dysfunction

Bladder and bowel dysfunction is defined by a constellation of lower urinary
tract symptoms (LUTS) in conjunction with bowel dysfunction, most notably
constipation or encopresis [82, 96, 97]. LUTS include, but are not limited to,
dysuria, frequency, incomplete emptying, incontinence, nocturia, and reten-
tion. It is thought that the retention of stool in the rectal vault mechanically
compresses the bladder, leading to decreased compliance and frequent urina-
tion. In addition, there seems to be a neurologic component, with chronic
retention of urine and stool leading to a decreased afferent response from the
bladder and pelvic floor. This results in an attenuated sensation to urinate
and poor relaxation of the pelvic floor during voiding [82, 96, 97]. Children
with BBD have increased rates of reflux, UTI, and renal sequelae [96, 97].
Compounding the issue, those with BBD treated medically or surgically for
VUR have increased rates of recurrence and poorer outcomes [64, 82].

About 50% of children with BBD will improve with behavioral interven-
tion alone [98]. Treatment starts with adequate hydration to improve bladder
cycling, timed voiding every 2-3 h, appropriate voiding posture, and pelvic
floor muscle training (PFMT) with or without biofeedback therapy [82, 96].
In biofeedback, monitors placed on the skin electronically record pelvic floor
musculature in real time allowing for improved voluntary control during
voiding. Studies have shown a UTI prevention rate of 68-86% in children
treated with behavioral therapy and PFMT alone [96, 99-103]. Medications
such as alpha agonists and muscarinic antagonists are pursued if symptoms
persist in spite of behavioral treatment and adequate management of consti-
pation for 6 months. If these treatments fail, OnabotulinumtoxinA and sacral
neuromodulation are among last resort options [96].

The initial treatment for constipation in children includes increased fiber
intake, proper hydration, and stool softeners. Polyethylene glycol is the most
commonly prescribed stool softener in children [96, 98]. Children are often
encouraged to sit on the toilet for 10 min after meals to take advantage of
the gastrocolic reflex. If these treatments fail to resolve constipation, retro-
grade enemas, dis-impaction, and anterograde continence enema (ACE) pro-
cedures can be employed [96, 98]. There is some data showing the use of
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neuromodulation can simultaneously improve overactive bladder and con-
stipation in children with BBD; however, this should be selectively utilized
given the invasive nature of the treatment [104, 105].

Surgical treatment

The index patient who may benefit from surgery is one who has proven VUR
and experiences breakthrough UTIs while receiving CAP therapy [19]. Other
reasons include non-compliance with antibiotics or new renal cortical lesions
found on surveillance screening [16, 19].

The most common approaches for ureteral reimplantation are the Poli-
tano-Leadbetter, Lich-Gregoir, modified Lich-Gregoir, and Cohen cross-trig-
onal reimplant. Historically, open surgery remained the gold standard; in
recent years, robotic-assisted laparoscopic approaches have good data sup-
porting their efficacy, with lower rates of post-operative pain, less opioid use,
shorter hospital stay, and improved cosmesis [50, 51, 53-55]. Furthermore,
there is data proving non-inferiority in VUR downgrading and radiographic
resolution when compared to open techniques [50, 52, 54]. In non-experi-
enced centers, robotic-assisted approaches have seen a higher 90-day compli-
cation rate and a significantly higher cost to the patient’s family [56].

Endoscopic treatment (ET) involves an injection of a subureteral or intrau-
reteral bulking agent. Dextranomer and hyaluronic acid (Deflux) is the most
common anti-reflux agent. There is data showing no difference in preven-
tion of UTI recurrence or renal scarring in patients with VUR undergoing ET
when compared to CAP alone [47, 49]. However, endoscopic therapy is still
used commonly in clinical practice with the index patient being one with
low-grade VUR or an older patient in which reimplantation would be more
technically difficult.

It is important to note that children with lower urinary tract dysfunction
have an increased surgical failure rate for reflux resolution in both open and
endoscopic series. Thus, treating the underlying urinary symptoms should
preclude any attempt at surgical intervention for VUR [64].

Unique populations

The majority of children born with spina bifida (SB) suffer chronically
from increased bladder storage pressures, difficulty emptying, and depend-
ency on catheter drainage, which put them at risk for recurrent UTI and
renal deterioration [67]. One paper demonstrated 50% of children with
spina bifida will experience a UTI by 15 months and 44% will have>5
UTIs by 15 years old [68]. Based on the National Spina Bifida Patient Reg-
istry, > 70% of spina bifida patients perform CIC. This population presents
a diagnostic challenge to discern asymptomatic colonization versus symp-
tomatic infection. There is no uniform consensus on symptomatic UTIs
in SB patients; however, in a systematic review, fever, positive culture, and
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symptoms were the most reported criteria [70]. Symptoms included flank
pain, abdominal pain, change in continence patterns, increased urine
odor, and dysuria [70, 71]. The primary goal in identifying SB patients
with symptomatic UTIs is to prevent renal damage; however, multiple
studies have shown that renal function is largely preserved in patients
with asymptomatic bacteriuria in the absence of VUR and hostile bladder
parameters on urodynamics [69]. Therefore, complete evaluation includ-
ing urodynamics and ultrasound is key to identify patients at risk for
infectious sequelae. Preventing high detrusor pressures, urinary stasis, and
constipation will also attenuate risk for infection. While the research does
not provide uniform guidelines, patients with fever, culture-positive urine,
and new-onset symptoms should be prioritized for antibiotic treatment.

Bladder exstrophy (BE) is a rare condition with an exposed bladder plate,
epispadias, and pelvic diastasis [82]. After initial bladder closure, ureteral
insertion is commonly at a 90° angle with a very limited intramural tunnel.
Thus, a significant number of patients will have VUR and may be at risk of
recurrent febrile UTI if ureteral reimplantation is not performed during the
operation [81]. Ureteral reimplantation during bladder exstrophy repair has
been shown to decrease rates of infection and renal scarring [72, 73, 81]. If
reimplantation is not performed primarily, emphasis should be placed in
identifying those with VUR and use of prophylactic antibiotics should be
considered. Continence remains a challenging issue in this population, with
a high rate of CIC dependence or augmentation cystoplasty, both of which are
associated with UTI [107]. In addition, those found to have continence after
repair tend to have higher rates of VUR and recurrent febrile UTI [81, 108].
One unique option for UTI in patients with urologic reconstructions who
already perform CIC is intravesical antibiotic instillation, either as prophy-
laxis or treatment. In one study that evaluated intravesical gentamycin, serum
levels were indetectable and development of antibiotic resistance low (4.16%)
[109]. Since patients with BE report high rates of recurrent UTI and renal scar-
ring in adulthood, this population requires close urologic care in childhood
and beyond [107].

Future directions

Emerging research has identified a relationship between vaginal, intestinal,
and urinary bacteria and the development of recurrent UTI. Intestinal bac-
teria have historically been a focus of research as introital and periurethral
colonization with these organisms remains a common etiology for adult
female UTIs [74]. In a recent publication, children with recurrent UTIs were
found to have higher proportions of fecal bacteria from the Enterobacter
family as compared to the Peptostreptococcaceae family found in those with-
out UTI [77]. It is an important distinction, as a 1% relative abundance of
Escherichia or Enterococcus species acts as independent risk factor for UTI [75].
In another study, patients with recurrent UTI and Clostridium difficile colitis
underwent a fecal transplant, leading to a significant reduction in their UTI
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recurrence [76]. While intestinal bacteria can act as a nidus for genitourinary
infections, the vaginal flora has a number of mechanisms to protect against
bacterial invasion and proliferation. In Stapleton et als randomized phase I1
trial of adult women, intravaginal instillation of Lactobacillus crispatus led to a
significant reduction in recurrent UTIs [78]. Studies on vaginal microbiome
transplant have shown preliminary evidence for remission of recurrent bac-
terial vaginosis, further validating this area as a potential therapeutic target
[79]. While research on the pediatric urinary microbiome is still growing,
there is data suggesting bacterial dysbiosis in children with recurrent UTI.
Kinneman et al. found differences in both the alpha diversity (number of
different species at a single site) and the beta diversity (differences in species
at multiple sites) in children presenting with UTI when compared to those
without UTI [80], highlighting an investigational difference in bacterial pro-
liferation between these two cohorts.

Clinicians have long sought to prevent renal parenchymal scarring sec-
ondary to urinary infection which can lead to hypertension, proteinuria,
and chronic renal failure. In recent years, it has been proposed that adju-
vant use of corticosteroids in children with pyelonephritis can limit the
development of inflammatory cytokines that lead to renal scarring. The
data has been mixed, with the largest known clinical trial failing to reach
accrual but claiming a non-statistically significant trend towards favora-
bility of adjunctive use of steroids [58]. Smaller investigations have also
boasted a significant decrease in DMSA-proven renal scarring [57, 59].
All three studies were underpowered, but two clinical trials are underway
(NCT04654507, NCT02034851) which hope to shed more light on this
controversial topic.

With the advent of the HPV vaccine in the mid-2000s and now the mul-
titude of vaccines targeting the novel coronavirus, primary prevention has
become an intense topic of research, and UTIs are no exception. Scientists
from Sequoia Sciences Inc. have recently published a phase I, dose escala-
tion trial of a vaccine targeted against a preserved antigen present in E. coli
bacteria [110¢]. The vaccine consists of a protein called FimCH adjuvanted
with a TLR4 agonist. FimCH is a naturally occurring antigen present on
type 1 pili in E. coli. Type I pili are bacterial appendages that help bacteria
bind to oligomannose-containing glycoproteins in human bladders [110¢].
The researchers theorize that patients inoculated with their vaccine will
build a IgG-mediated antibody response to FimCH proteins that will pen-
etrate the mucosal surface of the bladder and prevent recurrent infections
from occurring. The results of the study proved the vaccine to be extremely
well-tolerated, with adverse events limited to mild localized skin reactions,
headaches, nausea, and fatigue. All subjects receiving the four-dose vaccina-
tion schedule were seropositive after 30 days. The cohort of women with
recurrent UTI demonstrated a 150-fold increase in antibodies against FimH
proteins [110¢]. While this is the first study of a FimH vaccine in humans,
prior research has proven its efficacy with a 99% reduction of in vivo E. coli
colonization using murine models [111]. A randomized, phase II, placebo-
controlled trial has been approved.
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Conclusion

Declarations

Pediatric UTI remains a significant source of morbidity in children, espe-
cially uncircumcised males in the first year and females throughout life.
UTI risk calculators, algorithms, and optimized collection techniques will
decrease the rate of false positives and unnecessary antibiotic treatment.
Antibiotic-resistant organisms are increasing rapidly; therefore, antibiotic
stewardship and use of local antibiograms are more important than ever.
Young children with febrile UTI and older children recurrent UTI should
undergo investigational imaging. VCUG is invasive and requires radiation;
however, newer imaging techniques such as CEVUS provide excellent detec-
tion of upper tract disease without the use of radiation. CAP in the setting
of VUR is controversial; children with BBD and high-grade VUR derive the
most benefit. Patients with complex urologic conditions such as SB and
BE require unique approaches to urinary infections. Research into corti-
costeroids, urinary microbiomes, and UTI vaccinations could change how
we treat UTIs and prevent chronic renal insufficiency in high-risk patients.
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