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ABSTRACT

We selected the pediatric urinary tract infection related research and review articles in
English language using keywords or phrases such as Infant; children; culture; Escherichia
coli; fever, UTI.

Aims: The purpose of this review is to provide summary of the latest research in particular
to the practical aspects of management of UTI in children.

Background: Urinary tract infection (UTI) is an important medical entity commonly
diagnosed during early childhood. Prevalence and incidence of UTI varies with age and
gender. UTI can be missed just on history and clinical examination. Screening of UTI in
high risk children is important and should be well balanced against cost and risk of missing
UTI. Despite latest evidence from research there are still controversies in managing UTI in
children.

Conclusion: Despite major advances in management of UTI in neonates and children,
uniform guidelines for the imaging and management of recurrent UTI are lacking, prompting
a multinational large research project to fill in the knowledge gap.
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1. INTRODUCTION

Urinary tract infection (UTI) by definition is the presence of microorganisms in urinary tract
associated with pyuria. UTI remain the most common bacterial infection in childhood [1]. The
cumulative incidence of UTI in children by 6 years of age is 3%—7% in girls and 1%-2% in
boys [1]. Bacteria particularly escherichia coli (E. Coli)-gram negative rods are the most
common cause of UTI, other organisms include viruses, fungi and parasites [1]. Recurrent
urinary tract infections can result in chronic kidney disease and hypertension [2]. Over the
recent years importance of UTI is well recognized and yet the management controversies
are unsettled. This article will provide the latest evidence in the management of UTI in
children.

1.1 Epidemiology and Pathophysiology of UTI

The distribution and pattern of UTI varies with age, gender, ethnicity, circumcision in boys,
and presence of congenital malformations. During neonatal period and early infancy males
are more affected, probably because of anatomical abnormalities and prepuce colonization
[3]. About 8% of girls, and 2% of boys experience at least one episode of UTI up to the age
of 7 [4]. In female infants UTI occurs in 0.1-0.4% and increase up to 1.4% during preschool
age and 0.7-2.3% in school age [5].

Approximately 0.2% of circumcised and 0.7% of uncircumcised male infant are at risk,
which declines to 0.1-0.2 during 1-5 years and 0.04—0.2 in school age [5]. UTI may lead to
transient renal damage in 40% and permanent renal scarring in 5% of patients [6]. Studies
have shown that asymptomatic bacteriuria occurs in 1% in infants, 3% in preschool children,
and 1% in school age children [7]. Screening studies in emergency departments suggest
that up to 5% of children under the age of 2 years presenting with fever have UTI, and over
half of these would have been given alternative diagnoses such as otitis media, had the
urine not been screened as part of the study [8,9].

UTI had a mortality rate as high as 20% in pre-antibiotic era [10]. Long-term complications of
UTI associated with renal scarring include hypertension, chronic renal failure, and toxemia in
pregnancy. Even though long-term follow-up data are limited, yet one study found that
among patients who had renal scarring from pyelonephritis during childhood, 23% developed
hypertension and 10% end-stage renal disease [11]. However, more recent studies question
the association between pyelonephritis and end-stage renal disease [12].

1.2 Pathophysiology

Mutual interaction of both human host and bacterial factors contribute to the occurrence of
UTI. Bacterial factors that have been well studied in this condition include adherence,
growth factors, and features that allow the bacteria to avoid destruction by the human
immune response[13]. In serotypes of E coli frequently isolated in UTI, bacterial adherence
to the uroepithelium is enhanced by adhesins, often fimbriae (pili), which bind to specific
receptors of the uroepithelium [14]. The interaction of fimbriae with the mucosal receptor
triggers internalization of the bacterium into the epithelial cell, which leads to apoptosis,
hyperinfection, and invasion into surrounding epithelial cells or establishment of a bacterial
focus for recurrent UTI [15] The human defense mechanisms involve many components of
the immune system, any of which can vary with genetic background and environmental
exposures [16].
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Some of these components have been studied in the context of urinary tract infection (e.g.,
P1 blood type, Lewis blood type), but findings are inconsistent [17]. Recurrence rate of UTI
varies from 10 and 30% of children and most of these recurrences occur within 12 months of
the primary infection [18,19]. Risk factor(s) for UTI recurrence in children include age less
than 6 months, presence of vesicoureteral reflux, congenital genito-urinary malformations,
and renal damage detected during first episode of UTI, that may be congenital in origin [17].
Other factors, such as dysfunctional voiding, detrusor instability, incomplete bladder
emptying, and constipation, are also believed to be risk factors [20-22]. Studies have shown
that more than 80% of childhood UTlIs are caused by E. coli, 10-15% of UTls are caused by
the other gram-negative organisms like Klebsiella, Enterobacter, Proteus, and
Pseudomonas. Staphylococcus aureus is usually considered a contaminant, but it can cause
illness [23]. Signs that suggest contamination include the absence of symptoms, the recent
manipulation or catheterization of the urinary tract under aseptic conditions, the presence of
epithelial cells or the absence of leukocytes on urine microscopy, the culture of more than
one organism, or a low colony count. Infection with an unusual organism
(e.g.,Pseudomonas) is commonly associated with recurrent infections (frequently tied with
the prolonged use of broad spectrum antibiotics) [24].

It is important to divide UTI into lower urinary tract infection, localized to the bladder and
urethra (cystitis and urethritis) versus upper tract infection of the ureter, collecting system,
and renal parenchyma (pyelonepbhritis). Ascending bacterial infection of the urinary tract is a
complex process that has been associated with bacterial adhesion, virulence, and motility
properties of infecting microbes as well as host anatomic, humoral, and genetic factors [25].
The presence of fever, chills, and flank pain has usually been considered clinical evidence
of upper tract infection. New technologies like technetium 99m-labeled dimercaptosuccinic
acid (DMSA) scans to diagnose upper tract infections have demonstrated a wide range of
estimates (34 to 70%) for the prevalence of pyelonephritis in children with febrile UTI
[26,27,28,29].

1.3 Diagnhosis

Clinically any febrile child, presenting without any fever localizing sign, is likely to have UTI.
Neonates often present with very nonspecific symptoms such as an undifferentiated febrile
illness, irritability, vomiting, or poor feeding, and, less commonly, with late-onset jaundice or
failure to thrive [30]. In infants and todlers the presentation is likely to be also nonspecific,
including fever, diarrhea, or vomiting with dehydration, failure to thrive, abdominal/flank
pain, foul-smelling urine, and new-onset urinary incontinence, but rarely with more specific
urinary symptoms [31]. In cases of serious bacterial infection, signs and symptoms may be
subtle. In the older children symptoms and signs may be more specific to the urinary system,
and include dysuria, foul-smelling urine, urgency, frequency, new-onset urinary incontinence,
or gross hematuria. Systemic symptoms such as fever, abdominal or flank pain, and
vomiting are highly suggestive of pyelonephritis. The physical exam is useful to exclude
other possible causes for the patient's symptoms. It should be completed in infants and
febrile patients.

In older patients, the abdomen and genitalia should be examined, and the costovertebral
angles should be palpated. Palpable bladder or abdominal mass, poor urinary flow, poor
growth, and elevated BP may be seen with obstructive uropathy or chronic kidney disease
and should prompt the clinician to consider abnormalities of the urinary tract [32] .
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1.4 Laboratory Diagnosis

The standard laboratory test for diagnosis of UTI is growth of single uropathogenic bacteria
in a urine culture from a properly collected urine sample. In neonates and young children,

urine is collected by either suprapubic aspiration (SPA) or urinary catheterization to avoid the
contamination from fecal bacteria that colonize the perineal area and distal urethra [33].
When ultrasonographic guidance is used, success rates improve.( 34). Various parents and
clinician think SPA as an invasive method and try to avoid, but tight phimosis or Ibial
adhesions form the absolute indications, yet this procedure do need little expertise as well.
Urine obtained through catheterization for culture has a sensitivity of 95% and a specificity of
99%, compared with that obtained through SPA [35]. Whether the urine is obtained through
catheterization or is voided, the first few drops should be allowed to fall outside the sterile
container, because they may be contaminated by colonized bacteria in the distal urethra.

Cultures of urine specimens collected in a bag applied to the perineum have an
unacceptably high false-positive rate and are valid only when they yield negative results [36,
37]. With a prevalence of UTI of 5% and a high rate of false-positive results (specificity:
63%), a “positive” culture result for urine collected in a bag would be a false-positive result
88% of the time. For febrile boys, with a prevalence of UTI of 2%, the rate of false-positive
results is 95%; for circumcised boys, with a prevalence of UTI of 0.2%, the rate of false-
positive results is 99% [38]. Therefore, in cases in which antimicrobial therapy will be
initiated, catheterization or SPA is required to establish the diagnosis of UTI in infants and
toddlers.

Clean catch midstream urine collection is recommended in children who are toilet trained.
For a prompt diagnosis, urine is examined by dipstick and microscopy. Urine dipstick is an
inexpensive and a readily available technique. The presence of either leukocyte esterase
(LE) and/or nitrite is interpreted as a positive dipstick test [39], whereas blood and protein
are poor indicators of UTI. Urine microscopy is performed to look for the presence of WBC
or bacteria, and its sensitivity and specificity are better with uncentrifuged urine and Gram
staining of the sample. Urine Gram stain for bacteria has a better sensitivity (91%) and
specificity (96%) than all other rapid tests used alone or in combination [39] and can guide
specific therapy in addition of diagnosing UT]I in children.

When uncentrifuged urine is examined microscopically, pyuria is defined by = 10 WBC/mm3
and bacteriuria by the presence of any bacteria per 10 oil immersion field of Gram-stained
smear.

1.5 Imaging Studies in UTI

The diagnosis of UTI often leads to a radiographic evaluation to look for correctable urinary
tract abnormalities that may act as risk factor(s) for UTI. Based on the findings of these
imaging studies, medical or surgical interventions can then be employed to prevent children
from developing future infections or sustaining renal damage. Scarring leading to renal
hypertension, and reflux nephropathy leading to chronic renal disease, occur in 10-20% and
10- 25% of patients respectively [40-42].

Thus, the sequential radiographic workup is critical in determining appropriate therapy. Most
of the time imaging modalities used for this purpose were a renal and bladder
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ultrasonography (RUS) and voiding cystourethrogram (VCUG), followed by
dimercaptosuccinic acid (DMSA) scan [40]. Patients who have initial photon defects or
evidence of parenchymal inflammation are subsequently referred for a VCUG to assess for
reflux in addition to a late DMSA (6-12 months) to assess for permanent scarring [43],
although it cannot differentiate congenital renal dysplasia from the infection induced scarring.

But there is unsettled opinion whether we should go by “bottom up” approach that is starting
from RUS through VCUG to DMSA or the top down” that is starting from DMSA to RUS, as
both of them have their own merits and demerits.However top down approach is better for
research purposes. In “bottom-up” approach, method relies on renal-bladder ultrasound
(RUS) to identify anatomic irregularities, obstruction at various places, renal anomalies,
abscesses, stones, tumors, and dilations [44] The VCUG targets lower urinary tract
abnormalities and detects vesicoureteral reflux (VUR [44]. Patients diagnosed with reflux or
parenchymal deformity may undergo a DMSA scan at a later date to assess for scarring.
Alternatively, the “top-down” approach targets the kidney at the outset with a DMSA scan to
diagnose acute renal parenchymal involvement at the time of the febrile UTI [44].

Now it can be assumed reliably, that radiographic evaluation of children with febrile UTIs to
identify clinically significant vesicoureteric reflux or renal parenchymal involvement, is that,
it demands for solid evidence-based medicine, and puts forward the need for individualized
therapy rather than a blanket recommendation regarding the workup and treatment of febrile
UTI [44] . Latest imaging modalities include, Magnetic resonance urography (MRU) which
can provide both anatomic and functional data in one study. Due to the improved spatial and
contrast resolution, congenital renal dysplasia can be differentiated from acquired renal
damage on MRU [45].

Another magnetic resonance imaging technique has been developed to perform interactive
voiding cystourethrography (iMRVC), which involves using a pulse sequence and rapid
switching between views to permit prolonged dynamic imaging of the urinary tract [46]. Both
MRU and iMRVC offer exquisite anatomic detail in conjunction with dynamic, functional
information without the need for radiation. These tests are expensive to administer, require
sophisticated processing techniques, and may require sedation in younger patient
populations.

1.6 Immediate Treatment

Neonates with UTI require intravenous antibiotics, because there is an approximately 10%
risk of concomitant bacteremia [47,48] and a significant chance of finding uropathology (e.g.,
posterior urethral valves, obstructed duplex systems, highgrade vesicoureteric reflux [49].
The most likely pathogens in this age group are E. coli and Enterococcus faecalis, which
require empiric treatment with a B-lactam antibiotic and an aminoglycoside. Usually
intravenous treatment is continued until systemic signs have resolved, at which time an oral
antibiotic should be given for a total of 7 to 10 days [49]. Treatment choices for children who
are more than 2 month old to 2 years has been revised by 2011-AAP guidelines, according
to which systematically ill children should be started with IV antibiotics after taking the urine
sample for culture and sensitivity and treatment can be revised after the results of antibiotic
sensitivity, and oral antibiotic are given once the patient is able to tolerate the orals and
responds to IV treatment [38].

Those who are not systemically ill, should get the urine tested and or urine sent for culture,
with close watch till the reports come, for the further management (38). There is good
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evidence that oral antibiotics are effective treatment for acute pyelonephritis [38].
Intravenous therapy can be limited to children presenting as seriously unwell or with
persistent vomiting. Failure rates of oral antibiotics as first-line treatment for children with
acute pyelonephritis are less than 5%. The optimal duration of oral antibiotics for acute
pyelonephritis is poorly supported by trial evidence. In clinical practice, treatment duration
between 7 and 14 days of oral antibiotics is usual. Acute treatment options for children with
cystitis is of 3-4 day duration, well supported by large evidence [50].

The choice of empirical treatment depends on type of organisms involved, sensitivity and
local resistance patterns. As per the North American Urinary Tract Infection Collaborative
Trial report published in 2006 reported, 37.8% E. coli are resistance to 3-lactam antibiotics
and 21 are% E. coli are resistance to trimethoprim—sulfamethoxazol (51), However, E. coli
remains largely sensitive to third generation cephalosporins (ceftriaxone, cefixime),
aminoglycosides, and nitrofurantoin [51,52].

In neonates the most likely pathogens are E. coli and E. faecalis, which require therapy with
a B-lactam antibiotic and an aminoglycoside. For pyelonephritis, orally administered
antibiotics are second and third-generation cephalosporins. Alternatively, amoxicillin—
clavulanate, trimethoprim—sulfamethoxazole (TMP-SMX), and first-generation
cephalosporins can be used with caution due to increasing resistance of E. coli [52].
Fluoroquinolones (ciprofloxacin) are effective for E. coli but should not be used as first-line
agents due to their safety concerns in children [52]. Parenteral therapy with third- or fourth-
generation cephalosporins and aminoglycosides are appropriate for empiric treatment.
When enterococcal UTI is suspected (associated with urinary catheter, instrumentation of
the urinary bladder, or genitourinary abnormalities), ampicillin should be included in
treatment options. Gentamicin can be used parenterally as an adjunctive treatment in
resistant organisms after knowing the renal functions [53].

1.7 Surgical Management of UTI

With the improvement in techniques and introduction of endoscopic regimens, surgical
correction is becoming more acceptable to parents. Most surgical modalities are associated
with a very high potential for the correction of VUR [54]. However, the final report of the
International Reflux Study indicated that at 10-year follow up there was little difference in
renal scarring between the medical and surgical groups [54]. But, there was a lower
incidence of febrile infections in those children who had surgical correction as compared to
those in the medical arm. Options for surgical management include endoscopic,
laparoscopic, robotic and open procedures [54]. With the in introduction of the approved
injectable agent dextranomer/hyaluronidase [55], acceptance rate of endoscopic treatment
for management of VUR has risen.

1.8 Prevention of Recurrent Urinary Tract Infection

Role of dysfunctional elimination syndrome is long being debated as a potential cause of
recurrent UTI [56] Many clinicians advocate treating constipation, ensuring complete bladder
emptying and good fluid intake, avoiding local irritation from underclothes and cleanliness.
Snodgrass and RIVUR study [56,57] noted a significant correlation between recurrence of
UTIs and the presence of voiding dysfunction. Maintaining good hygiene, wiping females
from front to back during diaper changes or after using the toilet in older girls, while in
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uncircumcised males, mild and gentle traction of the foreskin helps to expose the urethral
opening, and keeping it clean regularly helps to reduce the UTI.
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