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Abstract
Urinary tract infection (UTI) in childhood is very
common and has been the subject of numerous original
and review articles. There have been many guidelines and
protocols produced for the investigation and treatment
of UTI. In spite of intensive study some aspects of management are still controversial. The subject is made more
difficult by the fact that several different generalists and
specialists from different disciplines involved in the management may have different viewpoints.
In this article, the best practice management of
urinary tract infection categorized according to different
age groups is reviewed. The clinical, laboratory, imaging
assessments and treatment modalities for each age group
are described.
Introduction
Urinary tract infection (UTI) is the most common bacterial infection affecting mankind, and it is the second most
common bacterial infection in pediatric age group. It may
cause serious acute illness and at times long-term serious
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Learning Objectives
After completion of this article, the reader should
be able to:
1. Diagnose urinary tract infections.
2. Determine the best practice management of
UTIs for different age groups.
3. Manage treatment modalities for each age
group.

complications such as renal scaring, hypertension and renal failure. The appropriate management of UTI at different pediatric age groups requires consideration of many
factors including clinical presentations, method of diagnosis and therapeutic approach with the aim of prevention
of serous sequels. In this review, attempts have been made
to produce an acceptable and easily administered management plan for different pediatric age groups. Emphasis has
been placed on the clinical presentation, proper methods
of urine collection and the most relevant investigations in
each age group. Not uncommonly, childhood UTI is frequently misdiagnosed at both end of the spectrum; missed
when present, or diagnosed on unreliable evidence.
The term “Urinary Tract Infection” denotes infection within the urinary system. This includes the parenchyma of the kidney called “Acute pyelonephritis” which
is usually associated with fever and flank pain, as well as
the infection of the urinary bladder referred to as “acute
cystitis” or lower UTI, with localized clinical symptoms
such as urgency, frequency and dysuria.1
UTI can predispose children, more so the infants
and younger children, to acute renal injury2 with an inInternational Pediatrics/Vol. 22/No. 3/2007
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creased risk of high blood pressure and chronic renal failure later in life.3 The morbidity of urinary tract infection in
the pediatric population is high and can affect up to 10%
of children.4
Urinary tract infection affects females more often
than males in children and adults5,6 with a female to male
ratio of 3:1. However, in the neonatal period and early infancy this is reversed with male being 75-80% of the affected infants5,6
The signs and symptoms of UTI can vary considerably in different pediatric age groups. Also there is variation in the underlying anatomical abnormality responsible
for the infection at different ages. Therefore the element
of age in mind the management of the UTI is classified as
follows:
1. Early neonatal period (≤ 72 hours of age)
2. Late neonatal period up to 2 months
(≤ 72 hours – 8 weeks)
3. Two months to two years
4. Two years to five years
5. Five years and above
The clinical presentation, mode of diagnosis, appropriate investigations, treatment with short and long
term follow up as well as the need for further studies will
be covered when each of the above mentioned groups is
being discussed.
A. Early neonatal period (≤ 72 hours of age)
Incidence and Manifestations:
The incidence of UTI is lower in the first 72 hours
than after 72 hours of life. In the first 72 hours of life 90%
of the UTIs are accompanied by bacteremia, suggesting
the presence of disseminated sepsis. In the newborn, UTI
is found in about 0.7% of normal term infants7 and 2.2%
to 3.4% of premature, postmature and high-risk infants.8,9
The symptoms and signs of UTI are non-specific and will
be no different from that of septicemia or meningitis. 5,6,10
Newborns with UTI may present with diarrhea,
vomiting, abdominal distention, and refusal of feeding,
with or without lethargy, hypothermia, fever, metabolic
acidosis, dehydration, and jaundice.11 However jaundice
is only present in <20% of infants with UTI.12
The medical condition of the mother at the time of
the delivery can be an important risk factor for the development of pyelonephritis as a part of sepsis in the newborn
infant. These conditions include: prolonged rupture of the
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amniotic membranes over 18 hours, uterine tenderness,
premature labor, UTI of the mother at the time of labor, or
near term, fever, and positive vaginal culture for group B
hemolytic streptococci. 13
Diagnosis:
Definite diagnosis of early neonatal UTI is only
made by culture of a properly collected urine sample. It
is universally accepted that cultures of urine samples collected by bag are inappropriate.14,15 Properly catheterized
urine samples are considered suitable for culture by some,
16
while others consider reliability of catheterized urine no
better than bag urine, with possibility of iatrogenic infection with catheterization.17 Appropriate method of obtaining urine for culture in a neonate is suprapubic bladder
aspiration (SPA) under sterile technique.2,14,16,18
Any growth from a bladder aspirate, even a single colony, is considered positive, while a count of 103
or higher from catheterized urine sample is indicative of
UTI.16
Urine sample obtained need to be sent for immediate culture, or refrigerated over night, but must not be
frozen.19
Bacteriology:
Escherichia coli is responsible for the majority (67%) of UTI in the newborn, followed by Klebsiella
pneumoniae (21%) and Proteus mirabilis (2%).8 The same
microorganism responsible for the UTI is usually cultured
from blood and vice-versa.
Factors predisposing the newborn to UTI:
Congenital malformations of the urinary tract are
the most important predisposing factors in the pathogenesis of UTI in the newborn.20 These malformations include
vesicoureteric reflux (VUR), ureterocele, and obstructive
uropathies such as ureteropelvic junction (UPJ) obstruction, ureterovesicular (VUJ) obstruction, and posterior
urethral valve (PUV).8,21,22
Vesicoureteric reflux (VUR):
Vesicoureteric reflux affects up to 0.5% of all normal newborns.23 Most of these refluxes are of low grade
I or II and will disappear spontaneously by the end of the
first year of life.24 The competence of the VUJ could be affected transiently if the patient has UTI. However whether
the reflux is primary or secondary, it will become signifi-
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cant if there is pyelonephritis, as this will put the kidney
more at the risk of damage and scarring.25
International Reflux Study Committee23 grades the VUR
into five grades as follows (Figure 1):
Grade l Urine refluxes to the ureter only.
Grade ll Urine refluxes into the ureter, renal pelvis and
calyceal fornices
Grade lll Urine refluxes into the ureter, renal pelvis and
calyces with mild to moderate dilatation and/or tortuosity
of the ureter and mild to moderate dilatation of the renal
pelvis, with only slight or no blunting of the fornices.
Grade lV Urine refluxes into the ureter, renal pelvis and
calyces with moderate dilatation and/or tortuosity of the
ureter, and moderate dilatation of the pelvis and calyces.
There is complete obliteration of the sharp angles of the
fornices but the papillary impression in the majority of the
calyces is maintained.
Grade V Urine refluxes into the ureter, renal pelvis and
calyces with gross dilatation and tortuosity of the ureter,
pelvis and calyces. The papillary impressions are no longer visible in the majority of the calyces.
Obstructive Uropathies:
A poor urinary stream and a distended bladder in a newborn male with or without a UTI is suggestive of urinary
tract obstruction. UPJ obstruction may be seen as dilatation
of renal pelvis in prenatal ultrasound. There may also be
unilateral or bilateral obstruction at the level of VUJ. Such
an obstruction may cause unilateral or bilateral dilatation,
tortuosity of the ureter or ureters in conjunction with hydronephrosis. Such an obstruction may also be identified
in prenatal ultrasound. PUV is the most common cause of
obstructive uropathies in the male neonate, and may present with poor urinary stream. Hypertrophy of the bladder
neck as well as the detrusor muscle may result second-

Figure 1: Grades of the Vesicoureteric reflux

ary to obstruction at the level of the PUV. Thickening of
the bladder wall will result in either obstruction or allow
reflux at the level of the ureteropelvic junction. The increased pressure in the pelvicalyceal system may further
cause hydronephrosis and as well as “intrarenal reflux”.
This may further cause rupture at the fornix and extravasation of the urine into the perirenal space and produce
an urinoma. Extravasation of the urine into the peritoneal
cavity (urinary ascites) may then follow. Also urine may
pass via the mediastinum into the chest producing urothorax. Another uncommon complication of PUV is oligohydramnios. Prune belly syndrome is also associated with
poor urine stream and distended bladder as well as possible hydroureter and hydronephrosis. In the female infant
the commonest obstructive lesion of lower urinary tract is
an ectopic ureterocele.20
Imaging investigations:
All newborns with proven UTI need to have imaging reviews and investigations with the following sequence:
1. Review the prenatal ultrasounds of the fetus before delivery and identify any abnormalities related to the kidney
and urinary tract.26-28 This can be useful in identifying any
possible existing anomalies of the urinary system.
2. Renal ultrasound is the first imaging modality to be
performed after diagnosis of a first UTI. This noninvasive
procedure can demonstrate most of the anatomical abnormalities of urinary tract.2 The ultrasonogram is normally
obtained within the first 48 hours of the diagnosis of UTI
if the condition of the infant allows this.29,30 However ultrasonography is believed not to be sensitive enough to
detect the presence of hydronephrosis, hydroureter, VUR
and renal scarring.31
3. Newborns with established UTI will need to have a micturation cysto-urethrogram (MCU).16 In general VUR is
the commonest abnormality that is detected by this procedure, and is observed in about 50% of newborns with
UTI. Grading of the reflux will be a guide for the next
line of the investigation as well as for management.32 It is
also important to evaluate the shape and the anatomy of
the bladder as well as the presence of posterior urethral
valve in boys. The best time of doing a MCU or voiding
cystourethrogram (VCUG) is debatable. A retrospective
case review showed no difference in the rate of detection
of VUR whether the VCUG was performed early (within
the first 7 days of diagnosis) rather than later.33 However
a delay may not be justified in the presence of grade 1VV reflux or major obstructive uropathies such as PUV.32,33
International Pediatrics/Vol. 22/No. 3/2007
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Therefore VCUG should be performed at the earliest convenience. Infants undergoing this procedure should be under antibiotic coverage during and for a few days after the
procedure as the process of catheterization may introduce
infection.
4. Isotope renal scanning using 99mTechnetium-dimercaptosuccinic acid (DMSA) is recommended to be performed early to identify any residual parenchymal damage.34,35 Such an early study may also be used to identify
the presence of pyelonephritis if there was any difficulty in
establishing the diagnosis.29,34,35
B. Laboratory investigations:
Laboratory investigations would include CBC, C
reactive protein (CRP), electrolytes, blood urea nitrogen
(BUN), serum creatinine, urine culture, blood culture and
possible cerebrospinal fluid culture if required as part of
the sepsis work up. The level of serum creatinine in the
first few days of life will reflect the maternal serum creatinine levels rather than that of infant.
Treatment
The treatment of UTI in the neonatal period is
the same as that for early neonatal septicemia. This will
include a combination of ampicillin and an aminoglycoside administered intravenously. It is recommended that
the combined antibiotics be changed to a single one in
accordance with the sensitivity as soon as possible, and
the route of administration from intravenous to oral when
the clinical condition of the patient permits such a change.
The recommended duration of antibiotic therapy parenteral and oral combined is 14 days.
B. Late neonatal period and up to 8 weeks (≤ 72 hours
– 8 weeks)
Incidence and Manifestations:
The incidence of UTI in infants younger than 8
weeks of age who are febrile is around 7.5%.36 Only 6% of
these infants will have bacteremia.36 About 80% neonates
younger than one month of age with UTI will be febrile
on presentation, 20% may have poor feeding while 33%
may demonstrate irritability.36 About 84% of neonates
with positive urine culture also have pyuria.37 Up to 50%
of UTI in neonates may be missed if diagnosis is based on
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the criterion of urinalysis alone showing >10 WBC/HPF
in unspun urine.38
Two thirds of the patients with UTI in this age
group are males. Uncircumcised males are said to be more
at risk of UTI.39,40 However the American Academy of Pediatrics does not find sufficient data to recommend routine
neonatal circumcision.41 The subject of circumcision will
be discussed separately below.
Diagnosis:
The definite diagnosis is based on positive culture
of a properly collected urine sample for microorganism.
Urine collection by suprapubic bladder aspiration (SPA) is
the recommended method in this age group.
Bacteriology:
Escherichia coli is the commonest (90-91%) organisms
causing UTI in this age group, followed by Klebsiella
(6%) and Enterococcus (3%).36
Predisposing factors:
a)
Congenital anomalies of the urinary tract are still
the most important predisposing factors for UTI in this age
group.
b) Circumcision:
Many studies in the past two decades have addressed the
association of UTI and male circumcision in the first year
of life.41-43 Almost all the studies have shown a 4-10 fold
increased risk of UTI in uncircumcised compared to circumcised male infants. However, few of these studies have
addressed the potential confounders such as prematurity,
method of urine collection, breastfeeding and definition
of UTI in an analytical way with respect to circumcision.
Premature infants are at higher risk for UTI.44-46 Also premature infants are not usually circumcised because of their
risky health status. Therefore the inclusion of hospitalized
premature infants, will introduce a confounder.44-46 Breastfeeding has three fold protective effect against developing
UTI in a population of uncircumcised infants.47 However,
studies assessing the relationship of UTI to circumcision
had not included the effect of breastfeeding.
The absolute risk of developing UTI in uncircumcised male infants is at around 1%. The complication rate
of circumcision is 0.2-0.6%, with the most frequent complication being bleeding followed by infection, phimosis
and meatal stenosis.48,49 Infants with hypospadias should
not be circumcised prior to correction of the hypospadias.

CME Article
Urinary Tract Infection in Different Pediatric Age Groups

Some medical societies do not recommend routine circumcision of male infants.50-52
Investigations:
Investigative work for established UTI in this age
group is almost the same as that mentioned for early neonatal period. This includes all the imaging modalities and
the necessary initial laboratory work up.
Treatment:
The treatment of choice for UTI in this age group
will be parenteral administration of an aminoglycoside in
conjunction with a third-generation cephalosporin or ampicillin.1 Combination of a third-generation cephalosporin
(Cefotaxime) with ampicillin has been used.37 Parenteral
antibiotic therapies should be continued until the clinical condition of the patient improves when a switch can
be made to a single oral antibiotic in accordance with the
sensitivity. The total duration of therapy is suggested to be
7-14 days.
Current antibiotics that have been recommended for oral
use are as follows:2
1. Cefixime 8 mg/kg /day in two divided doses
2. Cefpodoxime 10 mg/kg/day in two divided doses
3. Cefprozil 30 mg/kg/day in two divided doses
4. Cephalexin 50-100 mg/kg/day in four divided doses
5. Trimethoprim (TMP) 6-12 mg, in combination with sulfamethoxazole (SMX) 30-60 mg/kg /day in two divided
doses
6. Sulfisoxazole 120-150 mg/kg/day in four divided doses
7. Amoxicillin 20-40 mg/kg/day in three divided doses
8. Loracarbef 15-30 mg/kg/day in two divided doses
C. Two months to two years
Incidence and manifestations:
Unexplained fever in this age group would strongly suggest the presence of UTI2 Below the age of one-year,
infection rate of UTI in girls is twice that of the boys. Between age of one and two the prevalence of UTI is 8.1% in
girls, and 1.9% in boys, with female to male ratio of 4 to 1.
10,53

Diagnosis:
To establish the diagnosis of UTI in this age
group, a strategy should be based upon minimizing the
risk of false positive and false negative urine culture results. Urine sample obtained by SPA is the method of
choice. Next best to SPA is the urine sample collected by

transurethral bladder catheterization, which has a sensitivity of 95% and specificity of 99% when compared to SPA
sample.54 However, there is a chance of introduction of
infection by transurethral catheterization. Urine samples
collected by urine bag for culture have a very high falsepositive rate around 85%.2
Bacteriology:
Escherichia coli is the predominant microorganism causing UTI (80-85%). Klebsiella, enterococcus
and proteus mirabilis account for the other 15%. Proteus
mirabilis need special attention, as these bacteria can be
grown from preputial sac in boys,55 and are important microorganisms causing UTI in this sex. Proteus mirabilis
produces urease, which splits urea into ammonia resulting
in alkaline urine. Alkaline urine will decrease the solubility of ions, in the urine. These ions include calcium, magnesium, and phosphate, which then precipitate and form
triple phosphate stones.
Predisposing factors:
Urinary tract infection in this age group has a high
incidence of being associated with abnormalities of the
urinary tract.
Imaging Investigations:
In a patient with established UTI in this age group,
it is recommended to use different imaging modalities to
identify the underlying anatomical abnormalities, which
may predispose the patient to renal damage. Sequence of
utilization of imaging modalities, is similar to the recommendation made for the previous age group.
Laboratory investigations:
In addition to the urine culture, laboratory investigations
will include: CBC, ESR, CRP, electrolytes, BUN, serum
creatinine as well as blood culture.
Treatment:
In an infant of two months to two years of age
who is febrile and sick without obvious focus, it will be
essential to obtain a urine sample by SPA or transurethral
catheterization for culture and to start immediate antibiotic therapy. The choice of antibiotic will be the parenteral
cephalosporin. There are clinical as well as experimental
data that support the fact that delay in antimicrobial therapy may increase the risk of renal damage.56,57
Repeated UTI increases the risk of kidney damage.58,59 Repeat UTI with a new microorganism is labeled
International Pediatrics/Vol. 22/No. 3/2007
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“Recurrent UTI” On the other hand repeat infection with
the same bacteria is classified as having “relapsed UTI”.59
The clinical condition of the majority of the patients on parenteral antibiotics will improve after two
days; the route of administration then can be changed to
oral to complete 14 days of treatment.
D. Two years to five years
Incidence and manifestations:
Unexplained fever in this age group may suggest UTI especially if the focus of infection is not evident
on physical examination. However, fever may not be the
dominant presenting clinical feature as it was in younger
infants. With cystitis the common manifestation will include symptoms such as dysuria, urgency and frequency,
localized suprapubic pain and hematuria. Dysuria alone
can also be due to pinworm infestation, vaginitis and urethritis.1 Another important clinical feature of UTI in this
age group is daytime or nighttime urinary incontinence,
which is more common in girls.60 Upper urinary tract infection may also present with flank pain, fever with chills,
and costovertebral pain. Microscopic hematuria has been
reported in 26% of patients having UTI, more frequent in
boys (43%) than in girls (9%).61 In another study, 25% of
children being investigated for gross hematuria had UTI.62
Another rare but important manifestation of UTI in this
age group and in older children is acute renal failure,63,64
which may need dialysis. Association of kidney stone with
UTI may suggest recurrent UTI with Proteus species.
Diagnosis:
Diagnosis is established by having positive microorganism growth in the urine culture. Most of the children at
this age group are either toilet trained or will pass urine
on demand with satisfactory bladder control; therefore a
urine sample obtained by clean catch midstream method
will be used more often for culture. Colony count (pure
culture) of >104 per milliliter of urine obtained by clean
catch for culture in boys, and ≥ 105 per milliliter in girls is
highly suggestive of infection.
An early morning urine sample can also be tested
for presence of bacteria and infection using leukocyte esterase or nitrite tests. The sensitivity of leukocyte esterase
test is 83% with range of (67-94%) and a specificity of
78% with the range of (64-92%). The nitrite test has a sensitivity of 53%, range (15-82%); and a specificity of 98%,
range (90-100%).2
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An alternative method to culturing urine is dipslide best
applicable to the office setting, with sensitivity range of
87% to 100%, and specificity, 92% to 98%.65
Bacteriology:
Majority of the urinary tract infections in this age
group are due to the bacteria, which exist as the normal
flora of the bowel of the patient. These bacteria will colonize the periurethral tissues and enter the urinary tract
through the urethra66 Escherichia coli comprise about
90% of infections in girls, and 45% in boys, while Proteus mirabilis infection in girls is only 5% and up to 45%
in boys.67 Only a small percentage of UTI (3.5%) is due
to coagulase-negative Staphylococcus.68,69 Other bacteria
such as Klebsiella, and other organisms are rarely causative agents of UTI in this age group.
Investigations:
The search for a possible underlying cause for the
UTI is of utmost importance in this age group. As in previous group early ultrasound study of genitourinary system with full bladder will help to identify many of the
gross anatomical abnormalities. Isotope scanning with
99mTechnetium-dimercaptosuccinic acid (DMSA) will
define the presence of any renal scaring.
The presence of the renal scar and/or repeated urinary tract infection with no apparent anatomical defect of
the urinary system indicates a careful evaluation of bladder function. The subject of bladder function will be discussed in more detail below.
Laboratory investigations:
Laboratory investigation in this age group is the
same as for the preceding age group. The presence of high
blood pressure with scars of the renal parenchyma will
require additional laboratory investigation, measuring the
levels of renin and aldosterone.
Treatment:
Guidelines for therapy put forward for the previous age group need to be followed in this age group as
well.2,56,59
Hypertension in association with high renin and
aldosterone values, which may be the result of renal scarring, is usually treated with angiotensin converting enzyme
inhibitors (ACEI) or angiotensin II receptor blockers.
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E. Five years and above:
Incidence and manifestation:
The overall incidence of UTI in this age group is
1.7 per 1000 in boys and 3.1 per 1000 in girls.69 It has
been estimated that 5%-6% of schoolgirls between the age
of 5 and 18 years will experience at least one episode of
UTI.70
The clinical presentation of UTI in this age group
can be remarkably variable ranging from dysuria or frequency to a full-blown picture of acute pyelonephritis
with flank rigors, high fever and exquisite loin pain and
to asymptomatic bacteruria. On occasions bacteremia will
complicate the course of symptomatic pyelonephritis. The
more serious complications of such bacteremia may include the symptoms of gram-negative sepsis such as shock,
disseminated intravascular coagulopathies or both.70
Incidence of hospital acquired UTI (nosocomial)
is about 14.2 per 1000 hospital admissions in the pediatric
age group.71 The presence of a foreign body such as an
indwelling urinary catheter in the urinary system increases
the risk of development of nosocomial UTI by 5%-10%
per day.72,73 About 2-4% of patients with nosocomial UTI
will develop gram-negative sepsis.74,75
The term “asymptomatic bacteriuria” (ABU)
is defined as having significant bacterial presence in the
urine without any clinical symptoms related to the urinary
tract. Asymptomatic bacteriuria is common to school-age
girls with an incidence of about 1%76-78 compared to 0.040.14%, in schoolboys.79
Diagnosis:
When the clinical investigation of the patient is
suggestive of UTI, then the strategy for establishing the
diagnosis will be the same as that already discussed for the
previous age group of 3 to 5 years.
Bacteriology:
The bacteriology of the urinary tract infection in
this age group is more or less the same as for the 3-5 year
age group. In addition there may be repeated UTI in sexually active female teenagers due to Chlamydia trachomatis.70
Clinical, Imaging and laboratory investigations:
The aim of clinical evaluation, imaging, and laboratory investigations in this age group will be to elaborate
on the following:

a) Any pre-existing anatomical abnormality of the urinary system, such as VUR or obstructive uropathies.
b) Presence of “intrarenal reflux”.80,81 Intrarenal reflux
plays an important role in the pathogenesis of pyelonephritic scar formation,82,83 and is usually seen in association with the higher grades of VUR.
c) Documentation of any abnormal bladder function
such as detrusor instability, hyperactive bladder sphincter, neurogenic bladder and non-neurogenic neurogenic
bladder.
d) Identify any structural abnormality of the spine such
as spina bifida, sacral agenesis and meningomyelocele,
which may precipitate abnormal bladder nerve innervation resulting in abnormal bladder function.
e) Identify any defect or absence of abdominal muscles,
which is usually associated with hydroureter and hydronephrosis.
f) Presence of chronic constipation, which is an important factor in initiation of UTI as well as urinary incontinence in children.84
g) Identify the existence of congenital megacolon, which
can co-exist with abnormal nerve innervations of urinary
system and hence be the underlying cause of UTI.
h) Identify any pre-existing elements of renal scaring using isotope scanning. Long-term follow up of schoolgirls
with history of bacteriuria and renal scarring has clearly
shown a three-fold increase risk of hypertension in their
adulthood, and greater than seven-fold risk of preeclampsia when they become pregnant.85
i) Identify any abnormal renal function such as defective
urinary concentration or proteinuria due to existing UTI
from that of preexisting renal damage or failure.
j) Identify any unusual bacteriological agent causing infection, which could be the result of any defect or abnormality of the anatomy of the urinary system, as well as
the social and/or sexual life of the patient.
Treatment:
The treatment of full-blown pyelonephritis in
this age group is similar to that already discussed for the
previous two age groups.
In the case of Chlamydia trachomatis infection,
the sexual partner of the patient will also need treatment
so as to avoid reinfection.70
Treatment of nosocomial urinary tract infection,
which is usually related to indwelling urinary catheters,
is more complex. All efforts must be made to avoid setInternational Pediatrics/Vol. 22/No. 3/2007
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ting infection in catheterized patients by observing strict
sterility for catheterization, and use of a close drainage system. The appearance of chills, fever and other
signs and symptoms of septicemia in a patient with an
indwelling catheter requires immediate initiation of antimicrobial therapy after taking proper urine culture.
Such an event is common if the urinary catheter is totally or partially obstructed. In an asymptomatic patient
who has a urinary catheter and bacteruria, no therapy is
indicated.71-75
Management of asymptomatic bacteriuria
(ABU) has remained controversial for a long time. 81
However, it has now been shown that treatment of ABU
will have no affect on the long-term recurrence or eradication rate.86,87 Renal function of children with ABU
will remain intact if there was no underlying urologic
abnormalities or renal scars.88,89 Based on this observation, the current recommendation is that children with
ABU should not be treated with antibiotics and further
more there is no need for routine screening of children
for ABU.86-89
Indication for the use of long-term prophylactic antimicrobial therapy:
Prevention of renal tissue damage identified, as
renal scars, or reduction of renal tissue mass, as well
as the appearance of new scars, comprise a very important axis of treatment of urinary tract infection in
children. Recurrence of UTI in children in combination
with a high grade VUR has been advocated to be a major contributor to formation of renal scars as well as to
the progression of previously existing scars and hence,
reduction of renal mass. Medical management of these
patients with long-term low dose antimicrobial as a preventive measure of recurrence of UTI has been studied
and compared to the surgical correction of reflux.90,91
There was no evidence that surgical intervention for
correction of VUR improved the outcome for renal
function on long-term follow up.90,91 Surgical correction of reflux of high grades should be reserved for the
patient who does not respond to medical management
over a period of 2-4 years.70 The conservative medical
treatment of most of reflux grades I-III is satisfactory;
while such management is less successful in grade IV
and V, and therefore these high-grade refluxes may need
surgical intervention if there is no detrusor instability.
92
Long-term continuous prophylaxis prevents formation of new scars in high-grade refluxes.93 However,
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the incidence of pyelonephritis was higher in medically
treated patients (21%) than in the surgical group (10%).
94

Scars are usually formed or progress before the
age of five. Therefore long-term prophylactic antibiotic
therapy is recommended for children under the age of
five years with high-grade reflux or preexisting renal
scar. The current recommended antimicrobials used as
chemoprophylactic agents are:2
1. Trimethoprim (TMP) in combination with sulfamethoxazole (SMX), 2 mg of TMP, 10 mg of SMX / kg
as a single dose at bed time, or 5 mg TMP, 25 mg SMX
/ kg twice per week
2. Nitrofurantoin, 1-2 mg per kg as a single daily dose
3. Sulfisoxazole, 10-20 mg per kg in two divided doses
4. Nalidixic acid, 30 mg per kg in two divided doses
5. Methenamine mandelate, 75 mg per kg in two divided doses
Low dose of cefixime (2 mg/kg body weight)
has also been used successfully in long- term prophylaxis and is well tolerated.95 However such a therapy
should only be used as an alternative to the standard
regimens.
Voiding dysfunctions in pediatrics:
Functional urinary incontinence may be the result of filling phase, the voiding phase or a combination of both phases of the urinary bladder.96 Detrusor
overactivity is more common in girls and may cause
frequency and urgency with or without incontinence.
Children with detrusor instability who use different
posturing maneuvers in order to avoid urinary incontinence have a greater incidence of UTI than those who
do not obstruct the urinary flow.97 Constipation is one of
the most important causes of detrusor instability. On the
other hand lazy bladder occurs with no detrusor contractions resulting in post-void residual urine volume
and overflow urinary incontinence.96 Lazy bladder carries a greater risk for UTI than the detrusor instability.97
The first line of assessment of children with voiding
disorder should include history, clinical examination,
voiding diary, ultrasonography and uroflowmetry.98
Urodynamic studies is the most reliable method of examination of voiding disfunction. However such a study
is considered a rather invasive tool, and should be reserved for the patients who have not responded to initial
treatment.99
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QUESTIONS
1. Surgical reimplantation of ureters is to be considered for cases of vesicoureteric reflux in cases in which
A. High grades reflux does not respond to medical management over a period of 2-4 years
B. Recurrent asymptomatic infection occurs despite prophylaxis
C. There is associated renal scarring
D. The patient is under 2 years of age
E. The patient is hypertensive
2. Which of the following investigations is not recommended for newborns with proven UTI?
A. An ultrasound of the genitourinary system
B. KUB in the first 48 hours after diagnosis of UTI
C. Micturating (voiding) cysto-urethrogram (VCUG)
D. Review the prenatal ultrasounds
E. Isotope renal scanning using 99mTechnetium-dimercaptosuccinic acid (DMSA)
3. All of the following statements are correct except:
A. Vesicoureteric reflux affects up to 0.5% of all normal newborns.
B. Up to 30% of UTI in neonates may be missed if diagnosis is based on the criterion of urinalysis alone showing
>10 WBC/HPF in unspun urine.
C. The absolute risk of developing UTI in uncircumcised male infants is about 1%.
D. Below the age of 1 year, the infection rate of UTI in girls is twice that of the boys.
E. In an infant 2 months to 2 years of age, repeated UTI increases the risk of kidney damage.
4. All of the following statements are correct in UTI in children Two years to five years of age except:
A. Microscopic hematuria has been reported in 26% of patients having UTI, more frequently in girls (43%) than in
boys (9%).
B. The presence of the renal scar and/or repeated urinary tract infection with no apparent anatomical defect of
the urinary system indicates a careful evaluation of bladder function.
C. Proteus mirabilis infection is only 5% in girls and up to 45% in boys.
D. The nitrite test to identify bacterial infection has a sensitivity of 53% and a specificity of 98%.
E. Association of kidney stone with UTI may suggest recurrent UTI with proteus species.
5. Which of the following statement is correct?
A. About 15% to 20% of schoolgirls between the age of 5 and 18 years will experience at least one episode of
UTI.
B. Incidence of hospital-acquired UTI (nosocomial) is about 14.2 per 10,000 hospital admissions in the pediatric
age group.
C. Asymptomatic bacteriuria is common to school-age girls with an incidence of about 1%, compared to 0.04% to
0.14%, in schoolboys
D. Long-term follow up of schoolgirls with history of bacteriuria and renal scarring has shown a 10-fold increase
risk of hypertension in their adulthood.
E. Detrusor overactivity is more common in boys and may cause frequency and urgency with or without inconti
nence.
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