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Case Vignette
A 10-day-old male infant born to G1PI
mother at 35 weeks gestation (birth weight
1.93 kg) by cesarean section for non-reassur-
ing heart tones is transferred from an outside
hospital for the management of suspected sep-
sis. He had been inpatient at the outside facil-
ity for the management of hyperbilirubinemia
and issues related with feeding. On the day of
transfer, he had developed temperature insta-
bility and abdominal distension that was ten-
der to touch. He had not been circumcised yet.
Initial laboratory evaluation revealed:
hemoglobin 11.4 g/dL, WBC count 9,000,
and platelet count 54,000/mm?. Serum chem-
istries revealed normal electrolytes and cre-
atinine of 0.4 mg/dL. Spinal tap resulted in
clear CSF under normal pressure, 14 cells/
mm? (22 % neutrophils), and normal protein
and glucose levels; CSF culture remained
sterile. Urinalysis revealed 2+ leukocyte
esterase, negative nitrite, and 50-100 WBC
and few bacterial rods per HPE. Blood culture
and urine culture both grew E. coli. He was
diagnosed with urosepsis and treated with IV
cefepime for 21 days.

Imaging studies: Renal and bladder ultra-
sound revealed normal right kidney measur-
ing 4.6 cm; left kidney measured 5.6 cm and
showed moderate left hydroureteronephrosis
(Fig. 9.1). Voiding cystourethrogram (VCUG)
showed left grade IV VUR (Fig. 9.2). Initial
PmTc-DMSA scan revealed normal right kid-
ney and multiple photopenic areas in the left
kidney that were consistent with acute pyelo-
nephritis (Fig. 9.3 Panel a). Four months later
repeat "Tc-DMSA scan showed persistence
of photopenic areas on the left side suggesting
scarring of the left kidney (Fig. 9.3 Panel b).

Following completion of his initial anti-
biotic therapy, he was prescribed continu-
ous prophylactic antibiotic therapy, initially
cephalexin (10 mg/kg/dose twice daily) that
was later changed to nitrofurantoin (2 mg/
kg once daily), when he was 4 months old.
At age 11 months, he developed another epi-
sode of urosepsis and his urine and blood
culture grew Klebsiella pneumonia. The bac-
terium was resistant to both nitrofurantoin
and sulfamethoxazole/trimethoprim. He was
hospitalized and treated with intravenous
ceftriaxone.
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Fig. 9.2 VCUG of the patient described in the case
vignette showing grade IV VUR on the left side

Fig. 9.1 Renal ultrasound of the patient described in
the case vignette showing moderate hydronephrosis of
left kidney (upper panel) and dilated left ureter
(arrow) in the lower panel
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Fig. 9.3 *"Tc-DMSA scan of the patient described in
the case vignette: (Panel a) at the time of admission
showing multiple photopenic areas in left kidney consis-
tent with acute pyelonephritis, and (Panel b) 4 months
later there were no changes seen in the radiotracer
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uptake on the left side suggesting chronic renal damage
(scarring). Split renal function was 72 % on right and
28 % on left side. It should however be noted that the
possibility of left renal dysplasia associated with high-
grade reflux on that side cannot be ruled out
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Core Messages

* Initial episodes of urinary tract infection
occur more commonly in infancy than at
any other age, male newborns are at
higher risk, and even more so those who
are uncircumcised.

* In young infants, fever is the only con-
sistent symptom/sign of UTI and most
of the UTIs are diagnosed during sepsis
evaluation.

* Even infants with another source of
fever may still have UTL

e Urine specimen for culture should be
obtained by either bladder catheteriza-
tion or suprapubic aspiration.

* Associated bacteremia is common but
likely does not alter the outcome.

e Total duration of therapy is 10-14 days
and can be completed in part with oral
antibiotics as outpatient.

e Widespread application of prenatal
ultrasonography has reduced the preva-
lence of previously unsuspected obstruc-
tive uropathy in infants.

* The need to obtain VCUG and the role
of prophylactic antimicrobial therapy
after initial febrile UTI is being increas-
ingly questioned, thus influencing the
way we manage UTI, especially in
infants older than 2 months of age.

9.1 Introduction

Urinary tract infection (UTI) is one of the most
common bacterial illnesses in febrile infants
younger than 60 days of age. It usually involves
the upper urinary tract (pyelonephritis) and delay
in therapy can lead to permanent renal damage.
During early infancy, UTI is more common in
boys, and uncircumcised males have the highest
rates of UTI. The male-to-female ratio starts
reversing by 4-6 months of age, and by 1 year of
age, UTI is three times more common in girls
than in boys. In febrile young infants, the diagno-
sis of UTI is made during sepsis evaluation as
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there are no specific symptoms or signs of UTI at
this age. All febrile newborns <29 days of age
and ill appearing 29-60 days old, undergoing
sepsis evaluation (that must include urinalysis
and culture), are hospitalized and treated with
intravenous antibiotics until completion of sepsis
work-up. Those with uncomplicated UTI are
treated for 10-14 days and part of therapy can be
completed with oral antibiotics as outpatient.

Over the last decade the management of
children with a febrile UTI has become quite
controversial. Conventionally, all children fol-
lowing an episode of UTI were investigated
using renal ultrasound and voiding cystourethro-
gram (VCUG), aiming to identify renal anoma-
lies, obstructive uropathy, and vesicoureteral
reflux (VUR). Children with VUR of any grade
were treated with prophylactic antibiotics, and
surgical intervention was considered in those
cases with breakthrough infections in spite of
prophylactic treatment. This paradigm has been
questioned in recent years by many investiga-
tors. Firstly, the widespread application of pre-
natal ultrasonography has clearly reduced the
prevalence of previously unsuspected obstruc-
tive uropathy in infants; accordingly the yield
of actionable findings revealed by renal-bladder
ultrasound (RBUS) is relatively low (1-2 %)
[2, 23, 25, 69]. Secondly, the most recent stud-
ies do not support the use of antimicrobial
prophylaxis to prevent febrile recurrent UTI
in infants without VUR or with grades I to IV
VUR, thereby questioning the need for obtain-
ing routine VCUG after the first UTI [10, 17, 37,
42, 48]. Accordingly, the American Academy of
Pediatrics (AAP) recently published the newly
revised guidelines on diagnosis and manage-
ment of initial UTI in febrile infants and chil-
dren 2-24 months of age [9]. It should be noted
that the guidelines excluded infants <2 months
of age, because of special considerations in
this age group that may limit application of
evidence derived from the studies focused on
2- to 24-month-old children. While the informa-
tion in this chapter is mainly focused on infants
<2 months, the material form of new AAP
guidelines and other studies in older infants has
been incorporated where appropriate.
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9.2 Epidemiology

Initial episodes of urinary tract infection occur
more commonly in infancy than at any other age
[26, 66]. Infants with UTI typically present in
the second week after birth, as UTI is an unusual
occurrence during the first 3 days after birth [63].
In febrile infants, the reported prevalence of UTI
has ranged from 4.1 t0 9 % [5, 11,47, 71]. In a
recent meta-analysis of 14 articles that reported
prevalence of UTI in febrile infants <24 months
of age, the pooled prevalence of UTI was 7.0 %
(CI: 5.5-8.4 %) [54]. The variability in preva-
lence is likely attributable to differences among
studies in age, sex, and race of subjects; methods
of urine collection; and criteria for the diagnosis
of UTI. When analyzed for effects of gender and
age, the meta-analysis found that prevalence rates
were highest among uncircumcised male infants
<3 months of age and females <12 months of
age [54]. Four studies that reported UTI preva-
lence by race found that UTI rates were higher
among white infants at 8.0 % (CI: 5.1-11.0) than
among black infants 4.7 % (CIL: 2.1-7.3) [54].
Among infants aged <2 months undergoing sep-
sis evaluation, the 4.6 % prevalence of UTI was
fairly similar to 5.9 % in infants aged >2 months
in whom UTI was suspected because there was
no other source of fever. However, febrile infants
with no apparent source of fever were twice
(7.5 %) as likely to have UTI compared to those
(3.5 %) with a possible source of fever such as
otitis media [22]. Nevertheless the important
lesson here is that even in infants suspected or
found to have another source of fever, UTI may
still coexist.

As mentioned before, in the first 6 months of
life, more boys than girls present with UTIs and
the incidence is greater in uncircumcised boys
[68, 71]. Zorc et al. [71] reported on the clinical
and demographic factors associated with UTT in
febrile (>38.0 °C) infants <60 days of age using
a prospective multicenter cohort from eight pedi-
atric emergency departments during consecutive
bronchiolitis seasons. Overall, 9 % of the 1,025
infants were diagnosed with UTI and uncircum-
cised male infants had the highest rate (21 %),
compared with females (5 %) and circumcised
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males (2.3 %). The odds ratio of UTI being asso-
ciated with uncircumcised state was 10.4 (95 %
CI4.7-31.4).

9.3  Pathophysiology

UTI has multifactorial etiologies and represents
an altered balance between the host and the
pathogen (vide infra). As in many other diseases,
biological susceptibility plays an important role
in the cause of neonatal UTIs as, for instance,
Lewis blood group negative children have higher
incidence of UTI. Abnormal genitourinary anat-
omy can contribute to and complicate the clinical
course of UTI. While hematogenous spread of
bacteria to the urinary tract can occur, it is rare,
and most UTIs start in the urinary bladder and
then ascend to produce pyelonephritis. The ascent
of infection to the upper tract can take place via
two major mechanisms: (1) bacterial adherence
properties that help them migrate upstream and
(2) the presence of VUR that showers the renal
pelvis with infected urine, thus allowing seeding
of the renal parenchyma. If inflammation of renal
parenchyma is not treated promptly, it can lead to
tissue damage resulting in renal scarring.

9.3.1 Predisposing Host Factors
9.3.1.1 Vesicoureteral Reflux

The previously accepted concept that VUR is
almost always the key factor in acquired renal
injury secondary to a urinary tract infection is no
longer accepted. This is based on the fact that less
than half of the children who incur renal damage
secondary to pyelonephritis have VUR; con-
versely, reflux itself does not cause UTI as many
children with VUR diagnosed as part of
evaluation of prenatally detected hydronephrosis
never develop UTI. However, infants with VUR
who get UTI are more likely to get pyelonephri-
tis, and in the presence of VUR, less virulent bac-
teria can gain access to the upper urinary tract
[34]. Furthermore, the risk of renal damage in
children with high-grade VUR (grades Il to V) is
4-6 times greater than the risk in those with grade
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I or IT VUR and 8-10 times greater than the risk
in those without VUR [29]. The relationship of
VUR with UTI and renal damage has become
more complex with the realization that some kid-
neys with high-grade reflux have elements of
dysplasia and scarring even before any infection
has been documented. In many of these cases, the
parenchymal damage took place already in utero.

9.3.1.2 Innate Immunity

Despite its proximity to fecal flora, the urinary
tract, with the exception of urethral meatus, is
usually sterile. The precise mechanism by which
the urinary tract maintains sterility is not well
understood. A recent study has shown that ribo-
nuclease 7 (RNase 7) is a novel antimicrobial
peptide that is expressed in the human urinary
tract and plays an important role in the innate
immunity of the human uroepithelium [59].
Further studies are needed to see if alteration of
this innate immunity plays a part in recurrence
and severity of UTIs in certain individuals.

9.3.2 Agent Virulence

The most common bacteria infecting the urinary
tract are usually Escherichia coli. The bacterial
fimbriae mediate adherence to epithelial cells of
the urinary tract and also cause agglutination of
P-type red blood cells. Both these properties are
important for bacterial virulence. The red blood
cell agglutination can be blocked by sugars like
mannose; therefore, mannose-resistant E. coli are
more virulent than those that are mannose sensi-
tive and predominate as pyelonephritogenic
strains. Mannose resistance is mediated by
P-fimbriae that recognizes specific carbohydrate
receptors (Gall—4 Gal) on the uroepithelium and
can cause ascending infection in the absence of
VUR [34]. K antigen is a capsular polysaccharide
covering bacteria that shields them from phago-
cytosis and exists in greater quantities in pyelo-
nephritogenic strains. Plos et al. [44] documented
that children with UTI carry P-fimbriated E. coli
in their fecal flora more often than healthy con-
trols both at diagnosis (86 % vs. 29 %) and during
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infection-free intervals. The fecal carriage of
P-fimbriated E. coli was also higher in children
who were P-1 blood group positive (88 %) than
those with P-2 blood group (40 %).

9.4  Microbiology

As in older children, the most common bacteria
causing UTT in infants are Gram-negative bacteria
belonging to the family Enterobacteriaceae, with
E. coli being the most common pathogen. Other
Gram-negative bacteria that are responsible for
UTlinclude Klebsiella, Enterobacter, Citrobacter,
Proteus, Pseudomonas, and Serratia species.
Infection with Gram-positive organisms is less
common and Enterococcus is the most common
Gram-positive organisms isolated. Organisms
such as Lactobacillus spp, micrococcus, diphthe-
roids, coagulase-negative staphylococci, and
Corynebacterium spp are usually not considered
clinically relevant isolates for otherwise healthy,
2- to 24-month-old children. The spectrum of the
causative bacteria is usually similar regardless of
whether or not the child has VUR [40].

9.5 Clinical Presentation

Symptoms of a febrile UTI are very nonspecific,
particularly in young infants. Apart from fever,
which is consistently present in infants with UTI,
other nonspecific symptoms and signs such as
vomiting, diarrhea, irritability, poor feeding, and
jaundice, singly or in combination, may be pres-
ent but cannot accurately predict the presence of
UTI. Some authors recommend that UTI should
always be included in the differential diagnosis
of fever during the first year of life, even when a
source of fever is unequivocal.

9.5.1 Focal Bacterial Nephritis

Focal bacterial nephritis also known as acute lobar
nephronia affects one or more of the renal lobules
and is an uncommon presentation of UTI [30, 62].
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Fig. 9.4 Renal abscess:
this 3-month-old infant
presented with high-grade
fever of 1 day duration.
Urinalysis was positive for
leukocyte esterase and
nitrites. Urine culture grew
Citrobacter freundii
(>10,000 CFU per mL);
blood culture no growth.
Renal ultrasound performed
2 days later revealed
abscess in the superior pole
of right kidney
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These patients may not have any pyuria. The diag-
nosis is suspected on imaging studies such as renal
ultrasound (Fig. 9.4) and can be confirmed by com-
puterized tomography in doubtful cases.

9.6 Diagnosis

Urine culture from an appropriately collected
urine specimen is the most important diagnostic
test to establish the diagnosis of UTI. The results
of urinalysis (dipstick and microscopic examina-
tion) are helpful but cannot substitute urine cul-
ture to document the presence of UTI. The
physician managing young febrile infants must
ensure that a urine specimen is obtained for both
culture and urinalysis before treatment with an
antimicrobial agent is initiated. The importance
of this cannot be overemphasized, as a study con-
ducted almost 20 years ago found that over half
of the 1,600 pediatricians, family practitioners,
and emergency medicine physicians surveyed
reported that they would treat a highly febrile
4-month-old infant with an antibiotic without
first obtaining a urine culture specimen [27]. It is
the authors’ impression though that nowadays
many more physicians, taking care of febrile
infants, do obtain a urine culture before antimi-
crobial treatment is started.

9.6.1 Urine Collection Methods

The most common method of urine collection in
older children and adults “midstream clean
catch” is not practical in young infants, and
bagged specimens are frequently contaminated
with very high false-positive culture rates.
Namely, a urine specimen obtained by urine bag
is an acceptable method to rule out an infection
but often an inadequate one to positively diag-
nose one. Therefore, and in order not to delay the
start of antimicrobial treatment, bladder catheter-
ization is the procedure of choice to collect urine
for culture in febrile young infants. Less com-
monly, and especially in the newborn with ure-
thral and other anatomic abnormalities of the
external genitalia, suprapubic aspiration is indi-
cated (vide infra).

9.6.1.1 Suprapubic Aspiration

Suprapubic aspiration of the bladder is the most
reliable technique to identify bacteriuria that is
uncontaminated by perineal flora. The technique
is relatively simple and safe in young infants as
urinary bladder is an abdominal organ at this age
and not covered by peritoneum. The procedure
should be performed in infants who have not
voided in at least the hour prior to procedure and
have a full bladder as assessed by palpation or
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percussion. One has to be very gentle during this
examination as stimulation can initiate voiding.
The suprapubic area is cleaned with an antiseptic
solution, and a 1.5-inch, 22-gauge needle
attached to a syringe is inserted perpendicular to
the abdominal wall, approximately one centime-
ter above the pubic symphysis, and advanced
under negative pressure until urine sample is
obtained. The procedure can stimulate urination
in many infants resulting in high failure rate.
Reported success rates for obtaining urine by
suprapubic aspiration have ranged from 23 to
90 % [12, 32, 45], with better results when the
procedure is performed under ultrasonographic
guidance [6, 19].

Despite its reported simplicity, suprapubic
aspiration is associated with more pain than blad-
der catheterization and complications can happen
[14, 31]. Minor complications such as micro-
scopic hematuria are common, while major com-
plications such as gross hematuria, intestinal
perforation, and abdominal wall abscess are rare.
As a result, suprapubic aspiration is rarely prac-
ticed outside the neonatal intensive care unit and
is becoming a lost art. However, there may be no
acceptable alternative to suprapubic aspiration in
certain situations such as abnormalities of the
external genitalia and urethra.

9.6.1.2 Bladder Catheterization

Transurethral bladder catheterization is a safe
and effective method for obtaining urine samples
for culture in most infants. The procedure is per-
formed by observing all aseptic precautions. The
infant is held with thighs in abducted (frog-leg)
position. In uncircumcised boys the foreskin of
the glans is retracted gently to permit complete
visualization of the urethral meatus; the foreskin
must be repositioned at the end of the procedure
to prevent paraphimosis. The anterior urethra is
cleansed thoroughly with povidone-iodine solu-
tion, and the penis is held perpendicular to the
abdomen with the nondominant hand (which is
henceforth considered contaminated) and gentle
traction is applied to straighten the urethra. A 4-
or 5-French catheter lubricated with sterile jelly
is inserted through the urethral meatus with the
dominant hand until urine returns. It is not
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uncommon to feel slight resistance as the cathe-
ter passes through the external bladder sphincter.
This can be overcome by maintaining gentle
pressure as the spasm will relax; the catheter
should never be forced at this point. In female
infants, the urethra may be difficult to visualize
and an assistant is often needed to separate the
labia majora. If the catheter is inadvertently
placed in the vagina, it should be left in place to
serve as a landmark for subsequent attempts.

The first few drops should be allowed to fall
outside the sterile container, because they may
be contaminated by bacteria in the distal ure-
thra. Specimen contamination can occur in
uncircumcised male infants and in female
infants in whom the urethra is not well visual-
ized and several attempts are required to pass
the catheter.

9.6.1.3 Clean Voided Bag Specimens

While the noninvasiveness of this method of
urine collection appeals to many physicians,
nurses, and parents, this method should never be
used for obtaining urine specimen for culture
because of very high false-positive rates (vide
infra). It should be noted that even if contamina-
tion from the perineal skin is minimized by
cleansing, rinsing, and drying before application
of the collection bag, there may be significant
contamination from the vagina in girls or the pre-
puce in uncircumcised boys, the two groups at
highest risk of UTI. Therefore, a “positive” cul-
ture result from a specimen collected in a bag
cannot be used to document a UTI, and confirma-
tion requires culture of a specimen collected
through catheterization or suprapubic aspiration.
Because there may be substantial delay in obtain-
ing a second specimen, many clinicians prefer to
obtain a definitive urine specimen through
catheterization initially. However, if the clinician
determines that the infant does not require imme-
diate antimicrobial therapy, then often a urine
collection bag affixed to the perineum can be
used to collect urine specimen to rule out diagno-
sis of UTI by checking for leukocyte esterase and
nitrites. To minimize the possibility of contami-
nation, it is recommended that the mother checks
on the bag every 10 min and that the bag is
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replaced by a new one every 30 min. As afore-
mentioned, in essence a negative culture rules out
a UTI whereas a positive one requires further
confirmation.

9.6.2 Urinalysis

Because urine culture results are not available for
at least 24 h, there is considerable interest in
other urine tests that may be helpful in diagnos-
ing those children who might have UTI thus
enabling initiation of presumptive therapy. In
contrast to urine specimen collected for culture,
urinalysis can be performed on any specimen,
including one collected from a bag applied to the
perineum. However, the specimen must be fresh
(<1 h after voiding with maintenance at room
temperature or <4 h after voiding with refrigera-
tion), to ensure sensitivity and specificity of the
urinalysis. The tests that have received the most
attention are biochemical analyses of leukocyte
esterase and nitrite through a dipstick method
and urine microscopic examination for white
blood cells (WBCs) and bacteria.

9.6.2.1 Leukocyte Esterase

The test detects “esterase” (an enzyme released
by white blood cells) and indicates presence of
white blood cells in the urine (pyuria). Hoberman
et al. [24] reported a sensitivity of 52.9 % in
detecting the presence of >10 leukocytes/mm?.
The specificity of this test in general is low;
therefore, positive leukocyte esterase by no
means confirms the diagnosis of UTIL.

9.6.2.2 Nitrites

Dietary nitrates are converted to nitrites by bac-
teria, and positive urinary nitrite test has very
high specificity (98 %) in diagnosing UTL
However, a nitrite test is not a sensitive marker
of UTI in children, particularly infants, who
empty their bladders frequently as conversion
from nitrates to nitrites usually requires ~4 h of
reaction time. Furthermore, only Gram-negative
bacteria convert nitrates to nitrites; therefore,
negative nitrite test results have little value in
ruling out UTI [21].
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9.6.2.3 Microscopic Examination

The diagnostic accuracy and the interpretation of
microscopic urinalysis are influenced by the
preparation of the specimen (centrifuged vs.
uncentrifuged) and the method of quantifying
and reporting. Stamm [61], defined pyuria as the
presence of >10 leukocytes/mm’ in uncentri-
fuged urine. In young febrile children in whom
urine specimen was obtained by catheterization,
Hoberman et al. [24] showed that a count of <10
leukocytes/mm® was almost invariably associ-
ated with a sterile culture, whereas a count of
>10 leukocytes/mm? had a sensitivity of 91 %
and a low false-positive rate of 3.4 % in identify-
ing urine culture results of >50,000 colony-
forming units (CFUs) per ml. In urinary sediment
from a centrifuged (10 mL at 2,000 rpm for
5 min) specimen, the usual threshold for signifi-
cant pyuria is >5 WBCs per high-power field
(~25 WBCs per pL). The absence of pyuria can
help differentiate true UTI from asymptomatic
bacteriuria in infants with concurrent febrile
infection from another source.

9.6.3 Urine Culture

“Significant” bacteriuria in urine culture has been
the sole gold standard for the diagnosis of UTIL.
However, limitations of urine culture include
uncertainty concerning the magnitude of a “sig-
nificant” bacterial colony count, and inability
to differentiate asymptomatic bacteriuria from
infection. Urine culture results are considered
positive or negative on the basis of the num-
ber of CFUs that grow on the culture medium.
Definition of significant colony counts with
regard to the method of collection considers that
the distal urethra and periurethral area are com-
monly colonized by the same bacteria that may
cause UTT; therefore, a low colony count may
be present in a specimen obtained through void-
ing or catheterization even when bacteria are not
present in the bladder urine. On the other hand,
asymptomatic bacteriuria (>10° bacteria/L in
urine specimens obtained by suprapubic aspira-
tion) has been reported in 0.9 and 2.5 % of female
and male infants, respectively [65]. In majority
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of these infants, the bacteriuria is spontaneously
cleared in a few months [64]. The concept that
>100,000 CFUs per mL indicates a UTI was
based on morning collections of urine from adult
women, with comparison of specimens from
women without symptoms and women considered
clinically to have pyelonephritis; while the for-
mer had bacterial counts <10,000 CFUs per mL,
women with pyelonephritis had >100,000 CFUs
per mL with only 1 % of the women having bac-
terial counts between 10,000 and 100,000 CFUs
per mL [28]. It is important to realize that defini-
tions of positive and negative culture results are
operational and not absolute. The time the urine
resides in the bladder (bladder incubation time)
is an important determinant of the magnitude of
the colony count. Accordingly, in most instances,
an appropriate threshold to consider bacteriuria
“significant” in infants and children is the pres-
ence of at least 50,000 CFUs per mL of a sin-
gle urinary pathogen in specimen obtained by
catheterization [24]. For specimens collected by
suprapubic aspiration, usually >1,000 CFU per
mL of bacterial count is considered significant.
As mentioned before, 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.

For urine culture results to be reliable, urine
specimens should be processed as expeditiously
as possible. If the specimen is not processed
promptly, then it should be refrigerated to pre-
vent the growth of organisms that can occur in
urine at room temperature; for the same reason,
specimens that require transportation to another
site for processing should be transported on ice.

9.6.4 Blood Culture and Spinal Tap

In comparison to older children, UTT in infants is
more commonly associated with bacteremia,
occurring in 4-22.7 % of cases. Presence of bac-
teremia is inversely related to age and is usually
limited to those <6 months old, and these patients
are more likely to have abnormal RBUS and
VCUG [4, 13, 43]. While blood culture is rou-
tinely obtained in all infants <29 days old as a
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part of sepsis evaluation, it should also be
obtained in older infants who appear ill at initial
examination. Presence of bacteremia might
require prolonged intravenous antibiotic therapy
but usually there are no adverse consequences in
terms of outcome. In infants <3 months of age,
the risk of coexisting bacterial meningitis with
UTlI is very low (<1 %) but sterile pleocytosis can
be seen in up to 3 % of patients [52].

9.6.5 Miscellaneous Tests

The commonly obtained laboratory tests such as
WBC count, C-reactive protein, and erythrocyte
sedimentation rate (ESR) have not shown high
degree of accuracy in confirming the diagnosis of
acute pyelonephritis in young (<2 years old) febrile
children with UTI [16]. Therefore, other special tests
such as urine interleukin-1f and serum procalcitonin
have been investigated and have shown promising
results for early detection of acute pyelonephritis but
currently remain a research tool [41, 55].

9.7 Management

9.7.1 Antibiotic Therapy

The goals of treatment of acute UTI are to eradi-
cate the acute infection, to prevent complications,
and to reduce the likelihood of renal damage.
All febrile infants <29 days of age who usually
undergo full sepsis evaluation (complete blood
count with differential, blood culture, cerebro-
spinal fluid analysis with culture, and urinalysis
with culture) are hospitalized, and treatment is
initiated with broad-spectrum intravenous anti-
biotics such as ampicillin along with cefotaxime.
It should be noted that bacterial susceptibility
to antimicrobial agents is highly variable across
geographic areas; therefore, initial therapy should
be guided by local sensitivity patterns [18, 70].
Once the diagnosis of UTI is confirmed, the anti-
biotic is changed according to the culture results
and treatment is continued for 10-14 days.
While in the past, all newborns used to receive
intravenous antibiotics for complete duration of
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therapy, currently, many of them are discharged
home with PO antibiotic (usually cefixime) after
variable length of inpatient intravenous ther-
apy (Personal communication with Section of
Infectious Diseases, Children’s Mercy Hospital,
Kansas City, MO; 2012). The majority of infants
without any underlying genitourinary abnormal-
ity will become afebrile within 48—72 h of therapy
[3]. The length of intravenous therapy and hospi-
tal stay is determined by the severity of illness,
non-E. coli UTI (e.g., Pseudomonas), presence of
bacteremia, obstructive genitourinary anomaly,
abnormal kidney function, response to therapy,
and questionable parental compliance.

Most experimental and clinical data support
the concept that delays in the institution of appro-
priate treatment of pyelonephritis increase the
risk of renal damage [58, 67]. For these reasons,
all infants who have sustained a febrile UTI
should have a urine specimen obtained at the
onset of subsequent febrile illnesses, so that a
UTI can be diagnosed and treated promptly.

Older infants (1-3 months old) with UTI who
are well appearing at initial examination, have no
history of genitourinary abnormalities or previ-
ous UTI, are not dehydrated, have no respiratory
distress or concomitant acute disease, were born
at term, and do not have congenital heart, lung, or
metabolic disease are at very low risk of adverse
events and can be treated with brief hospitaliza-
tion or ambulatory intravenous antibiotics fol-
lowed by oral therapy [49].

Whether given to neonates or older infants,
when aminoglycosides are used, it is important to
monitor their blood level and concomitant kidney
function, thus avoiding or detecting in its early
stage acute kidney injury that is not uncommon
in this patient population.

9.7.2 Prophylactic Antibiotic
Therapy

Over the last decade, the practice of using pro-
phylactic antibiotics in patients with VUR to
prevent recurrence of febrile UTIs has been chal-
lenged. A number of studies in recent years have
failed to show their usefulness in children older
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than 24 months with VUR grades I to IV [10,
17, 37, 42, 48]. The AAP subcommittee that
worked on the 2011 Clinical Practice Guidelines
requested the raw data on 2- to 24-month-old
infants from six researchers and their analysis on
this group of 1,091 infants failed to detect any
significant benefit of prophylactic antibiotics in
infants with grades I-IV VUR [9]. Accordingly,
both National Institute for Health and Care
Excellence (NICE) [39] and current American
Academy of Pediatrics (AAP) guidelines rec-
ommend that prophylactic antibiotic treatment
should not be routinely used. However, these
recommendations are not applicable for infants
<2 months of age and those with grade V reflux.
The results of the currently ongoing RIVUR
(Randomized Intervention for Children with
Vesicoureteral Reflux) study may put an end to
this debate.

Currently, due to the high risk of UTI recur-
rence at a young age (vide infra), it is our practice
to keep all newborns and young infants, who had
a UTI, with or without the presence of VUR, on
prophylaxis for 6 months. Until age 2 months, the
infants receive cephalexin to be replaced then by
sulfamethoxazole/trimethoprim. Due to the high
rate of resistance of community E. coli to ampi-
cillin, which in some places reaches 50 %, it is
important to avoid using this drug as first-line
prophylaxis [1].

9.7.3 Circumcision

Uncircumcised male infants <2 months old
have one of the highest incidence of UTIs; the
impact of uncircumcised state on risk of UTI
decreases by 1 year of age. A meta-analysis con-
ducted by Singh-Grewal et al. [56] that included
402,908 boys showed that circumcision was
associated with a significantly reduced risk of
UTI (OR=0.13, 95 % CI 0.08-0.20, p<0.001).
Because circumcision is not a benign procedure,
these authors determined that the net clinical ben-
efit of circumcision is likely only in boys at high
risk of UTTI such as those with posterior urethral
valves or high-grade reflux. However, this assess-
ment was critiqued by Schoen [50], who had
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earlier reported that newborn circumcision not
only results in a 9.1-fold decrease in incidence of
UTI during the first year of life but also markedly
lowers the UTI-related costs and rate of hospital
admissions, thus supporting newborn circum-
cision as a valuable preventive health measure,
particularly in the first 3 months of life [51].

9.8 Imaging Studies

9.8.1 Ultrasound

The purpose of renal-bladder ultrasound (RBUS)
is to detect anatomic abnormalities that might
help in the management of current UTI and/or
help plan further evaluation and long-term fol-
low-up. In addition, RBUS also provides an eval-
uation of the renal parenchyma and an assessment
of renal size that can be used to monitor renal
growth. The widespread application of prenatal
ultrasonography has clearly reduced the preva-
lence of previously unsuspected obstructive
uropathy in infants and the yield of actionable
findings is relatively low (1-2 %), thereby ques-
tioning the utility of RBUS in evaluation of the
infant or child with a first febrile UTI [2, 23, 25,
69]. Furthermore, in the vast majority of those
found to have an abnormal finding, no interven-
tion was required. However the above studies did
not pinpoint on the neonate population, and due
to the possible association of UTT at this age with
a missed congenital anomaly, the practice is still
to obtain an ultrasound in neonates with UTL
Images of urinary bladder should always be
included so as not to miss findings such as ure-
terocele or diverticulum (Fig. 9.5).

9.8.2 Voiding Cystourethrogram

The whole premise behind detecting VUR by
VCUG is to prevent UTI recurrence (and renal
damage) by prophylactic antibiotics or an antire-
flux procedure. Recent evidence has shown that
VUR is neither necessary nor sufficient for the
development of renal scarring, and many cases of
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Fig. 9.5 Ureterocele: This 2-month-old female infant
presented with fever. Urine culture grew E. coli (>10° CFU
per mL). Renal and bladder ultrasound revealed left ure-
terocele (arrow) and hypoplastic left kidney (not shown).
VCUG (not shown) revealed grade IIT VUR on right side

scarring do occur in children without VUR.
Furthermore, as the role of prophylactic antimi-
crobial therapy in preventing febrile UTI (and
renal damage) in infants with grades [ to IV VUR
has become controversial, current AAP Clinical
Practice Guidelines do not recommend obtaining
VCUG routinely after the first UTI. The commit-
tee also concluded that the proportion of infants
with grade V VUR among all infants with first
febrile UTTI is small (1 %) and these infants will
likely show the abnormality on RBUS, prompt-
ing obtaining VCUG. Most nephrologists will
usually obtain VCUG if renal and bladder ultra-
sound reveals significant hydronephrosis, solitary
kidney, renal dysplasia or scarring, abnormal ure-
teral or bladder anatomy, suggestion of obstruc-
tive uropathy, and in other atypical or complex
clinical circumstances. At the same time it is
important to note that a normal ultrasound does
not rule out the presence of VUR [57]. Because
of the high prevalence of VUR in siblings
(27.4 %) and offsprings (35.7 %) [57], VCUG
may be indicated for infants with a family history
of VUR. Although high-grade (IV-V) V VUR is
less common [9, 38] than low-grade (I-1IT) VUR,
identification of the former is important as it
places these infants in high-risk category who are
at greater risk of UTI recurrence and renal dam-
age (Fig. 9.2). These infants should be closely
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monitored and investigated for UTI when they
present with febrile illness.

9.8.3 Radionuclide Scintigraphy

Technetium-labeled dimercaptosuccinic — acid
(*"Tc-DMSA) is taken up by the cells of the
straight and convoluted parts of the proximal
tubules and provides functional image of proxi-
mal renal tubular mass. Areas of inflammation,
or those damaged by scarring, or areas with
dysplasia are seen as focal defects associated
with volume loss or contraction of the renal cor-
tex (Fig. 9.3) [35]. A ®"Tc-DMSA renal scan
is highly sensitive in detecting the focal hypo-
perfusion and edema of acute inflammation
(pyelonephritis) as well as subsequent scarring
of inflamed parenchymal areas and is considered
a “gold standard” for diagnosing pyelonephri-
tis. This test is helpful in neonates and infants in
whom the diagnosis is unclear based on the clini-
cal findings. The findings on nuclear scans rarely
affect acute clinical management and do not
predict risk of future scarring; therefore, nuclear
scanning is not recommended as part of routine
evaluation of infants with their first febrile UTI.
However, the " Tc-DMSA scanning is useful in
research, because it ensures that all subjects in a
study have confirmed pyelonephritis to start with
and it permits assessment of later renal scarring
as an outcome measure.

9.8.4 Magnetic Resonance
Urography

Magnetic resonance urography (MRU) is a rela-
tively new technology that offers major advan-
tages in evaluation of genitourinary abnormalities.
It integrates exquisite anatomical information with
a variety of functional data and avoids ionizing
radiation and iodinated contrast agents [7]. Using
DMSA scan as the reference standard, a gadolin-
ium-enhanced T1 sequence MRU was found to
have 100 % sensitivity and 78 % specificity for the
detection of renal scarring [8]. In addition, MRU
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can distinguish among acute pyelonephritis (area
of compromised perfusion with interstitial edema),
renal scarring (parenchymal defect), and renal
dysplasia [20]. However, at this point, its cost, lim-
ited availability, and need for patient sedation limit
its widespread application.

9.9 Prognosis

9.9.1 Risk of Recurrence

A retrospective study from Finland revealed that
roughly one-third of boys and girls who had their
first episode of UTI under 1 year of age and were
not receiving prophylactic antibiotics had recur-
rence of UTI over a follow-up period of 3 years; in
86 % of the cases the first recurrence occurred
within 6 months of the primary UTIL The study
excluded children with genitourinary abnormalities
and none of the boys in this study were circumcised.
It also found that the recurrence-free interval was
shorter and recurrent UTIs occurred more often in
children with grades III-V VUR than in those with
grades I-1I VUR (log rank test p=0.0005) [40].

9.9.2 Risk of Scarring and CKD

In a study conducted 25 years ago it was esti-
mated that each episode of febrile UTI can lead
to a 5 % risk of new renal scar formation and risk
of scarring increases with number of recurrences
[26]. It is generally believed that the risk of renal
parenchymal damage from UTI as manifested by
subsequent renal scarring is strongly related to
age at the time of UTI, being highest in infancy
and declining markedly with age [46]. Several
studies have reported an increased risk of scar-
ring with delayed and inadequate treatment [15,
36, 67]. Hoberman et al. [23] reported on renal
scan findings in 309 children (1-24 months old);
61 % of the children had findings compatible
with acute pyelonephritis and renal scarring was
noted in 9.5 % of the 89 % children who had
repeat scans. The degree of VUR was signifi-
cantly associated with a higher incidence of renal
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scarring (p=0.007). Similarly, Montini et al.
[38], reported changes of pyelonephritis on initial
DMSA scans in 54 % of 300 children <2 years of
age with scarring developing in 15 % of cases on
repeat DMSA scans. A recently published meta-
analysis of 33 articles that included 4,891 chil-
dren (0-18 years old) revealed that 57 % (CI:
50-64) of children with first UTI had changes
consistent with acute pyelonephritis on the acute-
phase DMSA renal scan and 15 % (CI: 11-18)
had evidence of renal scarring on the follow-up
DMSA scan, 5-24 months after an initial episode
of UTIL. Children with VUR were significantly
more likely to develop pyelonephritis (RR, 1.5;
CI, 1.1-1.9) and renal scarring (RR, 2.6; CI 1.7—
3.9) compared with children with no VUR.
Furthermore, children with VUR grades III or
higher were more likely to develop scarring than
children with lower grades of VUR (RR, 2.1; CI,
1.4-3.2) [53]. On the other hand, it has been
shown that children who have a normal ultra-
sound at presentation continue to demonstrate
intact anatomy on follow-up studies irrespective
of recurrence of UTIs [33]. It is also evident that
the vast majority, if not all those who in the past
where diagnosed with reflux nephropathy due to
infection, sustained the renal parenchymal dam-
age already in utero. Several studies indeed
showed that UTT per se is not a frequent cause of
chronic renal failure in childhood [60].

Conclusion

Many studies regarding UTI have been con-
ducted on infants older than 30 or 60 days
but there is only a paucity of such studies in
the neonate. In general it seems agreeable
by all that once appropriate urine sample is
obtained, prompt antibiotic treatment should
be provided, at least for several days by the
intravenous route, and ultrasound of the uri-
nary tract performed. Common sense should
guide the need for a VCUG especially when
taking into consideration the fact that only
a minority of patients may benefit from
long-term prophylaxis. On the other hand, a
6-month prophylaxis in all neonates recover-
ing from acute UTI might be less invasive and
more cost effective.

V. Chadha and U.S. Alon
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