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Education Gaps

1. Data on the criteria for diagnosis and management of urinary tract
infections in neonates are limited.

2. The indications for urologic imaging and prophylaxis in neonates are unclear.

Abstract

Urinary tract infections (UTIs) contribute to a significant portion of bacterial
infections in neonates and young infants. Criteria for the diagnosis,
treatment, and imaging are more established in the 2- to 24-month-old age
group. It may not be ideal to apply recommendations from the group older
than 2 months to younger patients, because the presentation, risk factors,
complications, management, and imaging may not be appropriate for

this more vulnerable population. This review provides a summary of the
available literature for diagnosis, treatment, and follow-up of a UTI in the
neonate or young infant. We review data on imaging to assess for underlying
congenital anomalies of the urinary tract. We also provide insight on the use of
antibiotic prophylaxis, particularly when vesicoureteral reflux is identified.
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ObjeCtiVGS After completing this article, readers should be able to:

1. Review the most common organisms and risk factors for urinary tract

2. Describe the criteria for diagnosis of UTls and the appropriate scenario to

ABBREVIATIONS assess for concurrent infections.

AAP American Academy of Pediatrics

CAP  continuous antibiotic prophylaxis 3. Review the management recommendations for neonatal and infant

CFU colony-forming unit populations.

HPF high-power field

RBUS  renal bladder ultrasonography 4. Review current recommendations for imaging and follow-up in infants
SPA suprapubic aspiration after their first UTI.

UA urinalysis

uTl urinary tract infection 5. Review indications for prophylactic antibiotic therapy after UTls in early infancy.

VCUG  voiding cystourethrography
VUR vesicoureteral reflux
WBC white blood cell
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BACKGROUND

Urinary tract infections (UTIs) are the most common bacterial
infection in febrile newborns. (1) Studies focused on febrile
infants likely underestimate the true prevalence of UTIs in
infants because most infants do not present with fever, espe-
cially in the neonatal period. (2) Estimated prevalence in infants
younger than 2 to 3 months ranges from 4.6% to 13.6%. (3)(4)
(5)(6)(7) The reported prevalence in children younger than 24
months is estimated between 7% and 15.4%. (4)(5)(6)
Previously, it was thought that UTIs may be a “sentinel
event for an underlying renal anomaly.” The quoted incidence
of congenital anomalies of the kidney and urinary tract is 0.3
to 1.6 per 1,000 live births. (8) Most studies in children aged 2

to 24 months found that {29 £636% had renal tlfrasonog:
‘raphy anomalies, primarily vesicoureteral reflux (VUR), dur-

ing an evaluation after their first UTL. (9)(10) A few studies
that specifically focused on infants in the NICU showed a
much smaller incidence of anomalies (3%), perhaps suggest-
ing that in the younger population, the likelihood of congen-
ital anomalies is much smaller, and affected infants may
require a more limited evaluation. (11) This review will
concentrate primarily on neonatal UTIs in patients without
a congenital anomaly, and provide recommendations for an
appropriate evaluation to rule out such anomalies.

EPIDEMIOLOGY

Escherichia coli continues to be the most common causative
organism for neonatal UTTIs, representing up to 80% to 88%

of cases (Table 1). (4)(6)(9)(12)(13) Enterobacter species and
Klebsiella pneumonia follow closely behind. Less com-
mon pathogens include Pseudomonas aeruginosa, Enterococ-
cus species, group B Streptococcus, Staphylococcus aureus,
Citrobacter freundii, Serratia marcescens, and Klebsiella oxytoca.
Fungal pathogens, mainly Candida species, are predomi-

nantly nosocomial in origin. (14)Boys with VUR are more
likely to present with the less common pathogens. (4)(9)

In the neonatal population, gram-positive pathogens
(Enterococcus faecalis, S aureus, group B Streptococcus, Strep-
tococcus pneumoniae) are rare. Of note, in infants presenting
with E coli sepsis, (Galciosemia should be included in the
differential diagnosis. (15)

There is a strong male predominance of UTIs in the
‘neonatal and infant population (<3 months of age), which
differs significantly from older infants and children. (3)(6)
(9) In a prospective multicenter trial of 1,000 febrile in-
fants younger than 6o days, the absence of circumcision
increased the risk of UTI by almost 10-fold in boys: 21% in
uncircumcised boys versus 2% for circumcised boys versus
5% in girls. (4) These findings are supported by a meta-
analysis of a similar patient population and a population-
based study in northern California that found that
circumcision markedly lowered medical costs and hospital
admissions, especially in the first 3 months of age. (5)(z6)

White race and ill appearance were previously thought
to be risk factors for UTI, but correlation with race has
been called into question in more recent studies. (4)(5)(x7)
Although VUR remains the most common anomaly and has
been associated with as many as 20% of neonatal UTIs,

TABLE 1. Frequencies of Urinary Tract Infection Pathogens in Infant

Studies
ZORC ET AL, ISMAILI ET AL, BONADIO GREENHOW

REFERENCE 2005 (4) 2011 (6) AND MAIDA, 2014 (9) ET AL, 2014 (13)
Age of patients <60 days (febrile) 0-3 months < 30 days (febrile) 1 week-3 months
No. of urine cultures 1,025 46 670 823
Organisms

Escherichia coli 80% 88% 71% 60%

Klebsiella spp 9% 7% 10% 2%

Enterobacter spp 5% 2% 3% 0%

Enterococcus - - 10% 2%

Citrobacter spp 4% - - -

Pseudomonas spp 1% - 1% -

Other (gram-positive - 2% 5% 26%

organisms, fungal, etc)
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there appears to be no difference in risk of UTI based on sex,
birthweight, gestational age, or mode of delivery. (9)(18) In
contrast, in a study of infants younger than 2 months in a single
NICU, the rate of anomalies in patients with a UTI was less
than 5%, with the youngest (patients and those with Klebsiella
as a pathogenic organism more likely to have VUR. (9)(18)

Maternal history may also play a role in the risk of neonatal
UTI, because maternal history of UTI, premature rupture of
membranes, and maternal exposure to antibiotics may all
increase the risk for UTI in neonates. (19) Although breast-
feeding may be protective for infants against respiratory and
gastrointestinal infections, it has not been found to be pro-
tective against UTIs in the first 3 months of age. (20) Some
studies suggest that vitamin D administration may increase
the risk for UTIs in neonates. (20) A summary of predispos-
ing factors for UTIs in infants is provided in Table 2.

The American Academy of Pediatrics (AAP) published
guidelines in 2011 (updated in 2016) for febrile infants aged
2 to 24 months with recommended stratifications for UTI
evaluation compared with clinical follow-up based on risk of
UTI. (10) Low-risk febrile infants could be monitored clin-
ically without testing for UTI while higher-risk infants
should have a urine culture or urinalysis (UA) followed
by urine culture if abnormal. Neonates, especially prema-
ture neonates, are likely at higher risk for UTT and urosepsis
based on multiple factors. Increased susceptibility, pro-
longed hospitalization, multiple interventions, including
intravascular catheters, and exposure to multiple antibiotic
courses may contribute to a prevalence rate as high as 20%
in premature and low-birthweight infants. (21) There are
virtually no reports of UTIs in premature infants in the first
24 hours of age. (22) Data exist to suggest that bacterial

TABLE 2. Predisposing Factors for Urinary Tract
Infection in Infants

NEONATAL OR INFANT CHARACTERISTICS

Male (< 3 months)

Uncircumcised

Prematurity

Renal and urinary tract malformation

High temperature (2102.2°F [>39°C])

MATERNAL CHARACTERISTICS

History of urinary tract infection

Premature rupture of membranes

Exposure to antibiotics

colonization of the skin, particularly of the prepuce of uncir-
cumcised boys, coupled with higher susceptibility to ascend-
ing infection likely contributes to the higher prevalence of
UTIs in preterm versus term neonates (16). Hematogenous
spread from invasive catheters or other sources appears to be
less likely in preterm infants than previously thought. (23)

CLINICAL PRESENTATION

The clinical presentation in the neonate can often be diffi-
cult to differentiate from neonatal sepsis due to neurologic
immaturity and nonspecific associated symptoms. (14) Poor
feeding, lethargy, vomiting, diarrhea, irritability, feeding
intolerance, hypothermia, hypoglycemia, abdominal disten-
tion, bradycardic events, and prolonged jaundice may all be
presenting symptoms in a neonate with a UTI. Prolonged
jaundice can be a presenting symptom in both term and
preterm neonates. (2) Although thelonset of jaundice after 8
days of age has a particular association with UTI, the AAP
recommends screening for UTI in all infants with an
elevated direct bilirubin concentration. (10) Fever with a
high temperature (2102.2°F [239°C]) is associated with a
higher incidence of spontaneous bacterial infection com-
pared with a viral illness. (4) However, up to half of infants
with a UTT may only have a low-grade temperature or are
afebrile, contributing to the difficulty in diagnosis and need
for a high index of suspicion in neonates. (9)(21)

The risk of bacteremia associated with a UTT in infants is
inversely related to age! One study showed a 5.7% correla-
tion of a positive blood culture with a known UTIL. (24) In a
comparison of age-matched controls with bacteremic UTI
versus nonbacteremic UTI, elevated serum band count (as
a percentage of total white blood cell [WBC] count) and
microscopic UA with more than 100 WBCs per high-power
field (HPF) were more likely in the bacteremic UTI group.
(24) In a 20-center retrospective review of older infants
(aged 29-60 days) who presented to the emergency depart-
ment with temperature greater than 100.4°F (38°C) and
UTI, adverse events (death, shock, bacterial meningitis,
ICU admission, etc) were found in 2.8% and bacteremia
occurred in 6.5%. (25) A clinical prediction model identified
a cohort at “low risk for adverse events” (not clinically ill and
no medical history of high risk) with a peripheral band count
of less than 1,250 cells/uL and absolute neutrophil count of
greater than or equal to 1,500 cells/uL. (25) Of these low-risk
patients, 28 of 862 (3.2%) were bacteremic and none had
an adverse event. (25) While this model focused on an older
and lower-risk cohort, it is possible that this could be true for
low-risk preterm neonates as well. The risk of meningitis is
low (0%—6%), (9) which could support potentially avoiding
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lumbar punctures in well-appearing neonates with a sus-
pected or laboratory-proven UTIL. (26)

DIAGNOSTIC CONFIRMATION

It is often difficult to collect urine in neonates. While
suprapubic aspiration (SPA) and urethral catheterization
are preferred methods because of the high contamination
rates with sterile bag collection, the AAP recommenda-
tions for infants aged 2 to 24 months allow for sterile bag
collection for an initial UA. If the UA findings are abnormal
(positive leukocyte esterase or nitrite test or microscopic
analysis results for leukoctyes or bacteria), a catheter or SPA
sample should be sent for culture. (10) Applying this rec-
ommendation to a younger population may not be ideal,
given the lack of reliability of UA in infants and the high
false-positive rate of sterile bag collection. (10) Pyuria, de-
fined as more than or equal to 5 WBCs/HPF, predicts
less than 50% of infant UTIs. (27) Use of an enhanced UA
(hemocytometer cell count and Gram stain on uncentri-
fuged urine specimens), which defines pyuria as greater
than or equal to 10 WBC/uL, has 91% sensitivity and 96%
specificity for positive urine cultures. (28) The use of an
enhanced UA method with the low-risk criteria proposed by
the AAP improves the identification of infants at lower risk
for bacteremia; however, enhanced UA is not readily avail-
able in most laboratories at this time. (1)

The gold standard for diagnosis is a urine culture that is
positive for a single organism. The threshold for a “positive”
culture via SPA or sterile catheter collection varies in the
literature between: 1) greater than or equal to 10,000 colony-
forming units (CFUs) per milliliter of a single organism in
addition to pyuria on enhanced UA, and 2) greater than or
equal to 50,000 CFU/mL of a single organism (which the
AAP recommends for 2- to 24-month-old neonates). (10)
(r7) While some studies postulate that 10,000 to 50,000
CFU/mL may represent asymptomatic bacteriuria, (17)(28)
increasing this threshold to greater than or equal to 100,000
CFU/mL, even for a bag specimen, may have a77.5% to 20%
false-positive rate. (17)(29) Most experts suggest a threshold
of greater than or equal to 50,000 CFU/mL of a single
organism via SPA or sterile catheterization to make the
diagnosis, and incorporating enhanced UA or clinical
symptoms may help confirm a diagnosis of UTIL. (10)(1y)
For lower colony counts on a urine culture in a neonate
(10,000-50,000 CFU/mL), the authors suggest the follow-
ing: if more than or equal to 10,000 CFU/mL of any
organismy(s) is grown on a suprapubic aspirate or a single
organism grows on a catheterized specimen, and there are

other clinical indicators of infection, concern for a true
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UTI should be raised. Bagged specimens are discouraged
and should not be used for culture because of their high
false-positive rates. A bagged specimen sent for culture that
returns negative, however, can be reassuring.

Other laboratory findings, such as an elevated C-reactive
protein or erythrocyte sedimentation rate, have low sensitivity
and specificity. However, a positive urine culture via SPA (>100
CFU/ml) in combination with pyuria on enhanced UA (210
WBC/uL), a C-reactive protein level higher than 20 mg/L (190
nmol/L), or an erythrocyte sedimentation rate higher than 30
mm/hour was found to have a specificity of 98% and 97%,
respectively, in a population of 162 febrile infants younger
than 8 weeks. (3) Serum leukocytosis and positive leukocyte
esterase or nitrite on urine dipstick may be helpful as supple-
mental tests, but are unreliable in the neonatal and infant
population because of frequent bladder emptying. (9)(30)

MANAGEMENT

Initial management for a neonate with a UTI is inpatient
intravenous broad-spectrum antibiotics—ampicillin and gen-
tamicin or ampicillin and cefotaxime—followed by narrow-
ing the regimen based on organism sensitivity. (6)(12) In the
United States, ampicillin resistance in neonatal E coli isolates
has been reported in up to 75%, with gentamicin resistance
reported to be between 12% and 17%. (31) Despite this high
resistance to ampicillin, there is a reported 50% clinical
response in patients, suggesting discordance between in
vitro and in vivo activity or high concentration in the urine.
(32) The current diagnostic approach and management for a
neonate with a UTI is summarized in the Fig.

Data on outpatient and/or oral treatment are based
mostly on older infants, so safety in this younger age group
is notyet known. (6) For febrile infants aged 2 to 24 months,
the AAP recommends either intravenous or oral antibiotics
for 77 to 14 days based on local sensitivity. (10) Empirical
treatment is thought to be important because of the high
risk for bacteremia in the newborn period associated with
UTIs and to prevent renal scarring. However, some more
recent studies have shown no statistical difference, but
rather a trend toward long-term scarring with oral versus
initial intravenous antibiotics followed by oral antibiotics.
Non-E coli uropathogens appear to be more likely to resultin
renal scarring) (33) Duration of treatment for infants less
than or equal to 6o days of age varies between less than or
equal to 4 days and 7 to 14 days, though the majority are
treated intravenously for 5 to 77 days. (24)

For treatment of infants younger than 6o days who have a
bacteremic UTI, retrospective review of multiple institutions
revealed a mean duration of intravenous antibiotics of 6.3 to
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Suspicion of UTI'

|

Urinalysis with microscopy and urine culture

via suprapubic aspirate or urethral if aspirate or urethral 1 not possible Urinalysis and urine culture via bag
catheterization? specimen
* = * . * *
culture urinalysis > 5 WBCs/HPE < 5 WBCs/HPF

> 10,000 CFU/mL of 1 or more
organisms on suprapubic aspirate
OR
> 10,000 CFU/mL of a single
organism on urethral catheterization

no growth on culture

| | |

UTI ruled out Suspicious for UTI

| e

Consider additional testing:
CBC
Blood cultures
ESR/CRP
Enhanced UA
Lumbar puncture if ill appearing

Consider other diagnoses

|

Imaging

® leukocyte esterase AND @ nitrite
=5 WBCs/HPF
presence of bacteria

culture
> 50,000 CFU/mL of single organism

UTI diagnosed

ing:

RBUS

|

+ bacteria
+ leukocyte esterase
+ nitrite
AND/OR
any growth on culture

+ bacteria
+ leukocyte esterase
+ nitrite

AND
no growth on culture

| |

UTI ruled out

Cannot rule out UTI

Empiric 1V antibiotics:
ampicillin and gentamicin
OR
ampicillin and cefotaxime

Consider

— ¢
urologic consultation

Narrow antibiotics®
Base on culture sensitivities
Treat with intravenous or oral regimen
total of 7-14 days

Figure. Flow chart of diagnostic workup for neonate with suspicion for UTI. 1, Clinical signs of iliness are fever, hypothermia, lethargy, irritability, feeding
intolerance, apneic or bradycardic events, prolonged jaundice, etc. 2, Suprapubic aspiration of bladder or urethral catheterization are preferred method
of obtaining urine sample for testing. Bag collection of urine is useful to rule out UTI if testing is negative. 3, Antibiotic course may vary depending on
age and severity of illness; may consider transition to oral antibiotics if >3 months of age and otherwise normal laboratory findings and negative cultures.
¥Interpretation of urinalysis with microscopy and urine culture can be challenging in the context of conflicting information (which is very common). Index of
suspicion should go up with congruent, positive findings and similarly, index of suspicion should decrease with incongruent findings.

7.8 days + 4 days with few relapses. (34) Fever resolves in most
patients within 12 to 24 hours. (12) Transition to oral anti-
biotics after initial intravenous broad-spectrum coverage may
be considered in older infants (>3 months) if clinically well
with otherwise normal laboratory findings and negative blood
or cerebral spinal fluid cultures, because there appears to
be no difference in risk for renal scarring. (35) However,
the bioavailability, safety, and efficacy of oral antibiotics are
unknown in premature infants, so completion of an intra-
venous course of antibiotics is preferred. Neonates are typ-
ically treated for 10 to 14 days, but the gaps in understanding
the treatment course with outcomes remain.

MANAGEMENT OF RECURRENT UTIs AND
ANTIBIOTIC PROPHYLAXIS

Recurrent UTls

The treatment and prevention of recurrent UTIs can be
challenging and require close coordination among the family,
clinical team, and consulting services. The approach is tailored

for each individual patient and any identified factors (eg,
male, uncircumcised, premature birth, presence of congenital
anomalies, prior UTI, clinical circumstances regarding past
infection, height of fever). There is no consensus about the
definition of recurrent UTIs. However, the treating or con-
sulting physician should be wary of labeling patients with this
diagnosis in the absence of strong evidence. In particular,
multiple positive urine cultures separated by time and com-
pleted treatment represent a bare minimum for UTI to be
considered recurrent. The authors do not advise repeating
urine cultures during or after treatment of a UTT unless there
is clinical suspicion (eg, fever, lethargy, poor oral intake) for
recurrence of infection, incomplete treatment, or symptoms.
In some circumstances, if a urine culture is repeated, the
presence of an ongoing UTI may signify incomplete treat-
ment or newly acquired antibacterial resistance to treatment.

In boys with recurrent UTIs, strong consideration for
circumcision should be discussed with the family, particularly
in patients younger than 6 months. (36) Uncircumcised boys
have at least 50% higher incidence of UTI than circumcised
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boys, and circumcision alone can reduce future UTI inci-
dence. (16) There is no strict threshold for which circumcision
is offered with regard to recurrent infections. Cultural, reli-
gious, and social considerations may weigh on the decision to
proceed with circumcision, in addition to other factors such as
placement on daily prophylactic antibiotics and the presence
of other uncorrected, congenital urologic abnormalities.
Renal bladder ultrasonography (RBUS) is recommended
after a diagnosis of a UTI in an infant to rule out new or
worsening urinary tract dilation, urolithiasis, or abscess
(rare). (37) Repeat RBUS for patients with previous imaging
studies should also be strongly considered. As noted earlier,
although the risk for concomitant identification of a con-
genital urologic abnormality is fairly low among neonates
with a UTI and even fewer require intervention, the pres-
ence of these anomalies can inform future risk and help
direct further therapy. Congenital anomalies with a pre-
disposition to urinary stasis or obstruction (eg, posterior
urethral valves, ureteropelvic junction obstruction, congen-
ital megaureter, neurogenic bladder) may require surgical
intervention to reduce the risk of future infections. As such,

urologic consultation is important.

Continuous Antibiotic Prophylaxis

Continuous antibiotic prophylaxis (CAP) is an important
component of UTI prevention in patients with congenital
anomalies such as VUR, because such prophylaxis has been
found to lead to a 50% reduction in future UTIs. (38)(39)
Evidence for CAP in the setting of UTI and VUR is gener-
alized from large, randomized controlled trials such as the
Swedish Reflux Trial (40) and the RIVUR Study, (39) which
showed clear benefits of CAP in the prevention of UTI. The
data are generalized to the neonate population because the
Swedish Reflux Trial did not include patients younger than 1
year and the RIVUR Study did not include infants younger
than 2 months. (39)(40) Support for the broad use of CAP
for various congenital anomalies in neonates is of low qual-
ity, with better evidence in specific conditions (eg, high-
grade hydronephrosis, VUR). (41)

The American Urological Association guidelines do not
specifically address the circumstances of premature infants
and neonates, but do recommend that patients with a febrile
UTI and any grade VUR be placed on CAP. (36) Other
clinical and diagnostic circumstances may also warrant CAP
in this age group, given their risk for sequelae from UTI
(sepsis, bacteremia). In neonates, amoxicillin is typically
used for CAP. Alternatives include orally available cepha-
losporins (eg, cephalexin). (Trimethoprim-sulfamethoxazole
is avoided in the first 2 months of age in neonates because of
the risk of kernicterus. Nitrofurantoin is also avoided in the

NeoReviews

first month of age because of the risk of hemolytic anemia,
particularly in infants with glucose-6-phosphate dehydro-
genase deficiency) The authors recommend that if CAP is
considered appropriate for a patient, the intended drug of
choice should ideally fall within the sensitivities found on
any previous cultures of organisms. Use of oral antibiotics
that have been approved by the US Food and Drug Admin-
istration (FDA) are limited in this population, and this
approach may not be possible in patients with a history
of drug-resistant organisms. Table 3 provides a summary of
common medications used for CAP, dosage, FDA-approved
ages and indications, and common adverse effects.

Imaging

While specific guidelines are not available to guide imaging
options before age 2 months, some experts have argued that
any UTI should be considered pathologic in this age group.
Given the potential for recurrent UTIs or sequelae from a
UTI in patients with congenital anomalies, imaging is rec-
ommended for all neonates diagnosed with an organism-
confirmed UTI. The prevalence of congenital urinary tract
anomalies in preterm infants and neonates younger than 2
months hospitalized for a UTI remains high, with 35% to
40% having a finding on RBUS. (6)(11) In most cases, mild
hydronephrosis is noted. Only 5% of all patients dem-
onstrated more severe pathologies (eg, high-grade hydro-
nephrosis, horseshoe kidney, unilateral renal agenesis,
congenital megaureter).

The usefulness of imaging after a diagnosis of a UTI in
an infant is predicated on the accuracy of the diagnosis. To
minimize cost, false-positive rates, and unnecessary diag-
nosis of benign phenotypes, the AAP recommends that
patients with a UTI at 2 to 24 months of age have imaging
only if they develop a second febrile UTI. Because a large
proportion of patients who have a UTT at age 2 to 24 months
will not develop another, this strategy minimizes overuse of
imaging (and subsequent imaging and procedures that tend
to follow). However, this strategy may not be appropriate for
premature infants and neonates younger than 2 months,
but the practitioner should still be wary of overuse and
disadvantages of imaging in neonates. To this end, accurate
diagnosis of UTI is paramount, and we recommend that
clinical suspicion for a UTI be gauged on the strength of the
underlying evidence. For example, a bagged urine specimen
is considered inadequate for the diagnosis of UTI, because it
is associated with a high false-positive rate. A single organism
growing 50,000 CFU/mL from an SPA, however, would
serve as definitive proof for a UTI in a sick patient.

Ultrasonography is the mainstay of urinary tract imaging
in infants and children. Ultrasonography is noninvasive and
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1ABLE 3. Common Medications Used for CAP

FDA-APPROVED COMMON ADVERSE
MEDICATION TREATMENT DOSE CAP DOSE INDICATIONS EFFECTS
Amoxicillin 25-45 mg/kg per day PO 15-20 mg/kg daily Any age, UTl treatment Cutaneous/allergic
divided into 2 doses reactions,
gastrointestinal
disturbances
Cephalexin 25-50 mg/kg per day PO 25 mg/kg daily or Any age, UTl treatment Cutaneous/allergic
divided into 2-4 doses divided into 1-2 reactions,
doses gastrointestinal
disturbances
Nitrofurantoin 5-7 mg/kg daily divided 1-2 mg/kg daily >1 month age, UTI Hemolytic anemia,

into 4 doses

treatment or
prophylaxis

gastrointestinal
disturbances,
interstitial
pneumonitis,
cutaneous/allergic
reactions

T™MP

8-10 mg/kg TMP daily
divided into 2 doses

2 mg/kg TMP daily

>12 years age, UTI
treatment or
prophylaxis

Cutaneous/allergic
reactions,
hematologic
toxicity

TMP-
sulfamethoxazole

8-10 mg/kg TMP daily
divided into 2 doses

2 mg/kg TMP daily

>2 months age, UTI
treatment
or prophylaxis

Cutaneous/allergic
reactions,
hematologic

toxicity,
hepatotoxicity
(kernicterus)

CAP=continuous antibiotic prophylaxix; FDA=Food and Drug Administration; PO=orally; TMP=trimethoprim, UTI=urinary tract infection.

avoids ionizing radiation, while providing detailed imaging
of the urinary tract. The technique is operator-dependent. Its
use in older infants and children with a first UTT has been
debated in the past, and current AAP recommendations
state that ultrasonography should be performed only after a
second UTI. This recommendation is based on studies
showing lack of cost-effectiveness and that a majority of
older patients (2—24 months) do not have a second UTI or
sequelae. (10) Such guidelines have not been established for
premature infants or neonates younger than 2 months.

Possible imaging findings that should prompt urologic

consultation include:

e Presence of hydronephrosis or hydroureteronephro-
sis (also referred to varyingly as “pelviectasis” or “ca-
lyectasis” by some radiologists)

e A duplex collecting system

e Ureterocele

e Megaureter (dilated, tortuous ureter distally with or
without dilation of the collecting system and pelvis at
the kidney)

e Posterior urethral valves (dilated posterior urethra as
seen on sagittal views of the bladder)

Renal cysts

Multicystic dysplastic kidney
Bladder diverticulum
e Urolithiasis

Newer ultrasound techniques offer the ability to visualize
the presence of VUR and even grade it, though this tech-
nique is not widely available.

Voiding cystourethrography (VCUG) remains the test of
choice for diagnosing VUR and ruling out some other
congenital anomalies. A normal finding on RBUS does
not necessarily rule out the presence of VUR. (6)(42) Some
centers advocate that a VCUG be performed only in the
setting of an abnormal RBUS finding, non—E coli UTI, or
recurrent UTI. We advocate for testing of all premature
infants with a UTI, because these patients have an increased
likelihood of immature urinary tracts and thus, may be more
susceptible to the risks of upper tract infection (see section
on sequelae) without proper identification and treatment.
(43) One recent study of patients with a UTI at less than 3
months of age noted that the risk of identification of a high-
grade VUR was greatest in patients with non—E coli UTI and
abnormal ultrasound findings (55% with high-grade VUR).
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In patients with normal ultrasound findings and non—E coli
UT]I, the risk of identification of high-grade VUR decreased
to 26%. (44)

A VCUG should only be performed after treatment of
UTT has been completed. (45) If there is a strong suspicion
for VUR, the patient may be started on antibiotic pro-
phylaxis after completion of treatment-dose antibiotics to
minimize the risk of recurrent UTIs. During a VCUG, a
urethral catheter is placed in the bladder, contrast is then
instilled into the catheter, and multiple radiographs are
obtained of the bladder and urethra. Images are taken of
the renal fossae to look for the presence of contrast
medium in the upper urinary tracts. Characteristics exam-
ined include presence or absence of VUR, associated
timing (early, late, voiding), and grade (scale of 1 to 5, with
1 indicating reflux limited to the ureter and s, severe
dilation of the ureters, renal pelvis, and calyces); bladder
contour regularity; presence/absence of bladder diverticulae
and bladder neck; and posterior urethra configuration (spe-
cifically to assess for posterior urethral valves, which would
show a dilated posterior urethra, filling defect, and bladder
neck with hypertrophy).

Other Imaging Modalities

Magnetic resonance urography and nuclear function testing
(Tc-99m mercaptoacetyltriglycine [Mag3)], diethylenetriami-
nepentacetate, or dimercaptosuccinic acid) are not routinely
recommended for evaluation of an infant with an isolated
UTI. These adjunct, specialized imaging tests may be
ordered by consulting services to identify or rule out specific
urinary tract abnormalities. Magnetic resonance urography
uses nonionizing radiation, but nuclear function testing
requires radiation. Nuclear function testing is advocated by
some experts to address potential reflux as an initial screen
before VCUG (“top-down approach”), but this approach
is not widely practiced in North America owing to the lack
of availability of the radioactive tracers. (46) Computed
tomography is not routinely used to evaluate the urinary
tract in neonates or infants, owing to better nonionizing
alternatives.

SEQUELAE

Sequelae of UTIs in neonates must be considered, partic-
ularly in those with risk factors: prematurity, presence of
antenatal hydronephrosis, presence of known congenital
urinary tract anomaly such as VUR, non—E Coli pathogen,
drug-resistant organisms, or recurrent UTIs. Immediate
sequelae of a UTI in this population include bacteremia
in up to one-third of patients, though more recent studies

NeoReviews

show that this association may be closer to 5% of patients.
(24)(47) Renal growth rates have been shown to be slower
in a small cohort (n=22) of patients younger than 1 month
with a UTI. Long-term follow-up (mean age, 17 years)
showed renal size normalized, but there was size disparity
in patients with VUR. (48)

The subsequent development of renal scarring, chronic
kidney disease, and hypertension are also of concern in
patients with a UTI at an early age. Delay in initiation of
treatment for a febrile UTI has been shown in some studies
to increase the risk of renal scarring, even in patients
without VUR. (49)(50)

There has long been felt to be a strong relationship
among UTI, VUR, and the development of renal scarring,
which occurs in about 10% of patients with UTT and VUR.
(39) However, recently it has been increasingly recognized
that VUR and renal dysplasia exist on the same spectrum,
and dysplastic kidneys are more likely to harbor or be
susceptible to renal scarring. Similarly, such kidneys may
already be at risk for poor growth and atrophy, further
confounding long-term outcome measures in this patient
population, and making it difficult to attribute these out-
comes solely to a UTI or other predisposing conditions.
(33)(43) Overall, risk of chronic kidney disease or hyper-
tension after a UTI in the neonatal period appears to
be low.

CONCLUSION

The estimated prevalence of a UTT in infants younger than 3
months is 4.6% to 13.6% based on limited data. Neonates
and young infants often present with nonspecific symptoms
that make diagnosis difficult and require a high index of
suspicion. The most common pathogen in neonatal UTIs is
E coli, but the risk factors differ for neonates versus older
children. Significant risk factors include male gender, lack
of circumcision, prematurity, renal and urinary tract mal-
formation, maternal exposure to antibiotics, and maternal
UTI. Suprapubic aspirate, or more often a sterile catheter
specimen, is preferred for diagnosis and culture of a single
organism, with greater than or equal to 50,000 CFU/mL
being the most commonly accepted threshold. However,
lower colony counts of a single organism in the setting of
strong clinical indicators may also be consistent with a UTT.
Pyuria on UA and supplemental testing may help make the
initial diagnosis. Bacteremia and meningitis are rare in this
population but still represent a significant risk if missed.
Empirical treatment with intravenous broad-spectrum anti-
biotics is preferred, with narrowing based on sensitivities. A
10- to 14-day intravenous course of antibiotics is typical for
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neonates, though evidence shows that transition to oral
antibiotics may be possible. Imaging with RBUS should
be considered for all patients in this age group, with further
imaging predicated on patient risk factors. Antibiotic pro-
phylaxis has been shown to be beneficial in preventing
recurrent UTIs in patients with VUR, but may be considered
in infants with less common congenital urinary tract anom-

alies in consultation with a specialist.

PARENT RESOURCES

e Preventing urinary tract infections in children: https://
www.healthychildren.org/English/health-issues/conditions/
genitourinary-tract/Pages/Prevent-Urinary-Tract-Infections-
in-Children.aspx

e Circumdision: https://www.healthychildren.org/English /ages-
stages/prenatal/decisions-to-make/Pages/Circumcision.
aspx

e Detecting urinary tract infections: https://www.health-
ychildren.org/English /health-issues/conditions/genitouri-
nary-tract/ Pages/Detecting-Urinary-Tract-Infections.aspx

American Board of Pediatrics
Neonatal-Perinatal Content
Specifications

® Know the causative infectious agents, pathogenesis, and
differential diagnosis of urinary tract infections.

e Know the clinical and laboratory features, treatment, and
complications of urinary tract infections.
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NeoReviews Quiz

1.

2. A3-week-old male infant is found to have urinary tract infection after presenting with poor
feeding, emesis, and intermittent fever. A urine culture is noted to be growing bacteria.
Which of the following is the most common causative organism for urinary tract infection

There are two ways to access the journal CME quizzes:
1. Individual CME quizzes are available via a handy blue CME link in the Table of Contents of any issue.

2. To access all CME articles, click “Journal CME” from Gateway’s orange main menu or go directly to: http://www.

aappublications.org/content/journal-cme.

A 2-month old infant presents with fussiness, poor feeding, and fever. Diagnostic

evaluation is suspicious for urinary tract infection. Which of the following statements

regarding newborns and urinary tract infections is correct?

A. Urinary tract infections represent the most common bacterial infection in febrile

newborns.
B. Most infants with urinary tract infections present with fever.

C. Younger neonates with urinary tract infection (<1 week old) are more likely to have

fever than older infants (>2-3 months) with urinary tract infection.

D. Urinary tract infections in infants younger than 2 months are exceedingly rare, with

prevalence of 1 per 1,000 live births.

E. Urinary tract infection in a 2-month-old signifies a greater than 50% likelihood of

renal anomaly.

in the neonatal period?

A. Enterobacter species.

B. Klebsiella pneumonia.

C. Escherichia coli.

D. Pseudomonas aeruginosa.
E. Staphylococcus aureus.

. A 1-month-old infant is being evaluated for fever and lethargy. The urinalysis findings are
suspicious for urinary tract infection. Which of the following increases the risk for urinary

tract infection by approximately 10-fold?

A. Absence of circumcision.

B. Being female compared with male.

C. White race compared with any other race.

D. Cesarean delivery.

E. Placement of gastric suction catheter during delivery resuscitation.

An 8-day-old infant presents with jaundice and irritability. Serum direct bilirubin level is
elevated. Which of the following statements regarding presentation of urinary tract

infection in neonates is correct?

A. Neonates with urinary tract infections almost always (>90% of the time) present
with 1 of the following: temperature greater than 101.3°F (38.5°C) or hypothermia

with temperature less than 95°F (35°C).

B. The risk of bacteremia associated with urinary tract infection in infants is directly

and linearly correlated with increasing age.

N

neonates.

E. Although jaundice can be a symptom of urinary tract infection, testing for urinary
tract infection should only be performed for indirect hyperbilirubinemia that

presents after 2 weeks of age.

The most common presenting sign of urinary tract infection is hyperglycemia.
D. Prolonged jaundice can be a presenting symptom in both term and preterm
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5. A 3-month-old infant presents to the emergency department with low-grade fever,
feeding intolerance, and increasing lethargy. Which of the following statements regarding
testing for urinary tract infection in this patient is correct?

A. The initial urinalysis should be performed by using a capillary tube on a wet
diaper.

B. Suprapubic aspiration should be performed on each of the 4 quadrants of the
bladder.

C. A urine culture growing more than 50,000 colony-forming units per milliliter of a
single organism would be considered as a confirmatory diagnosis of urinary tract
infection.

D. Bagged urine specimens are just as accurate as catheterized specimens in the
neonatal period.

E. Elevated C-reactive protein concentration is a highly sensitive and specific test for
bacterial urinary tract infection in infants up to 6 months of age.
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