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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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ABBREVIATIONS
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American Academy of Pediatrics
CAP
continuous antibiotic prophylaxis
CFU
colony-forming unit
HPF
high-power ﬁeld
RBUS
renal bladder ultrasonography
SPA
suprapubic aspiration
UA
urinalysis
UTI
urinary tract infection
VCUG
voiding cystourethrography
VUR
vesicoureteral reﬂux
WBC
white blood cell

Objectives

After completing this article, readers should be able to:

1. Review the most common organisms and risk factors for urinary tract
infections (UTIs) in the neonatal population.
2. Describe the criteria for diagnosis of UTIs and the appropriate scenario to
assess for concurrent infections.
3. Review the management recommendations for neonatal and infant
populations.
4. Review current recommendations for imaging and follow-up in infants
after their ﬁrst UTI.
5. Review indications for prophylactic antibiotic therapy after UTIs in early infancy.
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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, especially 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 12% to 30% had renal ultrasonography anomalies, primarily vesicoureteral reﬂux (VUR), during an evaluation after their ﬁrst UTI. (9)(10) A few studies
that speciﬁcally focused on infants in the NICU showed a
much smaller incidence of anomalies (3%), perhaps suggesting that in the younger population, the likelihood of congenital 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 UTIs, representing up to 80% to 88%

TABLE 1.

of cases (Table 1). (4)(6)(9)(12)(13) Enterobacter species and
Klebsiella pneumonia follow closely behind. Less common pathogens include Pseudomonas aeruginosa, Enterococcus species, group B Streptococcus, Staphylococcus aureus,
Citrobacter freundii, Serratia marcescens, and Klebsiella oxytoca.
Fungal pathogens, mainly Candida species, are predominantly 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, Streptococcus pneumoniae) are rare. Of note, in infants presenting
with E coli sepsis, galactosemia 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 infants younger than 60 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 metaanalysis of a similar patient population and a populationbased study in northern California that found that
circumcision markedly lowered medical costs and hospital
admissions, especially in the ﬁrst 3 months of age. (5)(16)
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)(17)
Although VUR remains the most common anomaly and has
been associated with as many as 20% of neonatal UTIs,
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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 breastfeeding may be protective for infants against respiratory and
gastrointestinal infections, it has not been found to be protective 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 predisposing 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 clinically without testing for UTI while higher-risk infants
should have a urine culture or urinalysis (UA) followed
by urine culture if abnormal. Neonates, especially premature neonates, are likely at higher risk for UTI and urosepsis
based on multiple factors. Increased susceptibility, prolonged 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 (‡102.2°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 uncircumcised boys, coupled with higher susceptibility to ascending 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 difﬁcult 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 distention, 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 the onset 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 (‡102.2oF [‡39°C]) is associated with a
higher incidence of spontaneous bacterial infection compared with a viral illness. (4) However, up to half of infants
with a UTI 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 UTI in infants is
inversely related to age. One study showed a 5.7% correlation of a positive blood culture with a known UTI. (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 department 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/mL and absolute neutrophil count of
greater than or equal to 1,500 cells/mL. (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 suspected or laboratory-proven UTI. (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 recommendations 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 recommendation 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, deﬁned 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 uncentrifuged urine specimens), which deﬁnes pyuria as greater
than or equal to 10 WBC/mL, 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 available 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 colonyforming 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)
(17) 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 a 7.5% 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 UTI. (10)(17)
For lower colony counts on a urine culture in a neonate
(10,000–50,000 CFU/mL), the authors suggest the following: if more than or equal to 10,000 CFU/mL of any
organism(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 (‡10
WBC/mL), 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 supplemental 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 gentamicin or ampicillin and cefotaxime—followed by narrowing 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 not yet known. (6) For febrile infants aged 2 to 24 months,
the AAP recommends either intravenous or oral antibiotics
for 7 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 result in
renal scarring. (33) Duration of treatment for infants less
than or equal to 60 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 7 days. (24)
For treatment of infants younger than 60 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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Figure. Flow chart of diagnostic workup for neonate with suspicion for UTI. 1, Clinical signs of illness 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 antibiotics 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 intravenous course of antibiotics is preferred. Neonates are typically 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 UTIs
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 consulting 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 completed 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 UTI 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 treatment 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 incidence. (16) There is no strict threshold for which circumcision
is offered with regard to recurrent infections. Cultural, religious, 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 congenital urologic abnormality is fairly low among neonates
with a UTI and even fewer require intervention, the presence of these anomalies can inform future risk and help
direct further therapy. Congenital anomalies with a predisposition to urinary stasis or obstruction (eg, posterior
urethral valves, ureteropelvic junction obstruction, congenital 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 generalized 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 quality, with better evidence in speciﬁc conditions (eg, highgrade 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 cephalosporins (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
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ﬁrst month of age because of the risk of hemolytic anemia,
particularly in infants with glucose-6-phosphate dehydrogenase 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 Administration (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 recommended for all neonates diagnosed with an organismconﬁrmed 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 demonstrated more severe pathologies (eg, high-grade hydronephrosis, 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 diagnosis 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 UTI 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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TABLE 3.

Common Medications Used for CAP

MEDICATION

TREATMENT DOSE

CAP DOSE

FDA-APPROVED
INDICATIONS

COMMON ADVERSE
EFFECTS

Amoxicillin

25–45 mg/kg per day PO
divided into 2 doses

15–20 mg/kg daily

Any age, UTI treatment

Cutaneous/allergic
reactions,
gastrointestinal
disturbances

Cephalexin

25–50 mg/kg per day PO
divided into 2–4 doses

25 mg/kg daily or
divided into 1–2
doses

Any age, UTI treatment

Cutaneous/allergic
reactions,
gastrointestinal
disturbances

Nitrofurantoin

5–7 mg/kg daily divided
into 4 doses

1–2 mg/kg daily

>1 month age, UTI
treatment or
prophylaxis

Hemolytic anemia,
gastrointestinal
disturbances,
interstitial
pneumonitis,
cutaneous/allergic
reactions

TMP

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

TMPsulfamethoxazole

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)

CAP¼continuous antibiotic prophylaxix; FDA¼Food and Drug Administration; PO¼orally; TMP¼trimethoprim; UTI¼urinary 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 UTI 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:
• Presence of hydronephrosis or hydroureteronephrosis (also referred to varyingly as “pelviectasis” or “calyectasis” by some radiologists)
• A duplex collecting system
• Ureterocele
• Megaureter (dilated, tortuous ureter distally with or
without dilation of the collecting system and pelvis at
the kidney)
• Posterior urethral valves (dilated posterior urethra as
seen on sagittal views of the bladder)

• Renal cysts
• Multicystic dysplastic kidney
• Bladder diverticulum
• Urolithiasis
Newer ultrasound techniques offer the ability to visualize
the presence of VUR and even grade it, though this technique 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 highgrade 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
UTI, the risk of identiﬁcation of high-grade VUR decreased
to 26%. (44)
A VCUG should only be performed after treatment of
UTI has been completed. (45) If there is a strong suspicion
for VUR, the patient may be started on antibiotic prophylaxis 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 examined 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 5, severe
dilation of the ureters, renal pelvis, and calyces); bladder
contour regularity; presence/absence of bladder diverticulae
and bladder neck; and posterior urethra conﬁguration (speciﬁcally 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], diethylenetriaminepentacetate, 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, particularly 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
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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 (n¼22) 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 UTI 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 outcomes solely to a UTI or other predisposing conditions.
(33)(43) Overall, risk of chronic kidney disease or hypertension after a UTI in the neonatal period appears to
be low.

CONCLUSION
The estimated prevalence of a UTI 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 malformation, 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 UTI.
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 antibiotics 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 prophylaxis 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 anomalies in consultation with a specialist.
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1. 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.
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2. A 3-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
in the neonatal period?
A.
B.
C.
D.
E.

Enterobacter species.
Klebsiella pneumonia.
Escherichia coli.
Pseudomonas aeruginosa.
Staphylococcus aureus.

3. 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.
B.
C.
D.
E.

This journal-based CME
activity is available
through Dec. 31, 2020,
however, credit will be
recorded in the year in
which the learner
completes the quiz.

Absence of circumcision.
Being female compared with male.
White race compared with any other race.
Cesarean delivery.
Placement of gastric suction catheter during delivery resuscitation.

4. 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.
C. The most common presenting sign of urinary tract infection is hyperglycemia.
D. Prolonged jaundice can be a presenting symptom in both term and preterm
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.
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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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