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BACKGROUND: A recent study revealed that specific uropathogens are associated with lower
odds of pyuria in a general pediatrics population. Children with neurogenic bladders who
require clean intermittent catheterization (CIC) frequently have pyuria. Our objective
with this study was to determine if an association exists between pyuria and type of
uropathogen in CIC-dependent children.

abstract

METHODS: We obtained urinalysis and urine culture results from electronic medical records
from January 2008 through December 2014 for patients ≤18 years of age with neurogenic
bladders managed at a single institution. Cultures without concurrent urinalyses were
excluded from analysis, as were cultures that yielded no growth, fungal growth, or growth
of unidentified mixed organisms. We used logistic regression to determine the association
of pyuria and leukocyte esterase with specific uropathogens.

RESULTS: We included 2420 cultures in this analysis. The growth of Enterococcus on urine
culture was associated with lower odds of both pyuria and leukocyte esterase. In contrast,
the growth of more than 100 000 colony-forming units per milliliter of Proteus mirabilis
was associated with increased odds of both pyuria and leukocyte esterase, and the growth
of Pseudomonas aeruginosa was associated with increased odds of leukocyte esterase
but not pyuria. Certain etiologies of neurogenic bladder, such as bladder exstrophy and
cloacal malformations, were also associated with increased odds of pyuria compared with
neurogenic bladder due to myelomeningocele.

CONCLUSIONS: In children with neurogenic bladders who require CIC, Enterococcus may grow
in urine culture without pyuria or positive leukocyte esterase. Accordingly, urine cultures
should be obtained in symptomatic children, regardless of urinalysis results.
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WHAT’S KNOWN ON THIS SUBJECT: The growth of
Enterococcus in urine culture is associated with
lower odds of pyuria in children with a normal
genitourinary tract. Children with neurogenic
bladders who require clean intermittent
catheterization frequently have pyuria, which may
confound this association.
WHAT THIS STUDY ADDS: Enterococcus in urine
culture from children with neurogenic bladders
is associated with lower odds of pyuria. In a
symptomatic child, urine culture should be
performed regardless of the urinalysis results.
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ARTICLE

Children with neurogenic bladders
who require clean intermittent
catheterization (CIC) frequently
have bacteriuria. Routine urinalysis
is often used at the point of care to
diagnose a urinary tract infection
(UTI). In a general pediatric
population, specific uropathogens
(eg, Enterococcus species, Klebsiella
species, and Pseudomonas
aeruginosa) were less likely to
be associated with pyuria than
Escherichia coli.1 However, children
with neurogenic bladders who
require CIC frequently have chronic
urethral inflammation, which may
confound the association between
pyuria and uropathogens.2 Therefore,
we sought to determine if the
presence of pyuria was associated
with specific uropathogens in
children with neurogenic bladders.

METHODS
We obtained urinalysis and urine
culture results from electronic
medical records between January
1, 2008, and December 31, 2014,
for patients ≤18 years of age with
neurogenic bladders managed at
a single institution. We identified
neurogenic bladder through the
use of the following International
Classification of Diseases, Ninth
Revision (ICD-9) codes: neurogenic
bladder (ICD-9 596.54), spina bifida
(ICD-9 741), paraplegia (ICD-9
344.1), or quadriplegia (ICD-9 344).
We then conducted a manual review
of electronic medical records to
ensure that patients were actively
performing CIC during the study
period. We excluded from analyses
urine cultures with either no
growth (n = 3259), fungal growth
(n = 68), or growth of unidentified
mixed organisms (n = 239), as well
as cultures without concurrent
urinalyses (n = 2779). Urine cultures
were performed by using standard
laboratory technique. The study was
approved by the institutional review
board.
2

Definitions
In this article, urinalysis refers
to the combination of both urine
dipstick and urine microscopy. At
our institution, urine microscopy
is performed only if the dipstick
shows the presence of blood, protein,
nitrites, or leukocyte esterase, or if
the sample is from a patient <2 years
of age whose urine sample is sent
from the emergency department. We
defined positive leukocyte esterase
as either small, moderate, or large
leukocyte esterase on urinalysis. We
defined pyuria as ≥5 urinary white
blood cells per high-powered field.3
We defined a positive urine culture
result as ≥10 000 CFU/mL on a
specimen obtained by catheter. We
chose 10 000 CFU/mL rather than
50 000 CFU/mL as the threshold,
because at our institution, bacterial
growth of <100 000 CFU/mL was
reported as being between 10 000
and 100 000 CFU/mL rather than
a specific colony count for several
years during the study period.

Statistical Analysis

We compared categorical data using
χ2 tests or Fisher’s exact tests as
appropriate and continuous data
using a t test. We used logistic
regression to determine the
association between uropathogens
and positive leukocyte esterase
and pyuria. Covariates included
in the model were etiology of
neurogenic bladder, uropathogens,
sex, hydronephrosis, vesicoureteral
reflux (VUR) and the presence of a
mitrofanoff. We ran the models using
a cohort that included all cultures
with growth ≥10 000 CFU/mL, as
well as those ≥100 000 CFU/mL.
All analyses were done in RStudio
(version 0.99.902).

RESULTS
We included 2420 cultures in
this analysis. We found that 1651
patients had bacterial growth of
≥100 000 CFU/mL, 965 patients

had bacterial growth between
10 000 and 100 000 CFU/mL, and
42 patients had bacterial growth of
≥10 000 CFU/mL. The cohort had
a mean age of 11.2 (±4.5) years,
included 61% girls, and was mostly
white (72%) (Table 1). The most
common etiologies of neurogenic
bladder included myelomeningocele
(35%), anorectal malformation
(11%), and cloacal malformation
(8%). The most frequently isolated
uropathogen was E coli (37%),
followed by Enterococcus species
(14%), and Klebsiella species
(11%). The remaining 38%
include Acinetobacter, Aerococcus,
Citrobacter, Staphylococcus species,
Corynebacterium, Enterobacter,
Globicatella, Morganella, Pantoea,
Proteus, Providencia, Pseudomonas,
Rothia, Serratia, and Streptococcus
species. There was no difference in
age, race, or etiology of neurogenic
bladder between those with and
without pyuria, although there was
a higher proportion of girls among
patients with no pyuria. There was
also a high proportion of patients
with a mitrofanoff and VUR in the
pyuria group compared with the
no pyuria group but no difference
in the proportion of patients with
hydronephrosis (Table 1).

For the model including cultures
with growth ≥10 000 CFU/mL, male
sex, presence of a mitrofanoff, and
presence of VUR were associated
with pyuria (Table 2). The growth
of Enterococcus species as well as
other causes of neurogenic bladder
was associated with decreased odds
of pyuria; no uropathogens were
associated with increased odds
of pyuria (Table 2). In the model
that included only cultures with
≥100 000 CFU/mL, male sex, growth
of Proteus mirabilis, tethered cord,
cloacal malformation, presence of a
mitrofanoff and VUR were associated
with increased odds of pyuria
(Table 2).
For the model including cultures
with growth ≥10 000 CFU/mL,
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male sex, cloacal malformation, the
presence of a mitrofanoff, and VUR
were associated with the presence
of leukocyte esterase, whereas the
presence of a spinal cord injury
was associated with decreased
odds of leukocyte esterase. The
growth of P mirabilis was associated
with increased odds, whereas the
growth of Enterococcus species
was associated with decreased
odds of leukocyte esterase. Similar

patterns were seen for the model that
included ≥100 000 CFU/mL, with the
exception that spinal cord injury was
not associated with increased odds of
leukocyte esterase (Table 3).
A total of 2779 cultures were
excluded from analysis because they
did not have urinalysis performed
at the time of urine culture. A total
of 244 cultures were not included in
the model for the outcome of pyuria

TABLE 1 Demographics and Etiology of Neurogenic Bladder in Patients With Bacteriuria According
to the Presence of Pyuria
Characteristic
Age, y, mean (SD)
Girl
White
Myelomeningocele
Anorectal malformation
Cloacal malformation
Bladder exstrophy
Eagle-Barrett syndrome
Mitrofanoff
Hydronephrosis
VUR

Pyuria (n = 1907)

No Pyuria (n = 513)

P

11.2 (4.5)
1139 (59.7)
1364 (71.5)
664 (34.8)
197 (10.3)
163 (8.5)
41 (2.2)
29 (1.5)
558 (29.2)
53 (2.8)
460 (24.1)

10.9 (4.6)
351 (68.4)
381 (74.2)
171 (33.3)
42 (8.2)
35 (6.8)
2 (0.4)
2 (0.4)
80 (15.6)
11 (2.1)
64 (12.5)

.13
<.01
.30
.56
.17
.24
.01
.07
<.01
.51
<.01

Data are presented as n (%) unless otherwise specified.

TABLE 2 Association Between Sex, Uropathogen Type, and Etiology of Neurogenic Bladder and Pyuria
Predictors
Sex
Female
Male
Uropathogen
E coli
P aeruginosa
Staphylococcus saprophyticus
Enterococcus species
Klebsiella species
Proteus species
Enterobacter species
Other
Etiology of neurogenic bladder
Myelomeningocele
Anorectal malformation
Tethered cord
Bladder exstrophy
Cloacal malformation
Spinal cord injury
Eagle-Barrett syndrome
Other
Presence of mitrofanoff
Presence of hydronephrosis
Presence of VUR

because they did not have urine
microscopy performed along with the
dipstick. Children with Enterococcus
and Enterobacter species in their
culture using 100 000 CFU/mL as a
cutoff for defining a positive culture
result were more likely not to have
urine microscopy performed than
children with E coli.

DISCUSSION
In children who require CIC for
neurogenic bladder, the growth
of Enterococcus species on urine
culture was associated with lower
odds of both microscopic pyuria and
leukocyte esterase. In contrast, the
growth of P mirabilis was associated
with increased odds of both pyuria
and leukocyte esterase. We also
found that certain etiologies of
neurogenic bladder, such as cloacal
malformations, were associated
with increased odds of pyuria (in the
presence of bacteriuria) compared
with neurogenic bladder due to

Cultures ≥10 000 CFU/mL

Cultures ≥100 000 CFU/mL

Odds of Pyuria

95% CI

Odds of Pyuria

95% CI

Reference
1.69a

—
(1.32–2.16)a

Reference
1.70a

—
(1.29–2.26)a

Reference
1.00
0.93
0.66a
0.95
1.74
1.39
0.86

—
(0.63–1.61)
(0.13–18.60)
(0.47–0.91)a
(0.67–1.36)
(0.93–3.56)
(0.77–2.66)
(0.63–1.17)

Reference
0.86

—
(0.48–1.59)

b

b

0.44a
0.81
2.16a
0.94
0.83

(0.30–0.64)a
(0.54–1.20)
(1.05–5.03)a
(0.53–1.73)
(0.58–1.19)

Reference
0.94
1.22
3.24
1.09
0.98
1.61
0.76a
2.41a
1.01
2.20a

—
(0.63–1.43)
(0.79–1.91)
(0.95–20.28)
(0.71–1.70)
(0.38–3.06)
(0.45–10.28)
(0.59–0.98)a
(1.81–3.24)a
(0.51–2.21)
(1.63–3.24)a

Reference
1.16
1.67a
3.46
1.84a
2.95

—
(0.72–1.92)
(1.02–2.83)a
(0.97–22.16)
(1.04–3.42)a
(1.09–10.3)

b

b

1.02
3.14a
1.22
4.55a

(0.77–1.35)
(2.19–4.63)a
(0.51–3.42)
(3.07–6.98)a

—, not applicable.
a Indicates statistical significance.
b CI unable to be computed because of a small sample size.
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TABLE 3 Association Between Sex, Uropathogen, Etiology of Neurogenic Bladder, and Leukocyte Esterase
Cultures ≥10 000 CFU/mL

Predictors

Sex
Female
Male
Uropathogen
E coli
P aeruginosa
S saprophyticus
Enterococcus species
Klebsiella species
Proteus species
Enterobacter species
Other
Etiology of neurogenic bladder
Myelomeningocele
Anorectal malformation
Tethered cord
Bladder exstrophy
Cloacal malformation
Spinal cord injury
Eagle-Barrett syndrome
Other
Presence of mitrofanoff
Presence of hydronephrosis
Presence of VUR

Cultures ≥100 000 CFU/mL

Odds of Leukocyte
Esterase Greater
Than Trace

95% CI

Odds of Leukocyte
Esterase Greater
Than Trace

95% CI

Reference
1.44a

—
(1.16–1.80)a

Reference
1.33a

—
(1.15–1.80)a

Ref
1.53
1.56
0.63a
0.84
3.14a
1.04
0.97

Ref
(0.97–2.51)
(0.22–31.07)
(0.47–0.86)a
(0.61–1.16)
(1.67–6.60)a
(0.63–1.77)
(0.73–1.28)

—
1.74
0.45a
0.94
3.40a
0.84
1.20

—
(0.96–3.35)
—
(0.31–0.64)a
(0.66–1.34)
(1.68–7.85)a
(0.50–1.42)
(0.86–1.68)

Reference
1.33
1.19
1.03
1.49a
0.41a
1.95
1.19
1.80a
1.06
2.32a

—
(0.92–1.94)
(0.81–1.75)
(0.49–2.41)
(1.01–2.25)a
(0.18–0.97)a
(0.64–8.45)
(0.94–1.50)
(1.40–2.31)a
(0.55–2.17)
(1.77–3.07)a

Reference
1.32
1.53
2.28
1.85a
1.12
2.62
1.11
1.93a
1.23
3.25a

—
(0.86–2.09)
(0.97–2.46)
(0.83–8.06)
(1.10–3.24)a
(0.50–2.62)
(0.47–49.49)
(0.86–1.45)
(1.42–2.66)a
(0.56–3.02)
(2.33–4.62)a

b

—, not applicable.
a Indicates statistical significance.
b Unable to be computed because of a small sample size.

myelomeningocele. Additionally, the
presence of both a mitrofanoff and
VUR was associated with increased
odds of both pyuria and leukocyte
esterase, whereas the presence of
hydronephrosis did not significantly
impact the risk of either of these
outcomes.

Children with neurogenic bladder
who require CIC frequently have
bacteriuria.4 The results of routine
urinalyses are frequently used to
determine if empirical antibiotics are
warranted before the availability of
urine culture results. Although timely
initiation of antibiotics can prevent
the progression of infection and
decrease the risk of renal scars,5
unnecessary antimicrobial agents
contribute to the emergence of
bacterial resistance. In the absence
of more accurate biomarkers of
infection to help antibiotic selection,
understanding the limitations of
the routine urinalysis in predicting
4

specific uropathogens is necessary.
Because screening tests, such as
the urine dipstick, may be used to
determine if a culture is performed, it
is important to realize that the lack of
leukocyte esterase or pyuria may not
be helpful in deciding which urine
samples to culture.
The presence of pyuria in a
general pediatrics population, in
combination with clinical signs and
symptoms, is highly suggestive of
UTI.6 However, pyuria frequently
occurs among children with
neurogenic bladder.7 The authors
of the Infectious Disease Society
of America guidelines for the
diagnosis of catheter-associated
UTI do not consider the presence
of pyuria to be diagnostic of UTI
in patients who require CIC.8
The presence of pyuria in this
population is multifactorial; chronic
inflammation may result from
frequent catheterization9 as well

as from changes in the underlying
genitourinary epithelium. However,
in this cohort, only the presence
of cloacal malformation was
associated with pyuria, suggesting
that this condition has a more robust
response to bacteriuria. Bladder
exstrophy also has an elevated
odds ratio and confidence interval
(CI) close to statistical significance.
However, there were relatively few
cultures from patients with bladder
exstrophy in our cohort, suggesting
a likely association between
bladder exstrophy and pyuria that
we may not have had sufficient
statistical power to detect in this
cohort. Biopsy studies of patients
with bladder exstrophy reveal the
presence of chronic inflammation
in the urothelium already present
at the time of primary closure.9
The pathophysiology underlying
the association of pyuria with
cloacal malformations remains
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to be elucidated. Given that the
urothelium plays a critical role in
the neural control of the bladder,10
a neuroimmunologic etiology may
explain the association between
pyuria and cloacal malformations
(and likely bladder exstrophy)
because defects in epithelial
differentiation have been implicated
in the pathogenesis of cloacal
malformations.11 Regardless of the
etiology of neurogenic bladder,
chronic inflammation in CICdependent children likely confounds
the utility of pyuria to predict either
a positive urine culture result or a
specific uropathogen. Despite this,
enterococcal bacteriuria remains
associated with a decreased risk
of pyuria compared with E coli
while controlling for the etiology of
neurogenic bladder.

In addition to the association
between specific etiologies of
neurogenic bladder and pyuria,
an association exists between
boy sex and pyuria. There are
several possible explanations for
this finding. Olson et al12 have
demonstrated that male mice are
more likely to develop chronic
inflammation and persistent
bacteriuria after UTI compared with
female mice, an association that may
be mediated by androgen exposure.
In addition, there are several
specific etiologies of neurogenic
bladder that are only present in
boys (eg, posterior urethral valves),
or have a male predominance (eg,
Eagle-Barrett syndrome). However,
the number of patients in this
cohort with these conditions were
relatively small and unlikely to have
caused this effect. In addition, no
authors of previous reports have
identified associations of these
syndromes with pyuria. Although
the association between male sex
and pyuria may be due to androgen
exposure, it is possible that
additional unidentified mediators
may contribute to this finding.

The presence of a mitrofanoff and
VUR, but not hydronephrosis, is also
associated with increased odds of
pyuria and leukocyte esterase. The
association between the mitrofanoff
and pyuria is likely explained by the
chronic inflammation associated
with catheterization through a
conduit without urothelium. The
association between VUR and
pyuria is potentially mediated
through an inflammatory response
of the kidney to previous infections;
dimercaptosuccinic acid scans
reveal inflammatory changes in the
kidney up to 6 weeks after UTI in
children with VUR.13 Although there
is a component of inflammation
associated with both the presence
of a mitrofanoff and VUR, that was
not the case for hydronephrosis
(generally not an inflammatory
process) explaining the lack of
association with pyuria we found.
We chose not to add bladder
augmentation into the models in
this work because the majority
of children with a catheterizable
conduit (eg, mitrofanoff) also
undergo bladder augmentation,14
and, therefore, by including both
the presence of mitrofanoff and
bladder augmentation, we would
be introducing collinearity into the
model.

Our results reveal that the growth of
Enterococcus species in urine culture
is associated with a decreased risk of
both pyuria and leukocyte esterase.
However, our data likely represent
an underestimation of the association
with pyuria. A disproportionate
number of cultures with growth of
Enterococcus species did not have
urine microscopy performed on
them because of the lack of leukocyte
esterase and/or nitrites, and were,
therefore, not included in the
regression model for the outcome
of pyuria. Indeed, in our cohort, 255
of the 375 patients (68%) without
leukocyte esterase on urinalysis
who did have urine microscopy
performed on them also lacked

pyuria, suggesting that the majority
of cultures excluded for the lack of
urine microscopy likely also did not
meet the criteria for pyuria. Despite
this potential underestimation, the
association between Enterococcus
species and the absence of pyuria
is present in our cohort, a finding
consistent with previous reports in
the general pediatrics population.1
The authors of a previous report
who investigated the association
with pyuria and uropathogens in
catheter-dependent patients found
that the association between pyuria
and UTI is stronger for Gramnegative bacilli compared with Grampositive cocci (ie, Enterococcus).15
This relationship has not been
fully examined in the children with
neurogenic bladder. The reason
behind the negative association
between Enterococcus species
and pyuria is unclear. Neutrophils
have a critical role in controlling
infections due to Enterococcus
faecalis.16 Mouse models of
catheterization have revealed a
significant increase in neutrophils
in the urine after inoculation with E
faecalis,16 suggesting that blunting
of neutrophil recruitment is not the
mechanism. Lack of concordance
between the known pathophysiology
of enterococcal infections and
our findings suggests additional
aspects relevant to UTI because of
Enterococcus in this population that
have not been identified.
Limitations of our study include
our inability to differentiate
between UTI and asymptomatic
bacteriuria because of the lack of
sufficient clinical information to
make this distinction. No validated
criteria exist to define UTI in this
population.17 In addition, the reason
that the culture was obtained (eg,
for clinical suspicion of UTI versus
routine surveillance) was also not
available, which could have served
as a proxy measure for the presence
or absence of clinical symptoms.
However, our previous work has
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shown that pyuria alone is not a good
predictor of UTI in children with
neurogenic bladder,7 suggesting that
the presence of pyuria may be more
related to the presence of a specific
pathogen rather than indicative of an
infectious state. A second limitation
includes our inability to use a cutoff
of ≥50 000 CFU/mL for defining
a positive urine culture result.
However, our results are largely
the same when a cutoff of ≥100 000
CFU/mL is used as when a cutoff of
≥10 000 CFU/mL is used. Lastly, our
work was retrospective in nature and
limited to 1 center.

CONCLUSIONS
We show that the presence of
Enterococcus species in urine culture
from children with neurogenic
bladders who require CIC is
associated with a lower likelihood
of pyuria compared with E coli,
controlling for sex, race, etiology
of neurogenic bladder, presence
of a mitrofanoff, hydronephrosis,
and VUR. With these results, we
suggest that the current markers
of UTI evidenced on urinalysis and
urine microscopy are insufficient
for predicting bacteriuria in
this population. More specific

biomarkers of UTI are needed in this
unique patient population. In the
symptomatic child at risk for UTI,
urine culture should be performed
irrespective of the results of the
urinalysis.

ABBREVIATIONS
CI: c onfidence interval
CIC: c lean intermittent
catheterization
ICD-9: I nternational Classification
of Diseases, Ninth Revision
UTI: urinary tract infection
VUR: v
 esicoureteral reflux

FUNDING: Dr Forster received research training support from the National Institutes of Health through a National Research Service Award Institutional Training
Grant, T32 Health Resources and Services Administration 09-046 Community for Federal Domestic Assistance 93.186.
POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

REFERENCES
1.	Shaikh N, Shope TR, Hoberman
A, Vigliotti A, Kurs-Lasky M,
Martin JM. Association between
uropathogen and pyuria. Pediatrics.
2016;138(1):e20160087
2.	Schlager TA, Grady R, Mills SE, Hendley
JO. Bladder epithelium is abnormal in
patients with neurogenic bladder due
to myelomeningocele. Spinal Cord.
2004;42(3):163–168

7.	Forster CS, Haslam DB, Jackson
E, Goldstein SL. Utility of a routine
urinalysis in children who require
clean intermittent catheterization.
J Pediatr Urol. 2017;13(5):
488.e1–488.e5

3.	Subcommittee on Urinary Tract
Infection, Steering Committee on
Quality Improvement and Management;
Roberts KB. Urinary tract infection:
clinical practice guideline for the
diagnosis and management of the
initial UTI in febrile infants and
children 2 to 24 months. Pediatrics.
2011;128(3):595–610

8.	Hooton TM, Bradley SF, Cardenas DD,
et al; Infectious Diseases Society of
America. Diagnosis, prevention, and
treatment of catheter-associated
urinary tract infection in adults:
2009 International Clinical Practice
Guidelines from the Infectious
Diseases Society of America. Clin Infect
Dis. 2010;50(5):625–663

4.	Schlager TA, Dilks S, Trudell J, Whittam
TS, Hendley JO. Bacteriuria in children
with neurogenic bladder treated with
intermittent catheterization: natural
history. J Pediatr. 1995;126(3):490–496

9.	Vaidyanathan S, Soni BM, Dundas
S, Krishnan KR. Urethral cytology in
spinal cord injury patients performing
intermittent catheterisation.
Paraplegia. 1994;32(7):493–500

5.	Shaikh N, Mattoo TK, Keren R, et al.
Early antibiotic treatment for pediatric
febrile urinary tract infection and
renal scarring. JAMA Pediatr.
2016;170(9):848–854
6.	Hoberman A, Wald ER, Reynolds
EA, Penchansky L, Charron M. Is

6

urine culture necessary to rule out
urinary tract infection in young
febrile children? Pediatr Infect Dis J.
1996;15(4):304–309

10.	Benarroch EE. Neural control of
the bladder: recent advances and
neurologic implications. Neurology.
2010;75(20):1839–1846
11.	Runck LA, Method A, Bischoff A, et al.
Defining the molecular pathologies
in cloaca malformation: similarities

between mouse and human. Dis Model
Mech. 2014;7(4):483–493
12.	Olson PD, Hruska KA, Hunstad DA.
Androgens enhance male urinary
tract infection severity in a new model.
J Am Soc Nephrol. 2016;27(6):
1625–1634
13.	Szlyk GR, Williams SB, Majd M, Belman
AB, Rushton HG. Incidence of new
renal parenchymal inflammatory
changes following breakthrough
urinary tract infection in patients with
vesicoureteral reflux treated with
antibiotic prophylaxis: evaluation by
99MTechnetium dimercapto-succinic
acid renal scan. J Urol. 2003;
170(4 pt 2):1566–1568; discussion
1568–1569
14.	Godbole P, Wilcox DT. Surgery for
the neuropathic bladder and
incontinence. In: Stringer MD, Oldham
KT, Mouriquand PD, eds. Pediatric
Surgery and Urology: Long-Term
Outcomes. 2nd ed. Cambridge,
UK: Cambridge University Press;
2006:631–642
15.	Tambyah PA, Maki DG. The relationship
between pyuria and infection in
patients with indwelling urinary
catheters: a prospective study
of 761 patients. Arch Intern Med.
2000;160(5):673–677

Downloaded from www.aappublications.org/news by guest on April 17, 2021

FORSTER et al

16.	Guiton PS, Hannan TJ, Ford B, Caparon
MG, Hultgren SJ. Enterococcus
faecalis overcomes foreign bodymediated inflammation to establish

urinary tract infections. Infect Immun.
2013;81(1):329–339
17.	Madden-Fuentes RJ, McNamara ER,
Lloyd JC, et al. Variation in definitions

of urinary tract infections in
spina bifida patients: a systematic
review. Pediatrics. 2013;132(1):
132–139

Downloaded from www.aappublications.org/news by guest on April 17, 2021
PEDIATRICS Volume 141, number 5, May 2018

7

Uropathogens and Pyuria in Children With Neurogenic Bladders
Catherine S. Forster, Nader Shaikh, Alejandro Hoberman and Elizabeth Jackson
Pediatrics 2018;141;
DOI: 10.1542/peds.2017-3006 originally published online April 4, 2018;

Updated Information &
Services

including high resolution figures, can be found at:
http://pediatrics.aappublications.org/content/141/5/e20173006

References

This article cites 16 articles, 7 of which you can access for free at:
http://pediatrics.aappublications.org/content/141/5/e20173006#BIBL

Subspecialty Collections

This article, along with others on similar topics, appears in the
following collection(s):
Urology
http://www.aappublications.org/cgi/collection/urology_sub
Genitourinary Disorders
http://www.aappublications.org/cgi/collection/genitourinary_disorder
s_sub

Permissions & Licensing

Information about reproducing this article in parts (figures, tables) or
in its entirety can be found online at:
http://www.aappublications.org/site/misc/Permissions.xhtml

Reprints

Information about ordering reprints can be found online:
http://www.aappublications.org/site/misc/reprints.xhtml

Downloaded from www.aappublications.org/news by guest on April 17, 2021

Uropathogens and Pyuria in Children With Neurogenic Bladders
Catherine S. Forster, Nader Shaikh, Alejandro Hoberman and Elizabeth Jackson
Pediatrics 2018;141;
DOI: 10.1542/peds.2017-3006 originally published online April 4, 2018;

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://pediatrics.aappublications.org/content/141/5/e20173006

Pediatrics is the official journal of the American Academy of Pediatrics. A monthly publication, it
has been published continuously since 1948. Pediatrics is owned, published, and trademarked by
the American Academy of Pediatrics, 345 Park Avenue, Itasca, Illinois, 60143. Copyright © 2018
by the American Academy of Pediatrics. All rights reserved. Print ISSN: 1073-0397.

Downloaded from www.aappublications.org/news by guest on April 17, 2021

