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Is urine culture necessary to rule out urinary
tract infection in young febrile children?

ALEJANDRO HOBERMAN, MD, ELLEN R. WALD, MD, ELLEN A. REYNOLDS, RN, MS, LILA PENCHANSKY, MD, AND

MARTIN CHARRON, MD

Objective. To determine whether the absence of
pyuria on the enhanced urinalysis can be used to
eliminate the diagnosis of urinary tract infec-
tion, avoiding the need for urine culture and
sparing large health care expenditures.

Design. Results of an enhanced urinalysis (he-
mocytometer counts and interpretation of Gram-
stained smears) performed on uncentrifuged
urine specimens obtained by catheter were cor-
related with urine cultures in young febrile chil-
dren at the Children’s Hospital of Pittsburgh
Emergency Department. In a group of 4253 chil-
dren (95% febrile) less than 2 years of age, pyuria
was defined as =10 white blood cells/mm?, bacte-
riuria as any bacteria on any of 10 oil immersion
fields in a Gram-stained smear and a positive
culture as =50 000 colony-forming units/ml. A
subgroup of 153 children with their first diag-
nosed urinary tract infection were enrolled in a
separate treatment trial, acute phase reactants
(peripheral white blood cell count, erythrocyte
sedimentation rate and C-reactive protein) were
obtained and **Tc-dimercaptosuccinic acid renal
scans were performed.

Results. The presence of either pyuria or bac-
teriuria and the presence of both pyuria and
bacteriuria have the highest sensitivity (95%)
and positive predictive value (85%), respectively,
for identifying positive urine cultures. Because a
white blood cell count in a hemocytometer is the
technically simpler component of the enhanced
urinalysis, we chose to analyze the false negative
results and achievable cost savings of using
pyuria alone as the sole criterion for omitting
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urine cultures. If in this study urine cultures had
been performed only on specimens from children
who had pyuria or were managed presumptively
with antibiotics, cultures of 2600 (61%) speci-
mens would have been avoided. Twenty-two of
212 patients with positive urine cultures would
not have been identified initially. However,
based on interpretation of acute phase reactants,
initial *Tc-dimercaptosuccinic acid scan results,
response to management and incidence of renal
scarring 6 months later, 14 of the 22 patients
most likely had asymptomatic bacteriuria and
fever from another cause. The remaining 8 pa-
tients probably had early urinary tract infection.

Conclusions. The analysis of urine samples ob-
tained by catheter for the presence of significant
pyuria (=10 white blood cells/mm?®) can be used
to guide decisions regarding the need for urine
culture in young febrile children.

INTRODUCTION

Urinary tract infection (UTI) in infants and young
children is an important clinical problem with a prev-
alence of 5.3% among febrile subjects seen at the
Children’s Hospital of Pittsburgh Emergency Depart-
ment (ED) during a 1-year period.! A microscopic
analysis of uncentrifuged urine that includes a leuko-
cyte count and a Gram-stained smear (enhanced uri-
nalysis) provides a high sensitivity and positive predic-
tive value (PPV) for the identification of positive urine
cultures.? Based on data from 2181 urine specimens
obtained by catheter from infants and young children
with fever, UTT is best defined by both: (1) a leukocyte
count of at least 10/mm® and (2) growth of a single
pathogen at a concentration of at least 50 000 colony-
forming units/ml (CFU/ml). These criteria almost al-
ways discriminate true UTI from bacteriuria resulting
from either contamination of the urine specimen or
colonization of the urinary tract (asymptomatic bacte-
riuria).®

During the past 36 months we have used the en-
hanced urinalysis to identify febrile children <24
months old who are eligible for a randomized clinical
trial comparing oral and intravenous antimicrobials for
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treatment of UTL.* The high predictive value of pyuria
and bacteriuria for positive urine culture has permit-
ted the initiation of antimicrobial therapy and the
performance of diagnostic imaging procedures before
availability of urine culture results.’ The current anal-
ysis was designed to determine whether the absence of
pyuria on the enhanced urinalysis can be used to
eliminate the diagnosis of UTI, avoiding the need for
urine culture and sparing large health care expendi-
tures.

METHODS

Subjects. This analysis includes 4253 children <24
months of age seen in the hospital’s ED from Decem-
ber, 1991, through December, 1994, from whom a urine
specimen for urinalysis and culture was obtained by
bladder catheterization. Urine specimens were ob-
tained as part of a diagnostic evaluation of fever from
95% of these children; the remaining 5% of urines were
from neonates undergoing evaluation for sepsis be-
cause of nonspecific symptoms. Of these 4253 patients
153 patients (142 with pyuria and 11 without pyuria)
with their first diagnosed UTI were enrolled in a
separate study of UTI treatment.* The validity of the
microscopic urinalysis for diagnosing UTI and the
criteria for pyuria and bacteriuria have been reported
previously.? 3

Urinalysis. In a certified clinic-based laboratory,
uncentrifuged urine was drawn into a Neubauer hemo-
cytometer by capillary action. White blood cells (WBC)
were counted on one side of the chamber and multi-
plied by 1.1 to obtain a total cell count per mm?®. Pyuria
was defined as at least 10 WBC/mm?. Smears were
prepared using two drops of uncentrifuged urine on a
slide within a standardized marked area 1.5 cm in
diameter, air dried and Gram-stained. Smears were
considered positive when any bacteria were seen on
any of 10 oil immersion fields.

Urine culture. Quantitative urine cultures were
performed in the Children’s Hospital of Pittsburgh
Microbiology Laboratory. A loop calibrated to deliver
approximately 0.001 ml was used to inoculate plates
containing sheep blood agar, Columbia colistin-
nalidixic acid agar and MacConkey agar. All plates
were incubated at 35-37°C and examined at 24 and 48
h for colony count and bacterial identification. A posi-
tive urine culture was defined as growth of a single
pathogen at a concentration of =50 000 CFU/ml. The
estimated cost of urine culture was based on Pennsyl-
vania Blue Cross/Blue Shield reimbursement ($65).

Urinary tract infection. UTI was defined as the
presence of pyuria (=10 WBC/mm?) with growth of a
single pathogen at a concentration of =50 000 CFU/ml.

Laboratory indicators of inflammation/infec-
tion. In addition to the urinalysis and urine culture a
blood specimen was drawn at study entry for acute
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phase reactants from the 153 patients enrolled in the
treatment trial: peripheral white blood cell count
(PWBC); erythrocyte sedimentation rate (ESR); and
C-reactive protein (CRP). For 11 patients who pre-
sented without pyuria a blood specimen (for determi-
nation of acute phase reactants) was obtained when the
initial urine culture became positive, and a repeat
microscopic urinalysis showed sustained absence of an
inflammatory response (pyuria).

Imaging documentation of inflammation/
infection. A **Tc-dimercaptosuccinic acid (DMSA) re-
nal scan was performed within 48 h of study entry (to
ascertain the presence of acute pyelonephritis) and
again at 6 months (to determine the presence of renal
scarring). DMSA was injected intravenously at a dose
based on 5 mCi/1.73 m? body surface area (minimum
dose, 2 mCi). High resolution magnified images of the
kidney were obtained, including posterior and poste-
rior oblique projections using a gamma-camera-
computer system equipped with a pinhole collimator (8
min) and posterior views with a parallel collimator
(400 000 counts) between 3 and 6 h after injection.
DMSA scans were interpreted by a single investigator
who was unaware of clinical events, using a standard-
ized rating scale previously validated for intra- and
interobserver reliability.® Acute pyelonephritis was de-
fined as the presence of (1) focal (single or multiple) or
diffuse areas of decreased uptake of DMSA without
evidence of cortical loss or (2) diffusely decreased
uptake in an enlarged kidney (a less common scintigra-
hic pattern). Renal scarring was defined as (1) de-
creased uptake of the radioisotope associated with loss
of contours or (2) cortical thinning with decreased
volume.

Management. The 142 patients with pyuria and
microscopic bacteriuria at their initial medical encoun-
ter were enrolled in the study of UTI treatment. They
were randomized to receive either oral cefixime or a
combination of intravenous cefotaxime and oral ce-
fixime for a total of 14 days. The 11 febrile patients
without significant pyuria or microscopic bacteriuria,
whose urine cultures were positive the following day,
were also enrolled in the study and followed prospec-
tively. Early in the study management of these pa-
tients was determined by the primary care provider or
the examining resident physician. Seven of the 11
patients were treated with antimicrobials for pre-
sumed UTI (Patients 1, 2, 3, 4 and 6) or acute otitis
media (Patients 7 and 8). The remaining 4 patients
enrolled more recently were not treated. Of the 4253
patients in the current analysis, most (3835) did not
have pyuria at the time of the ED visit and therefore
were not enrolled in the treatment trial. Medical
records of the first 125 patients without pyuria evalu-
ated quarterly during 1994 (total, 500) were reviewed
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to determine the frequency with which antimicrobials
were presumptively prescribed. This assessment was
undertaken because urine culture is recommended to
diagnose definitively UTI in patients treated presump-
tively because antibiotic treatment will preclude sub-
sequent evaluation.

Statistical analysis. Sensitivity, specificity and
positive and negative predictive values (NPV) were
calculated for the presence of pyuria and/or bacteriuria
in the enhanced urinalysis with a positive urine culture
as the validating standard. Relationships between cat-
egorical variables were analyzed by Fisher’s exact test
or the chi square test. Relationships between continu-
ous variables were analyzed by the Wilcoxon rank sum
test. All statistical tests were two tailed.

RESULTS

Urine specimens obtained by catheter were collected
from 4253 children <24 months of age, 95% of whom
were febrile, and included specimens from 2181 chil-
dren reported in a previous study of urinalysis.® The
diagnostic validity, with the urine culture as gold
standard, of the presence of (1) pyuria alone, (2) the
combination of pyuria and bacteriuria and (3) either
pyuria or bacteriuria are presented in Table 1. The
presence of either pyuria or bacteriuria and the pres-
ence of both pyuria and bacteriuria have the highest
sensitivity and PPV, respectively, for identifying posi-
tive urine cultures. Although accurate determination of
WBC/mm3 in uncentrifuged urine specimens is a tech-
nically simple procedure, which can be performed eas-
ily in the office setting (in compliance with current
regulatory requirements), interpretation of a Gram-
stained smear is a more difficult task for the inexperi-
enced individual. Accordingly we chose to analyze the
false negative results and achievable cost savings if
pyuria alone was used as the sole criterion for perform-
ing urine cultures.

Only pyuria present; analysis of 22 patients
without pyuria. If in the course of this study urine
cultures had been performed only on specimens with
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pyuria, cultures of 3857 specimens would have been
avoided. Twenty-two patients without pyuria had pos-
itive urine cultures; their laboratory, imaging and
clinical data are presented in Table 2.

Patients 1 through 15 were part of the UTI treat-
ment trial of 153 children and both acute phase reac-
tants (PWBC, ESR, CRP) and DMSA scans were ob-
tained from them at entry. Analysis of children in the
treatment trial shows that they can be divided into 3
groups according to DMSA scan findings and presence
of pyuria. Eleven of these patients had no pyuria and
normal DMSA scans at entry. The acute phase reac-
tants of these 11 patients were significantly lower
(Table 3) than those of the 114 patients in the trial who
had pyuria and DMSA scan evidence of acute pyelone-
phritis, and the 28 with pyuria but normal DMSA
scans (presumed cystitis), supporting the hypothesis
that these 11 patients had asymptomatic bacteriuria
(ABU).” The absence or low level of pyuria is consistent
with the absence of inflammatory response in colonized
(rather than infected) individuals. In 5 of the 11 pa-
tients with presumed ABU an alternate source for their
fever was identified: 2 with acute otitis media; 2 with
roseola; and 1 with gastroenteritis caused by rotavirus.
Initially patients in this group were treated with anti-
microbials. However, 2 of the 7 patients who received
antimicrobials developed acute pyelonephritis within 3
months. The 4 most recent patients without pyuria
were not treated; their bacteriuria cleared spontane-
ously within 2 weeks and no reinfections have oc-
curred. Ten of the 11 patients with presumed ABU had
follow-up DMSA scans at 6 months, including 3 of the
4 untreated patients; all were normal.

In Patients 12 through 15 a repeat urinalysis within
48 h showed pyuria. This finding suggests that the
initial urinalysis was obtained before development of a
local inflammatory response in children with early
UTI. Six-month follow-up DMSA scans were normal for
all four patients.

The remaining patients (Patients 16 to 22) were not

TABLE 1. Sensitivity, specificity and predictive values of pyuria* (P), pyuria and bacteriuriat (P and B) and pyuria or
bacteriuria (P or B)

Culture- Culture- Culture- Culture- Culture- Culture-

positivet negative positive negative positive negative
P+ 190 206 P and B+ 34 Por B+ 203 300
P- 22 3835 P and B— 4007 Neither P nor B 9 3741

% % %

Sensitivity 89.6 (85.5-93.7)§ 87.7 (83.3-92.2) 95.8 (93.0-98.5)
Specificity 94.9 (94.2-95.6) 99.2(98.9-99.4) 92.6 (91.8-93.4)
PPV 48.0(43.1-52.9) 84.6 (79.8-89.3) 40.4 (36.1-44.6)
NPV 99.4 (99.2-99.7) 99.4(99.1-99.6) 99.8 (99.6-99.9)
Prevalence 4.98 4.98 4.98

* Pyuria defined as =10 white blood cells/mm?.

T Bacteriuria defined as any bacteria on any of 10 oil immersion fields in a Gram-stained smear.
t Culture-positive defined as growth of a single pathogen at a concentration of =50 000 CFU/ml.

§ Numbers in parentheses, 95% confidence interval.
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TABLE 2. Laboratory, imaging and clinical data of patients who presented without pyuria on initial “enhanced urinalysis”

UA UA
Patient (WB?/ Bacteria on Urine Culture (CFU/m]) (Xf(%?niﬁ) (nEfS;{h ) fg}}rlrjl) R%rlsal [I;Jl\r;[tgg VeUG Clinical Data
mm®) Gram stain .
1 9  Present >100 000 Escherichia coli 12.4 28 2.6 nl nl nl iv abx
2 0 None >100 000 E. coli 19.6 20 0.6 nl nl  VUR D) iv abx
3 5 None >100 000 Pseudomonas 16.6 nd nd nl nl nl iv abx
aeruginosa
4 4  Present >100 000 E. coli 8.8 19 2.7 nl nl nl po abx
5 5  Present >100 000 Klebsiella pneumoniae 11 9 0.6 nl nl nl Roseola rash; not treated
6 1  Present 80 000 E. coli 8.5 20 0.6 nl nl nl iv abx (1 day)
7 5  Present >100 000 E. coli 7 24 2.8 nl nl nl po abx for AOM
8 6  None 50 000 E. coli 13.5 8 0.6 nl nl nl po abx for AOM
9 4  None >100 000 E. coli 6.2 4 nd nl nl nl Roseola rash; not treated
10 3  None 65 000 enterococcus 9.6 nd nd nd nl nd Not treated; pyloric
stenosis
11 2  None >100 000 E. coli 6.5 12 0.6 nl nl nl Not treated; gastroenteritis
caused by rotavirus
12 1  Present >100 000 E. coli 8.1 8 0.6 nl nl nl Repeat UA at 24 h 21
WBC/mm?, bacteria
present; po abx
13 0 Present >100 000 E. coli 13.6 10 0.6 nl nl nl Roseola rash, po abx
14 8 None >100 000 E. coli 10.3 30* 9.6* nl APN VUR (II) *Laboratory results at 24
h. UA: 800 WBC/mm?,
bacteria present; PWBC:
20.1; po abx
15 2  Present >100 000 E. coli 131 18 0.8 nl nl nl Afebrile at the time of
initial UA, asymptomatic
for 2 days, at Day 4
febrile, UA: 17
WBC/mm?, 65 000 E. coli
16 1 None >100 000 enterococcus 13.7 nd nd nd nd nd Roseola rash, repeat UA
showed no pyuria; po abx
17 0  None 62 000 K. pneumoniae 11.7 nd nd nd nd nd DTP immunization same
day, iv abx
18 1  Present >100 000 E. coli nd nd nd nl nd nl Gastroenteritis, repeat
specimen; no pyuria and
negative culture; not
treated
19 3 None >100 000 E. coli 18.2 nd nd nd nd nd po abx
20 6  Present >100 000 E. coli 40 nd nd Pelvo- nd VUR (IV) iv abx
caliectasis
21 8  Present >100 000 E. coli 23.9 nd nd nd nd nd iv abx
22 9  Present >100 000 enterococcus 21.2 57 nd nl nd VURJD iv abx

UA, urinalysis; AOM, acute otitis media; VUR, vesicoureteral reflux; DTP, diphtheria-tetanus-pertussis; US, ultrasound; VCUG, voiding cystourethrogram; nd, not done; nl, normal;

Abzx, antibiotics.

part of the treatment trial and thus did not have DMSA
scans or determination of acute phase reactants. Pa-
tients 16 to 18 most likely had asymptomatic bacteri-
uria. Patient 19 was treated with trimethoprim-
sulfamethoxazole by her private pediatrician, had an
uneventful course and had no recurrences within the
following year. Imaging studies were not performed at
the discretion of the primary care provider. Insufficient
data prevent accurate classification of this patient. We
assume she had a true UTI.

Patients 20 to 22, as outlined previously for Patients
12 to 15, probably had early UTI; they were promptly
treated with intravenous antimicrobials.

TABLE 3. Mean acute phase reactants in patients with
positive urine cultures (N = 153)*

Either pyuria (hemocytometer) or bacteriuria
(Gram-stained smear). If results of the Gram-
stained smear were available and criteria for urine
culture included the presence of either pyuria or any
bacteria in the smear, 10 of the 22 previously discussed
patients would not have been identified (Patients 2, 3,
8,9, 10, 11, 14, 16, 17 and 19).

Cost analysis. Table 4 compares two strategies for
screening for UTI in young febrile children without an
identified source of fever. In the method used in this
36-month study, a urine culture was performed on all
4253 specimens at a reimbursable cost of $276 500.
Two hundred twelve cultures were positive. If only the

TABLE 4. Cost considerations when screening for UTI

No. No.

N  PWBC ESR CRP Urine Culture Screened  Positive Cost
Acute pyelonephritis 114 22.4 44.9 10.1 All specimens 4253 212 $276 500
Cystitis 28 14.6 26.8 2.7 Specimens with pyuria 396 190 $ 25750
Asymptomatic bacteriuria 11 11.7 15.3 1.3 Children treated 1257 $ 81705
Total 153 presumptively with
antibiotics

* All comparisons P < 0.05; Wilcoxon rank sum test.
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Only pyuria*
present
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Only bacteria®
present in Gram-
stained smear
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Both pyuria and
bacteria present

Send urine Send urine Send urine
culture culture culture
I
Cutture Positive
Repeat UA at
Culture Culture 24 hrs.
Negative Positive
Pyuria and Only
Bacteria Bacteria None
/ A
Non-specific UTI - Treat Asymptomatic Lrg:?;;?::tl;nden UTI - Treat
pyuria presumptively Bacteriuria Follow cx. results presumptively

* Pyuria defined as >10 white blood cells/mm®

+ Bacteriuria defined as any bacteria per 10 oit immersion fields in a Gram-stained smear

FiG. 1. Algorithm for interpretation of enhanced urinalysis results. UA, enhanced urinalysis; Cx, urine culture.

396 specimens with pyuria had been cultured, 190
patients would have been identified at a reimbursable
cost of $25 750. Of 22 patients who would not have
been cultured, 14 were presumed to have ABU and 8
were presumed to have an early stage of UTI because of
subsequent pyuria on repeat urinalysis, elevated acute
phase reactants or insufficient data. Our review of 500
ED records showed that 1257 (38.6%) of 3257 febrile
children <24 months old who did not have pyuria at
presentation were presumptively managed with anti-
microbials. For those patients treated at the outset a
urine culture is necessary because treatment may
obscure a missed diagnosis of UTI. Accordingly cultur-
ing urine specimens only on patients with pyuria or
those presumptively treated with antimicrobials would
have resulted in expenditures of approximately
$107 500, thereby saving $169 000 by not culturing all
specimens.

DISCUSSION

The evaluation and management of infants and
young children with fever without an apparent source
remain controversial. The virtual disappearance of
invasive disease caused by Haemophilus influenzae
type b after the introduction of conjugate vaccines has
reduced the threat of potentially serious invasive bac-
terial infections in early childhood. UTI, however,
remains the most common serious bacterial illness
among febrile infants and young children and may lead
to permanent renal damage. Published critical path-
ways or practice guidelines appear to be based on data
from the pre H. influenzae type b conjugate vaccine era
and often recommend extensive diagnostic proce-
dures.® Several studies have highlighted the limita-
tions of the standard urinalysis for identifying UTI in

infants and young children and have recommended
performance of both urinalysis and urine culture.  1°
Alternative methods such as dipstick urinalysis, al-
though attractive because of ease of performance, prove
to be inadequate as a screen for UTL3

Hemocytometer WBC counts of an uncentrifuged
urine specimen can be performed in an office- or
hospital-based laboratory with minimal training. Per-
formance of Gram-stained smears, however, is most
appropriate for the hospital-based laboratory. In the
hospital setting where both tests can readily be per-
formed, the PPV of the combination of pyuria and
bacteriuria, 85%, allows prompt institution of antimi-
crobial therapy before culture results are available,
whereas the lower positive predictive value of the
single finding of either pyuria or bacteriuria, 40%,
justifies delaying treatment decisions until culture
results are available. In the office setting where only
hemocytometer counts are likely to be performed, cul-
turing only specimens with pyuria will result in the
identification of almost all patients with true UTIL
Although the urine culture is traditionally regarded as
the gold standard of UTI, positive urine cultures may
occur secondary to contamination or in cases of ABU,
leading to a false diagnosis of UTI.

In this report, if pyuria alone had been used to deter-
mine the need for urine culture, 22 of 212 patients would
not have been initially identified. However, Patients 1 to
11 and 16 to 18 had an initial urinalysis and most had a
repeat urinalysis within 24 h without pyuria. The sus-
tained absence of an inflammatory response constitutes
strong evidence that disease was absent. Results of acute
phase reactants and the absence of renal scarring further
support the likelihood that these patients had ABU. The
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occurrence of bacteriuria without pyuria in 0.5% of urine
specimens in this study is consistent with the 0.6% point
prevalence of ABU reported by Wettergren et al.'* among
3581 infants. Management of this condition remains
controversial; many experts recommend withholding an-
tibiotics because eradication of low virulence organisms
may be followed by colonization with more virulent spe-
cies that cause pyelonephritis.’® '3 Accordingly failure to
identify patients with ABU may be of no consequence. A
reevaluation of the diagnostic validity of pyuria alone for
identifying true UTI results in a sensitivity of 96%, a
specificity of 95%, a PPV of 48% and an NPV of 99.8%.
The remaining 8 patients with early UTI, the true false
negatives, would most likely have been diagnosed within
24 h because of persistent fever.

Figure 1 shows an algorithm for the use of the
enhanced urinalysis. There are several circumstances
in which a urine culture should always be obtained
regardless of urinalysis findings. These include chil-
dren who (1) have had a previous UTI, (2) have abnor-
malities of the urinary tract or (3) will be treated with
antibiotics presumptively. To detect a false negative
urinalysis (one in which the absence of pyuria has been
misleading), the enhanced urinalysis should be re-
peated within 24 to 48 h if there is persistence of fever
without an identified source. This practice will identify
the patient from whom a specimen may have been
obtained so early in the illness that a local inflamma-
tory response had not yet been mounted. For other
children, whose treatment may be guided by results of
the enhanced urinalysis, Figure 1 provides guidelines.

The microscopic evaluation of urine samples ob-
tained by catheter for significant pyuria with or with-
out Gram-stained smears identifies febrile infants and
young children for whom a urine culture is warranted.
It is an easy and inexpensive procedure that can be
performed in the hospital- or office-based laboratory
and allows the primary care provider to accurately
diagnose a serious condition.

ACKNOWLEDGMENTS

This project was supported in part by BRS Grant
SO7RR05507-28 from the Biomedical Research Support Grant

THE PEDIATRIC INFECTIOUS DISEASE JOURNAL 309

Program, Division of Research Resources and the General Clini-
cal Research Center Grant 5M01RR00084, both from the Na-
tional Institutes of Health, Bethesda, MD; and by Lederle/Wyeth-
Ayerst Laboratories. We thank Kenneth D. Rogers, M.D., for his
advice in the design and analysis of this project and in the
preparation of the manuscript. We also thank the Children’s
Hospital of Pittsburgh’s housestaff and staff of the ACC-Stat-Lab
for their invaluable assistance.

REFERENCES

1. Hoberman A, Chao HP, Keller DM, Hickey R, Davis HW,
Ellis D. Prevalence of urinary tract infection in febrile in-
fants. J Pediatr 1993;123:17-23.

2. Hoberman A, Wald ER, Penchansky L, Reynolds EA, Young
S. An enhanced urinalysis as a screening test for urinary
tract infection. Pediatrics 1993;91:1196-9.

3. Hoberman A, Wald ER, Reynolds EA, Penchansky L, Charron
M. Pyuria and bacteriuria in catheterized urine specimens
obtained from young children with fever. J Pediatr 1994;124:
513-9.

4. Hoberman A, Wald ER, Reynolds EA, Charron M. Oral vs.
intravenous therapy for acute pyelonephritis in children 1-24
months [Abstract]. Pediatr Res 1994;35:143A.

5. Hoberman A, Wald ER, Reynolds EA, Charron M, Penchan-
sky L. Cost-effective screening for urinary tract infection
(UTI) in young children with fever [Abstract]. Arch Pediatr
Adolesc Med 1994;148:46.

6. Patel K, Charron M, Hoberman A, Brown ML, Rogers KD.
Intra- and inter-observer variability in interpretation of
DMSA scans using a set of standardized criteria. Pediatr
Radiol 1993;23:506-9.

7. Hoberman A, Hickey R, Wald E, et al. Pyuria as a marker of
infection versus colonization of the urinary tract in febrile
children 1-24 months [Abstract]. Pediatr Res 1995;37:138A.

8. Baraff LJ, Bass JW, Fleisher GR, et al. Practice guidelines for
the management of infants and children 0 to 36 months of age
with fever without source. Ann Emerg Med 1993;22:1198—
209.

9. Kramer MS, Tange SM, Drummond KN, Mills EL. Urine
testing in young febrile children: a risk-benefit analysis. J
Pediatr 1994;125:6-13.

10. Crain EF, Gershel JC. Prevalence of urinary tract infection in
febrile infants younger than 8 weeks of age. Pediatrics
1990;86:363-17.

11. Wettergren B, Jodal U, Jonasson G. Epidemiology of bacte-
riuria during the first year of life. Acta Paediatr Scand
1985;74:925-33.

12. Hansson S, Jodal U, Noren L, Bjure J. Untreated bacteriuria
in asymptomatic girls with renal scarring. Pediatrics 1989;
84:964-8.

13. Wettergren B, Jodal U. Spontaneous clearance of asymptom-
atic bacteriuria in infants. Acta Paediatr Scand 1990;79:
300—4.









