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Results of urinalysis and culture of 2181 urine specimens obtained by catheter
from febrile children aged less than 24 months were analyzed to determine the
following: (1) an optimal cutoff point in considering a bacterial colony count
clinically “significant,” (2) the accuracy of leukocyte esterase and nitrite tests
in identification of pyuria and bacteriuria, and (3) the utility of pyuria (defined
as =10 Ieukocyies/mm3) in the discrimination of urinary tract infection from asymp-
tomatic bacteriuria. Among 140 urine cultures with =10,000 colony-forming units
per milliliter, 92 (84%) had =100,000 CFU/mi, 10 (9%) had 50,000 to 99,000 CFU/
ml, and 8 (7%) had 40,000 to 49,000 CFU/ml. Urine specimens with 1000 to 49,000
CFU/ml were more likely than specimens with =50,000 CFU/mlI to yield Gram-
positive or mixed organisms (36/60 vs 7/409; p <0.001). A count of <10 ieuko-
cytes/mm?® was almost invariably associated with a sterile culture; a count of
>10 leukocytes/mm? was found in 93 of 102 patients with =50,000 CFU/mI. The
dipstick leukocyte esterase test had sensitivities of 52.9% and 66.7% in detect-
ing =10 leukocytes/mm? and =20 leukocytes/mm?3, respectively. The dipstick
nitrite test had a sensitivity of 31.4% in detecting bacteriuria (=50,000 CFU/ml).
Acute pyelonephritis was diagnosed by a renal scan with dimercaptosuccinic
acid labeled with technetium 99m in 50 (77%) of 65 patients with =10 leukocytes/
mm?3 but in none of five patients with <10 leukocytes/mm?3 (p <0.04). The findings
in these five patients were consistent with colonization of the urinary tract rather
than infection. For urine specimens obtained by catheter, we believe that
urinary tract infection is best defined by both a leukocyte count =10/mm? and
a CFU count =50,000/ml. This definition almost always discriminates among true
urinary tract infection, bacteriuria resulting from contamination of the urine
specimen, and asymptomatic bacteriuria. (J PEDIATR 1994;124:513-9)

Supported in part by Biomedical Research Support grant No.
SO7RR05507-28, from the Biomedical Research Support Grant
Program, Division of Research Resources, and by General Clini-
cal Research Center grant No. SMO1RR00084, both from the Na-
tional Institutes of Health, Bethesda, Md.

Submitted for publication July 27, 1993; accepted Oct. 1,
1993.

Reprint requests: Alejandro Hoberman, MD, Department of Pedi-
atrics, University of Pittsburgh School of Medicine, Children’s
Hospital of Pittsburgh, 3705 Fifth Ave. at De Soto St., Pittsburgh,
PA 15213.

Copyright © 1994 by Mosby-Year Book, Inc.
0022-3476/94/$3.00+ 0 9/20/51824

Urinary tract infection is the most common serious bacte-
rial illness among febrile infants and young children, with
a reported prevalence between 4.1% and 7.5%.""* Most in-
fants and toddlers with UTTI are febrile and it is assumed
that they have acute pyelonephritis.’”’

“Significant” bacteriuria in urine culture has been the
sole standard for the diagnosis of UTI. However, limitations
of urine culture include requirement of an incubation period
of 24 hours until availability of results, uncertainty con-
cerning the magnitude of a “significant” bacterial colony
count, and inability to differentiate asymptomatic bacteri-
urta from infection.
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In a previous study we found the.t microscopic urinalysis
of uncentrifuged urine obtained by catheter, with the use of
leukocyte counts performed with a hemocytometer and
Gram-stained smears, resulted in a high sensitivity and
positive predictive value for identification of positive urine
culture results.® This study was undertaken to (1) define
contamination and significant bacteriuria more precisely, in
terms of bacterial colony counts; (2) correlate bacterial

DMSA  Dimercaptosuccinic acid
CFU Colony-forming units
UTI Urinary tract infection

See commentary, p. 589.

colony counts and degree of pyuria; (3) further assess the
validity of microscopic urinalysis for diagnosis of UTT; (4)
assess the accuracy of nonmicroscopic diagnostic tests for
identification of pyuria and positive urine culture resuits;
and (5) determine whether the degree of pyuria discrimi-
nates UTI from asymptomatic bacteriuria.

METHODS

Subjects. All children less than 2 years of age seen in the
emergency department of the Children’s Hospital of Pitts-
burgh (CHP) from December 1991 through August 1993,
from whom a urine specimen for urinalysis and culture was
obtained by bladder catheterization, were eligible for this
study. Urine specimens were obtained from 95% of these
children during a diagnostic evaluation for fever. Results
describing the validity of microscopic urinalysis for diagno-
sis of UTI in the initial 698 patients have been reported.?

Urine culture. Quantitative urine cultures were grown in
the CHP 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° to 37° C and were examined at 24 and 48 hours for
colony count and bacterial identification.

Urinalysis. In a certified clinic-based laboratory, uncen-
trifuged urine was drawn into a Neubauer hemocytometer
by capillary action. Leukocytes were counted on one side of
the chamber and multiplied by 1.1 to obtain a total cell
count per cubic millimeter. Smears were prepared with 2
drops of uncentrifuged urine on a sterile slide within a stan-
dardized marked area of 1.5 cm diameter; the sample was
air dried and Gram stained. The Multistix 10 SG dipstick
(Miles Diagnostics, Elkhart, Ind.) was used to assess the
presence of leukocyte esterase and nitrite. Results of the
leukocyte esterase test (none, trace, small, moderate, or
large) and the nitrite test (positive or negative) were visu-
ally interpreted according to standard color charts.
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Renal scans with DMSA. Seventy patients with UTT di-
agnosed for the first time were enrolled in a separate study
of UTI treatment. These patients had a renal scan within
48 hours of study entry. Dimercaptosuccinic acid labeled
with technetium 99m, prepared within 20 minutes of
administration, was injected intravenously at a dose based
on 5 mCi of ¥™Tc-DMSA per 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 obtained by means of a gamma
camera—computer system equipped with a pinhole collima-
tor (150,000 counts), and posterior views obtained with a
parallel collimator (400,000 counts), between 3 and 6 hours
after injection. The DMSA scans were interpreted by a sin-
gle investigator without knowledge of clinical events ac-
cording to a standardized rating scale previously validated
for intraobserver and interobserver reliability.’

Definitions. Pyuria was defined as the presence of at least
10 leukocytes/mm?. Results of gram-stained smears were
considered positive when any bacteria per 10 oil immersion
fields were observed. Urinalysis results were considered
positive when both pyuria and any bacteria were present.
Cultures with growth of mixed organisms or nonpathogenic
Gram-positive cocci were considered contaminated. Acute
pyelonephritis was defined as the presence of areas of focal
(single or multiple) or diffuse decreased cortical uptake of
DMSA without evidence of cortical loss, or the less common
scintigraphic pattern of diffuse decreased uptake in an en-
larged kidney.

Statistical analysis. The frequency distribution of bacte-
rial colony counts (single and mixed organisms) and of mi-
croscopic leukocyte counts was described, and their associ-
ation was determined. Sensitivity, specificity, and positive
and negative predictive values were calculated for the fol-
lowing: (1) microscopic urinalysis, with a positive urine
culture finding used as the validating standard, (2) dipstick
leukocyte esterase test (results: none vs trace, small, mod-
erate, and large), with both =10 and =20 leukocytes/mm3
as validating standards, and (3) dipstick nitrite test (posi-
tive or negative results), with a positive urine culture find-
ing used as the validating standard. Relations between cat-
egoric variables were analyzed by means of the Fisher Ex-
act Test or the chi-square test. All statistical tests were two
tailed.

RESULTS

Urine specimens obtained by catheter were collected
from 2181 children less than 2 years of age, including 698
specimens from a previous study of urinalysis.®

Bacteriuria and pyuria. The frequency distribution of
bacterial colony counts in cultures of urine specimens
obtained by catheter from young febrile children is pre-
sented in Fig. 1. Low colony counts (10,000 to 49,000
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Fig. 1. Frequency distribution of bacterial colony counts in cultures of urine specimens obtained by catheter from young

children with fever.
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Fig. 2. Receiver-operating characteristic curve of hemoc

eter from young children with fever.

CFU/ml) of single pathogens were uncommon, Among 102
urine cultures with growth of a single pathogen at a
concentration of =50,000 CFU/ml, 92 (90.2%) had
=100,000 CFU/ml. Urine specimens with bacterial colony
counts between 1000 and 49,000 CFU/ml were more likely
to yield Gram-positive or mixed organisms than specimens
with bacterial colony counts = 50,000 CFU/ml (36/60 vs
7/109; p <0.001). Among the 23 urine cultures with growth
at a concentration of 10,000 to 49,000 CFU/ml, single
pathogens were isolated from 8§ cultures (35%), and mixed
or Gram-positive organisms (excluding enterococci) were
isolated from 15 cultures (65%). In contrast, single patho-
gens were recovered from 10 (83%) of 12 cultures with
bacterial counts between 50,000 and 99,000 CFU/ml, and
from92(95%) of 97 cultures with bacterial counts = 100,000
CFU/ml.

A receiver-operating characteristic curve for leukocyte
counts (Fig. 2) was constructed to determine the most ap-

0.3 0.4 1

ytometer leukocyte counts in urine specimens obtained by cath-

propriate cutoff point for identification of urine cultures
with =50,000 CFU/ml. The presence of =10 leukocytes/
mm? appeared to be the most useful value because of its high
sensitivity (91%) and low false-positive rate (3.4%). A lower
cutoff point (5 leukocytes/mm?) had higher sensitivity
(96%) but also had a higher false-positive rate (13%). Con-
versely, a higher cutoff point (15 leukocytes/mm?3) had
lower sensitivity (89%) and a similar false-positive rate
(2.4%). The relation of the degree of pyuria to the bacterial
colony counts is shown in Fig. 3. The presence of fewer than
10leukocytes/mm? was almost invariably associated (1 953/
1978; 98.7%) with a sterile urine culture. In contrast, the
presence of at least 10 leukocytes/mm? was found in 93
(91%) of 102 patients with at least 50,000 CFU/ml of a sin-
gle organism. Fifty-nine patients with =10 leukocytes/mm?
had sterile urine cultures and various diagnoses: fever of un-
known origin (13 patients), otitis media (10), viral syn-
drome (7), pneumonia (6), gastroenteritis (5), bronchopul-
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Fig. 3. Frequency distribution of amount of pyuria according to bacterial cclony counts in cultures of urine obtained by
catheter from young children with fever WBC, white blood cells.

Table. Sensitivity, specificity, positive predictive value,
and negative predictive value of =10 leukocytes/mm?,
presence of bacteria in a gram-stained smear, and their
combination in identifying positive urine cultures
(=50,000 CFU/ml)

Sensitivity Specificity PPV NPV

Criteria (%) (%) (B (%)
=10 WBC/mm? 91.2 96.5 564 99.6
Any bacteria 93.1 96.6 572 997
=10 WBC/mm? 89.2 99.4 88.3 99.5

and any bacteria

PPV, Positive predictive value; NPV, negative predictive value; WBC, white
blood cells.
N = 2181.

monary dysplasia (3), pyloric stenosis (2), upper respiratory
tract infection (2), and bronchiolitis, herpangina, Kawasaki
syndrome, bacteremia, scarlet fever, aseptic meningitis,
perirectal abscess, impetigo, vulvovaginitis, burn, and con-
junectivitis in one patient each. Mixed organisms or Gram-
positive cocci (excluding enterococci), regarded as contam-
inants, were isolated from a significantly higher proportion
of urine specimens with <10 leukocytes/mm3 (38/63,60%)
compared with specimens with =10 leukocytes/mm? (5/
106, 4.7%) (p <0.001).

Validity of microscopic urinalysis. Sensitivities, specific-
ities, positive predictive values, and negative predictive val-
ues of (1) =10 leukocytes/mm?3, (2) presence of any bac-
teria in a Gram-stained smear, and (3) =10 leukocytes/

mm? and presence of any bacteria, in detecting urine
cultures with =50,000 CFU/ml, are presented in the Ta-
ble. The presence of each of the two components of the mi-
croscopic urinalysis used in this study—=10 leukocytes/
mm?3 or any bacteria in a Gram-stained smear—had both
high sensitivity and high specificity in detecting urine cul-
tures with positive results. However, each of these compo-
nents alone had limited usefulness in guiding management
because of the relatively low positive predictive value.
However, when combined, determinations of pyuria and
bacteriuria constituted the most accurate screening test in
detecting urine cultures with =50,000 CFU/ml. Results of
the initial 698 and the additional 1483 specimens were al-
most identical.

Dipstick leukocyte esterase and nitrite tests. Urine spec-
imens obtained by catheter from 1230 infants and young
children were assessed for dipstick leukocyte esterase. A
positive test result had a sensitivity of 52.9% in detecting the
presence of =10 leukocytes/ mm? and a positive predictive
value of 82.1%. When the validating standard value was
doubled to =20 leukocytes/mm?, the sensitivity increased
t0 66.7% and the positive predictive value decreased to 75%.
Dipstick determination of nitrite in 1241 specimens showed
a sensitivity of 31.4% in identifying young children with
urine cultures that contained =50,000 CFU/ml.

Pyuria as an indicator of urinary tract infection. The
method and criteria for urinalysis described in this report
resulted in 11 (of 2181) false-negative UTI identifications,
that is, identifications of children with negative urinalysis
results (no bacteria and/or fewer than 10 leukocytes/mm?)
and a urine culture with =>50,000 CFU/ml. Nine of the
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eleven children had either no pyuria or fewer than 10 leu-
kocytes/mm? but cultures with =50,000 CFU/ml. Of these
nine children, six had renal scintigraphy performed. At the
time of the scan, pyuria had developed in one child (>100
leukocytes/mm?); the others did not have pyuria. Scans of
the five patients without pyuria were compared with scans
of 65 patients who had both a positive urine culture result
and pyuria of at least 10 leukocytes/mm?. All 5 patients
without pyuria had normal scans compared with 50 (77%)
of the 65 patients with =10 leukocytes/mm?, whose DMSA
scan findings were consistent with the presence of acute
pyelonephritis (p <0.01).

DISCUSSION

Bacteriuria can arise from contamination of a urine
specimen, colonization of the urinary tract (asymptomatic
bacteriuria), or UTI. On the basis of quantitative cultures
of urine specimens obtained by catheter from women with
symptoms compatible with acute pyelonephritis (chills,
flank pain, and dysuria) and from randomly selected,
symptom-free women, Kass'? reported that bacterial colony
counts divided women into two groups: women with acute
pyelonephritis had cultures with bacterial counts primarily
=100,000 CFU/ml (almost always common urinary tract
pathogens), and symptom-free women had bacterial counts
primarily between 0 and 10,000 CFU/ml (usually common
saprophytes of the urinary tract and occasionally common
urinary tract pathogens). Only small numbers (1%) of
women in the groups with and those without symptoms had
cultures with bacterial counts between 10,000 and 100,000
CFU/ml. When the counts were repeated with the use of a
first morning specimen of urine, the distinction between
contamination and bacteriuria was readily made. On the
basis of these data, Kass designated a bacterial culture
count of =100,000 CFU/ml as the dividing line between
true bacteriuria and contamination.

In febrile infants and children the growth of a single or-
ganism at a concentration of at least 10,000 CFU/ml from
a urine specimen obtained by catheter has been considered
diagnostic of UTIL.!! However, the frequency distribution of
bacterial colony counts and the prevalence and significance
of low colony bacterial counts (1,000 to 49,000 CFU/ml)
have not been reported. In this study, among the 110 febrile
children aged less than 24 months with growth of single or-
ganisms at a concentration =10,000 CFU/ml, 102 (93%)
had =50,000 CFU/ml and 92 (84%) had =100,000
CFU/ml. These results in young children are similar to ob-
servations made in adult women with acute pyelonephritis
by Kass'®30 years ago (i.e., that low colony bacterial counts
are uncommon). In addition, the change in the proportion
of “false” positive cultures (most commonly mixed orga-
nisms, and less commonly saprophytes) to “true” positive
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cultures (common urinary tract pathogens) occurred at
50,000 CFU/ml. Mixed organisms and Gram-positive or-
ganisms (excluding enterococci) were isolated from 65% of
urine cultures with growth of 10,000 to 49,000 CFU/ml,
17% of cultures with 50,000 to 99,000 CFU/ml, and 5% of
cultures with =100,000 CFU/ml. These findings form the
basis for our conclusion that bacterial colony counts of
=50,000 CFU/ml best identify “significant” bacteriuria in
evaluations of urine specimens obtained by catheter from
young febrile children. Counts less than 50,000 CFU/ml
are likely to represent contamination in the majority of in-
stances. Bacterial colony counts may fall below the range
that is most characteristic of infections when (1) an antimi-
crobial agent is present in the urine, (2) there is a rapid rate
of urine flow and reduced bladder incubation time, and (3)
obstruction of the ureter interferes with discharge of bac-
teria into the bladder. Accordingly, when patients with
bacterial colony counts between 10,000 and 49,000 CFU/ml
have persistent symptoms, the urine culture should be
repeated and management individualized.

The diagnostic accuracy and the interpretation of micro-
scopic urinalysis are influenced by the preparation of the
specimen (centrifuged vs uncentrifuged, stained vs un-
stained), the method of quantifying and reporting leuko-
cytes and bacteria (per microscopic high-power field vs per
cubic millimeter), and the criteria used to define pyuria and
bacteriuria. Stamm!2 defined pyuria as the presence of =10
leukocytes/mm? in uncentrifuged urine. This definition
proved to be very sensitive in adults, identifying 96% of pa-
tients with bacterial colony counts of >1000 CFU/ml. In
our study of urine specimens obtained by catheter from
young febrile children, patients with pyuria <10 leuko-
cytes/mm? almost invariably had sterile urine cultures, and
patients with pyuria of at least 10 leukocytes/mm” had ei-
ther sterile cultures—pyuria representing a nonspecific
finding in febrile children—or positive culture results, usu-
ally with bacterial colony counts of =50,000 CFU/ml. The
combination of hemocytometer leukocyte counts and bac-
teria in a Gram-stained smear provided specificity and high
positive predictive value for identifying patients with UTL.

Dipstick leukocyte esterase and nitrite tests are com-
monly used to identify pediatric patients with positive urine
culture results. Some studies have suggested that the rou-
tine use of dipstick tests could result in substantial cost sav-
ings by decreasing the need for the more expensive micro-
scopic urinalysis and culture.!3'® However, other studies
have found dipstick tests less accurate than microscopic ex-
amination in identifying patients with positive urine culture
results.'”?%, Our finding of low sensitivity of the dipstick
leukocyte esterase test for pyuria in young febrile children
differs from reports in adult women. Kunin et al.?% recently
demonstrated sensitivities for the leukocyte esterase test of
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79.7% and 92.5% for hemocytometer counts of =10 leuko-
cytes/mm> and =20 leukocytes/mm?, respectively. The
differences between findings in adult women and in young
children may be related to the degree of pyuria, the enzyme
content of immature leukocytes, or both. The finding of low
sensitivity of dipstick nitrite testing among young febrile
children, contrary to findings in adults, may be the result of
the use of random urine specimens obtained by catheter
rather than first morning voids, which are usually recom-
mended for adults. Bacteria must be in the bladder for a
sufficient time to produce the nitrite that yields a positive
test result. The low sensitivity of the dipstick leukocyte es-
terase and nitrite tests in identification of young febrile
children with pyuria and positive urine culture findings, re-
spectively, underscores the need to perform the more labor-
intensive but significantly more accurate microscopic uri-
nalysis and urine culture to diagnose UTI. Among the pa-
tients whom we studied, use of a sequential approach in
which only leukocyte esterase—positive specimens were ex-
amined microscopically and subsequently cultured would
have resulted in missing 78 of 165 patients with pyuria of
at least 10 leukocytes/mm’.

The DMSA renal scans are currently considered the most
sensitive measure of upper urinary tract inflammation. In
animals, DMSA scans performed immediately before the
animals were killed had a sensitivity of 87% and a specific-
ity of 100% in the detection of experimentally induced acute
pyelonephritis.2! In children Jakobsson et al.? reported a
sensitivity of 92% for DMSA scans during acute UTI, and
Rushton et al.23 reported that of 94 children hospitalized
with a diagnosis of febrile UTI, 62 patients (66%) had ini-
tial DMSA scan findings of acute pyelonephritis. Our use
of a pinhole collimator and a computer with a high-resolu-
tion video screen for performing DMSA scans is likely to
enhance the sensitivity of the test. However, DMSA scans
do not identify infection limited to the lower urinary tract
(cystitis). Accordingly, febrile young children with pyuria
and a positive urine culture finding but normal DMSA re-
nal scans may have lower UTIs.

We found 11 children to have a negative urinalysis result
(<10 leukocytes/mm? and/or no bacteria on Gram-stained
smears), but a positive urine culture finding (=50,000
CFU/ml). These children have either false-negative labo-
ratory data or asymptomatic bacteriuria and fever from
another source. The absence or low level of pyuria in 9 of
11 patients was consistent with the absence of inflammatory
response in colonized (rather than infected) individuals.
The negative DMSA scan findings in the five patients with-
out pyuria for whom scans were available also are most
consistent with minimal or absent inflammation of the up-
per urinary tract. Accordingly, our finding that most (77%)
of the patients with positive culture findings and positive
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urinalysis results had DMSA scan findings consistent with
acute pyelonephritis, whereas all five patients with positive
culture findings and negative urinalysis results had normal
scan findings, suggests that these two groups probably rep-
resent different conditions. If the point prevalence of
asymptomatic bacteriuria of 0.6%, reported by Wetter-
green et al.?% in a survey of 3581 infants, prevailed in the
2181 children in our study, asymptomatic bacteriuria inci-
dental to—but not the cause of—febrile illness would have
been present in 13 patients.

The management of children with asymptomatic bacte-
riuria is controversial. Antimicrobial treatment may have
no effect on the emergence of symptoms or on kidney func-
tion, kidney growth, or the progression of scarring. Fur-
thermore, eradication of low-virulence organisms may be
followed by recolonization with more virulent bacterial
species and may precipitate acute pyelonephritis.?> 26 Drug
side effects and nosocomial infections may represent further
risks for patients with asymptomatic bacteriuria.

We conclude that when urinalysis of specimens obtained
by catheter from young febrile children is performed with
hemocytometer counts and Gram-stained smears, UTI is
best defined by the presence of =10 leukocytes/mm3 and
cultures with growth of =50,000 CFU/ml. This definition
almost invariably discriminates true UTI from bacteriuria
resulting from contamination or colonization. The high
positive predictive value (88.3%) of a positive urinalysis re-
sult should encourage prompt institution of therapy with
antimicrobial agents. In febrile children in whom bacteri-
uria is not associated with pyuria, the source of the fever is
not likely to be UTI.
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in the design and analysis of this project and in preparation of the
manuscript. We also thank the house staff of Children’s Hospital
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REFERENCES

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

2. Roberts KB, Charney E, Sweren RJ, et al. Urinary tract
infection in infants with unexplained fever: a collaborative
study. J PEDIATR 1983;103:864-7.

3. Bauchner H, Philipp B, Dashefsky B, Klein JO. Prevalence of
bacteriuria in febrile children. Pediatr Infect Dis J 1987,6:239-
42.

4. Crain EF, Gershel JC. Prevalence of urinary tract infection in
febrile infants younger than 8 weeks of age. Pediatrics 1990;
86:363-7.

5. Winberg J, Bollgren I, Kallenius G, et al. Clinical pyelone-
phritis and focal renal scarring. A selected review of patho-
genesis, prevention and prognosis. Pediatr Clin North Am
1982;29:801-14.



The Journal of Pediatrics
Volume 124, Number 4

6.

16.

Winberg J, Andersen HJ, Bergstrom T, Jacobsson B, Larson
H, Lincoln K. Epidemiology of symptomatic urinary tract in-
fection in childhood. Acta Paediatr (Suppl)1974;252:1-20.

. Jodal U. The natural history of bacteriuria in childhood. Infect

Dis Clin North Am 1987;1:713-29.

. 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.

. Patel K, Charron M, Brown ML, Rogers KD, Hoberman A,

Bellinger MF. Intra- and inter-observer variability for a stan-
dardized rating scale for DMSA renal scans. Pediatr Radiol (in
press).

. Kass EH. Asymptomatic infections of the urinary tract. Trans

Assoc Am Physicians 1956;69:56-64.

. Hellerstein S. Recurrent urinary tract infection in children.

Pediatr Infect Dis 1982;1:271-81.

. Stamm WE. Measurement of pyuria and its relation to bacte-

riuria. Am J Med 1983;75:53-8.

. Wenz B, Lampasso JA. Eliminating unnecessary urine mi-

croscopy: results and performance characteristics of an algo-
rithm based on chemical reagent strip testing. Am J Clin
Pathol 1989;92:78-81.

. Oneson R, Groschel DHM. Leukocyte esterase activity and

nitrite test as a rapid screen for significant bacteriuria. Am J
Clin Pathol 1985;83:84-7.

. Shaw KN, Hexter D, McGowan KL, Sanford Schwartz J.

Clinical evaluation of a rapid screening test for urinary tract
infections in children. J PEDIATR 1991;118:733-6.
Goldsmith BM, Compos JM. Comparison of urine dipstick,
microscopy, and culture for the detection of bacteriuria in
children. Clin Pediatr 1989;29:214-8.

. Morrison MC, Lum G. Dipstick testing of urine: Can it replace

urine microscopy? Am J Clin Pathol 1986;85:590-4.

18.

19.

20.

20a.

21

22.

23.

24,

25.

26.

Hoberman et al. 519

Doern GV, Saubolle MA, Sewell DL. Screening for bacteriuria
with the LN strip test. Diagn Microbiol Infect Dis 1986;
4:355-8.
Males BM, Bartholomew WR, Amsterdam D. J Clin Micro-
biol 1985;22:531-4.
Wilkins EGL, Ratcliffe JG, Roberts C. Leukocyte esterase—
nitrite screening method for pyuria and bacteriuria. J Clin
Pathol 1985;38:1342-5.
Kunin CM, Vanarsdale White L, Hua Hua T. A reassessment
of the importance of “low-count” bacteriuria in young women
with acute urinary symptoms. Ann Intern Med 1993;119:454-
60.
Rushton HG, Majd M, Chandra R, Vim D. Evaluation of
99Technetium-dimercaptosuccinic acid renal scans in experi-
mental acute pyelonephritis in piglets. J Urol 1988;140:1169-
74.
Jakobsson B, Nolstedt L, Svensson L, Soderlundh S, Berg U.
99mTechnetium-dimercaptosuccinic acid scan in the diagnosis
of acute pyelonephritis in children: relation to clinical and ra-
diological findings. Pediatr Nephrol 1992;6:328-34.
Rushton HG, Majd M, Jantausch B, Wiedermann BL, Belman
AB. Renal scarring following reflux and nonreflux pyelone-
phritis in children: evaluation with **Technetium~dimercap-
tosuccinic acid scintigraphy. J Urol 1992;147:1327-32.
Wettergreen B, Jodal U, Jonasson G. Epidemiology of bacte-
riuria during the first year of life. Acta Paediatr Scand
1985;74:925-33.
Hansson S, Jodal U, Noren L, Bjure J. Untreated bacteriuria
in asymptomatic girls with renal scarring. Pediatrics 1989;
84:964-8.
Wettergren B, Jodal U. Spontaneous clearance of asymptom-
atic bacteriuria in infants. Acta Paediatr Scand 1990;79:300-4.



	1
	2
	3
	4
	5
	6
	7

