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ABSTRACT

Objective: To evaluate the predictive values of screening
parameters which would be useful in identifying urine
samples that would yield positive results on culture.
Design: Prospective study

Setting: Out patients’ clinic, Farwaniya Hospital, Kuwait
Subjects: A total of 7951 urine samples received in the
department of microbiology over a period of three
months were chosen for the study.

Main Outcome Measures: The predictive values of the
screening parameters which would be useful in
identifying urine samples that would yield significant
growth in culture were analyzed.

Results: Mid-stream urine samples from all age groups
analyzed with a combination of leucocyte esterase and
nitrite test with either pH or protein assay had a negative

predictive value of 100% and a specificity of 100% related
to the outcome of bacterial culture. However, the
analytical parameters taken singly or in combination
showed good predictive values in some age groups only.
Substantial savings were realized when unnecessary
urine cultures were avoided.

Conclusions: Screening tests are not only useful in providing
a rapid indication of presence of urinary pathogens, but
also help cut costs of unnecessary cultures and processing
of urine samples. A high negative predictive value with a
high sensitivity of a combination of leucocytes and nitrite
with either protein or pH assay is useful in identifying
cases that are not UTIs. The predictive values of screening
parameters also help in identifying those patients who
may be placed on empiric antibiotic therapy.

KEY WORDS: negative predictive value, positive predictive value, sensitivity, significant bacteriuria, specificity, urinary tract
infection

INTRODUCTION

Semi-quantitative urine cultures are done to
conclusively diagnose urinary tract infections
(UTIs), to isolate, identify bacterial pathogens and
perform antimicrobial susceptibility testing. The
time and the cost involved in such processing is
substantial and it is imperative that truly
representative mid-stream urine samples are
collected from clinically identifiable cases in order
to lower the financial burden of diagnostic
laboratories. UTIs are among the most common
bacterial infections encountered in clinical
practice. Urine analyses are by far the commonest
and the most frequently requested tests by
clinicians, as an aid to diagnosis of UTI%. As many
as 60 to 80% of all urine samples received for
culture in medical center laboratories contain no
etiological agents of infection or contain only
contaminantst¥. Microbiology laboratories apply
screening assays to identify urine samples that are
suitable for culture. These screening methods are
insensitive when the bacterial counts are less than
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105 CFU/ml and so are not used to screen out urine
samples obtained by catheterization, suprapubic
aspiration or by cystoscopy™. The objectives of this
study were to evaluate the screening criteria
applied to urine samples sent to the laboratory for
routine examination and/or bacterial culture and
assess the predictive values of combination of these
criteria in various age groups like adults, pediatrics
and neonates. Additionally, the utility of the
predictive values of these screening criteria in
suggesting empiric therapy for clinical cases of
urinary tract infections (UTI) is dealt upon.

SUBJECTS AND METHODS

Patients attending the out-patient clinics and
admitted patients undergoing investigation for
urinary tract infections in Farwaniya Hospital are
usually asked to submit mid-stream urine samples
for urine analysis and culture. A total of 3821 urine
samples were submitted to the microbiology
department for routine examination while 3159
mid-stream urine samples were submitted for
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Table 1: Screening criteria for urine samples designated
suitable for culture®

Table 2: Standard growth and processing criteria for interpretation of
culture plates®

a. All mid-stream urine samples from pregnant women,
irrespective of screen results

b. All samples from children less than three years of age

. Urine samples obtained by catheterization, suprapubic
aspiration or cystoscopy

. Clinical cases of urinary tract obstruction

. Follow-up after removal of an indwelling catheter
Follow-up after a previous therapy for proven UTI

. Presence of one or more of these five parameters: Alkaline
pH, leucocytes 3 100/m (2+), positive nitrite test, protein 3 2+
or erythrocytes 3 500/m (3+)

o

Q o Qo

analysis and bacterial culture, both over a period of
three months from August to October 2005.
Requests for bacterial culture had been made to
rule out cystitis or lower urinary tract infection
(UTI), pyelonephritis, as a routine in pregnant women
and from catheterized patients. Urine samples from
pregnant women were sent for analysis during
their ante-natal visits or if the patient had
symptoms of UTI. All urine samples of pregnant
women were processed for detection of significant
bacteriuria irrespective of the screening results.
Urine samples were processed immediately on
arrival by performing a semi-quantitative urinalysis
using COMBUR® TEST® (Roche Diagnostics GmbH,
Germany), a 10-parameter assay on a MIDITRON®
M (Roche Diagnostics GmbH, Germany), followed
by microscopy of uncentrifuged urine for
evaluation of leucocytes. Quality control of the
instrument and strips was performed daily as part
of the standard laboratory practices. Out of the 3821
urine samples received for routine examination
only, samples which were found to conform to the
screening criteria (Table 1) were processed further
by culture; provided the urine sample was
submitted in a sterile container. Urine samples
submitted for culture conforming to any of the
screening criteria (Table 1) were also processed for
bacterial culture using standard methodology* and
identification along with antimicrobial susceptibility
was done once the standard growth criteria (Table
2) were fulfilled. All mid-stream urine samples that
were screened and excluded from being processed
for bacterial culture were reported as “Culture Not
Recommended” (CNR). Clinicians were aware of
this method of reporting CNR and this was applied
to urine samples submitted for bacterial culture
excepting those that fulfilled the screening criteria
(Table 1). However, urine samples submitted for
routine exam alone were processed as such without
a CNR comment. Mid-stream urine samples from
pregnant women were cultured irrespective of the
screening results. Processed samples showing no
growth after 24 hours incubation at 37° C were

Result Specimen Type or

Clinical Condition

Workup

3 104 CFU/ml of asingle CCMS Urine/pyelonephritis, CwW
potential pathogen or acute cystitis, asymptomatic

for each of two potential bacteriuria or catheterized

pathogens urines

3.10° CFU/ml of asingle  CCMS urine/symptomatic cw
potential pathogen males or catheterized urine
or acute urethral syndrome

3 Three organism types
with no predominating
organism

CCMS or catheterized urine Possible specimen
contamination Repeat
specimen requested

CW for the
predominant organism

Two or three organism ~ CCMS Urine

types with predominant

growth of one type and and description of the
< 10* CFU/ml of the others.
other type(s)

3102 CFU/ml of any
number of organism
types (Culture setup
with a 0.001 or 0.01 ml
calibrated loop)

Suprapubic aspirates or CwW
surgically obtained urine
specimens (like ileal

conduits and cystoscopy)

CFU = Colony Forming Units, CCMS = Clean-Catch Mid Stream, CW = Complete Workup
including bacterial identification and antibiotic sensitivity, Predominant growth = 10¢ - 3 10°
CFU/mlI
reported as “No growths” while samples showing
mixture of organisms were reported as ‘“contaminated”
(Table 2). Significant growth in culture plates as
determined by standard criteria™ were processed
on VITEK-2 (bio-Me_rieux SA, France) for both
identification and antimicrobial susceptibility.

Data was collected for all the samples
prospectively for three months and analyzed using
Microsoft FoxPro® for MS-DOS® (Version 2.6).

RESULTS

A total of 7951 samples were submitted for
routine examination and / or bacterial culture over
a period of three months. Out of the 3821 samples
submitted for routine examination, 400 urine
samples (10.5%) received in sterile containers and
conforming to the screening criteria were processed
for identification of significant bacteriuria by
culture. 2759 of the 4130 mid-stream samples
(66.8%) submitted for bacterial culture were
decided suitable for processing, while a total of
1371 samples (33.2%) were reported as CNR. Out of
the total 3159 samples that were cultured, 905
samples (28.7%) were found positive for significant
bacteriuria, while 1960 samples (62%) were
reported as “no growths” and 294 samples (9.3%)
were reported as “contaminated”. Among the 400
samples cultured from the routine group, 312 (78%)
showed no growth, 54 (13.5%) were positive for
significant bacteriuria and 34 samples (8.5%)
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Table 3: Results of the urine cultures - group-wise breakup (%)

Culture  No growths Mixed Total
positives growths
n (%) n (%) n (%) n (%)

Adult males 73(17.3) 339 (80.5) 91  421(133)
*Adult females 334 (28.1) 686 (57.8) 167 (14.1) 1187 (37.6)
Pregnant women 155 (27.3) 361 (63.7) 51 (9) 567 (17.9)
Pediatrics (males) 58 (29) 134 (67) 8 (4) 200 (6.3)
Pediatrics (females) 242 (39.9) 324 (53.4) 40 (6.6) 606 (19.2)
Neonates (males) 24 (28.2) 56 (65.9) 5 (5.9) 85 (2.7)
Neonates (females) 19 (20.4) 60 (64.5) 14 (15) 93(2.9)
Total 905 (28.7) 1960 (62) 294 (9.3) 3159

*The category “Adult Females” include only non-pregnant women

showed mixed growth. A total of 567 samples of
urine (17.9% of all cultures) were from pregnant
women attending the antenatal clinic or admitted
in the hospital. Among these, 155 samples (27.3%)
showed significant bacteriuria while 350 samples
(61.7%) had one or more of the screening
parameters positive.

The group-wise breakup of the results of culture
is depicted in Table 3. Results of samples from
adults have been categorized to pregnant women
and a group comprising of adult males and non-pregnant
women (henceforth referred to comprehensively as
“adults”). A total of five parameters and 25
combinations of these were evaluated against a
positive culture separately in samples obtained
from adults, pregnant women, pediatric and
neonatal cases. The positive predictive value (PPV),
negative predictive value (NPV), sensitivity and
specificity of the various parameters and their
combinations with respect to positive culture
results are depicted in Table 4. Taking only the five
parameters into consideration, the PPV ranged
from zero for protein in neonates to 83.3% for nitrite
in pediatric cases, while the NPV ranged from 28%
for leucocytes in neonates to 96% for leucocytes in
pediatric cases. The various combinations analyzed
showed a diverse range of values and consensus
among the combinations or parameters taken alone
was difficult to show between the four groups.
However, the combination of pH and nitrite showed
a PPV of 100% in all groups except pregnant women
and specificity of 100% for all the four groups.
Considering only the results of urine samples in
pregnant women, the PPV of the screening
parameters was 45% with a specificity of 96%.

Out of the 905 positive cultures, members of the
family Enterobacteriaeceae accounted for 76.35% of
all isolates with 550 isolates of Escherichia coli and
105 isolates of Klebsiella pneumoniae. A total of 36
samples showed growth of a second organism. A
total of 23 strains (4.2%) of extended spectrum b-

Table 4: Positive and negative predictive values of the screening
parameters in relation to bacterial culture results (%)

Patients Category PPV NPV Sensitivity Specificity
Samples from adult patients PPV NPV Sensitivity Specificity
pH 1.9 87 114 87.5
Leucocytes 314 62 65 62
Nitrite 741 87 244 9.3
pH + Nitrite 100 87 16 100
pH + Leucocytes + Nitrite + Protein
+ Erythrocytes 87 99.5
Leucocytes + Erythrocytes + Nitrite  90.6 87 319 99.3
Samples from pediatric patients
Nitrite 833 745 135 9.9
Leucocytes 57.1 9% 429 9%
Protein 50 745 1.03 99.6
pH + Nitrite 100 745 2.04 100
Leucocytes + Erythrocytes + Nitrite 923 745 111 99.6
Leucocytes + Erythrocytes + pH +
Protein 100 745 1.03 100
Erythrocytes + Leucocytes + Protein 80 745 7.7 9.3
Samples from neonates
Leucocytes 55.6 28 15.2 28
Nitrite 75.4 100
Leucocytes + Nitrite 100 246 35 326
Leucocytes + Nitrite + Erythrocytes
+pH 100 754 35 100
pH + Nitrite 100 754 35 100
Leucocytes + Nitrite + Erythrocytes
+Protein 100 754 35 100
Samples from pregnant women
pH 18 87 5.6 916
Leucocytes 32.2 34 59 34
Nitrite 857 827 26 9.8
pH + Nitrite 82.7 100
Leucocytes + Nitrite 769 173 227 20.5
pH + Leucocytes + Nitrite +
Erythrocytes + Protein 82.7 100
Note:

a. The category “adult patients” includes all adult males and non-pregnant
adult women.

b. Results of other parameters and their combinations are not depicted for
lack of space.

c. PPV = Positive Predictive Value, NPV = Negative Predictive Value

lactamase (ESBL) producing E. coli were isolated.
ESBL production was confirmed by testing the
isolates with Etest TZ/TZLand CT/CTLstrips (AB
BIODISK, Solna, Sweden) according to standardized
procedures. The details are depicted in Table 5.

DISCUSSION

Screening assays in urinalysis play a very
important role in preliminary identification of cases
of lower urinary tract infection or of pyelonephritis
in both adults and children so that empiric
antimicrobial therapy is started early in the course
of disease thereby limiting morbidity. Even a brief
delay in instituting therapy in children below two
years is known to cause permanent renal scarring
and thus a reliable indicator of urinary tract
infection is needed®. However, the concept of
screening using rapid assays is controversial in
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Table 5: Isolates in bacterial culture (%)

Adults  Pregnant Pediatric Neonates Total
women  cases
n n n n n (%)

Escherichia coli 229 71 232 18 550(60.8)
Klebsiella pneumoniae 58 22 10 15 105 (11.6)
Enterobacter spp. 7 3 8 0 18 (2.0)
Pseudomonas aeruginosa 17 1 8 2 28(3.1)
Enterococcus fecalis 11 3 13 3 30(3.3)
Acinetobacter baumanii 9 2 0 0 11(1.2)
Staphylococcus aureus 8 3 1 2 14 (1.5)
Streptococcus agalactiae 29 37 6 0 72(8.0)
Others 39 13 22 3 77(8.5)
Total - (%) 407 (45) 155(17.1) 300(33.1) 43(4.8) 905

pregnant women. The American Family Physicians,
Canadian Task Force on Preventive Health Care
and the National Health Services (NHS), UK do not
recommend use of screening tests. On the other
hand, the American Academy of Pediatrics (AAP)
and the American College of Obstetrics and
Gynecologists (ACOG) strongly recommend use of
screening assays for urinalysis in pregnant women.

Detection of cases of pyuria helps to avoid
extensive invasive diagnostic procedures. Microscopic
examination of urine is the standard method used
to detect pyuria. The dipstick test used widely as a
rapid measure of urinary leukocyte esterase (LE)
activity is quick, inexpensive, and does not require
technical expertise. This test is commonly used to
identify pyuria in accident and emergency
departments and in out-patient clinics in which a
urine microscopy service is not available. Clinics
which can avail the assistance of a well-equipped
laboratory can utilize the service of complete
urinalysis than just depend on a two-parameter
dipstick. These laboratories would have facilities to
perform screening tests, bacterial culture and
identification of microbes on mid-stream urine
samples. It is important to note that the quality of
urine specimens would determine the outcome of
such testing. It is hence ideal to have an early
morning mid-stream urine specimen submitted in a
sterile container. Single use sterile urine bags are
employed for collecting urine samples for neonates
and infants. Urine samples are stored at 4°C in case
they are not tested at the earliest, to avoid false
positive test results.

The LE test detects esterases released from
degraded white blood cells (WBCs). It is therefore,
an indirect measure of WBCs whose presence is
induced by urinary bacteria. The nitrite test detects
nitrites produced by urinary bacteria - usually
limited to Gram-negative organisms. Nitrites
normally are not found in urine but result when
bacteria reduce urinary nitrates to nitrites. Many
Gram-negative and some Gram-positive organisms
are capable of this conversion, and a positive

dipstick nitrite test indicates that these organisms
are present in significant numbers (i.e. more than
10,000 per ml)®. This test is specific but not highly
sensitiveP. The nitrite dipstick reagent is sensitive
to air exposure, so containers should be closed
immediately after removing a strip. After one week
of exposure, one third of these strips give false-
positive results, and after two weeks, three fourths
give false-positive results®. Non-nitrate-reducing
organisms also may cause false-negative results,
and patients who consume a low-nitrate diet may
have false-negative results”. Both these reactions
require concentrated urine and an early morning
urine specimen is well-suited to these tests.

Studies have investigated the efficacy of the
dipstick LE test in detecting pyuria in adults®”. The
sensitivity of the test ranges from 78.0 to 99.3%
whereas the specificity ranges from 69.0 to 99.3%.
Studies involving children have suggested that
dipstick tests (the LE test with or without the nitrite
test) are as accurate as microscopic examination in
predicting bacteriuria®*". The accuracy of using the
dipstick LE test to detect pyuria in children,
however, remains uncertain®.

A negative dipstick test alone and a negative
microscopy alone have NPV of 95.8 and 96.8%,
respectively. This may be adequate in the
asymptomatic older child, but in ill febrile children,
the combined negative dipstick and microscopy,
which has a NPV of 98.1%, virtually excludes
urinary tract infection®. A combination of a
negative dipstick test for nitrite and LE has shown
a NPV for UTI of 96.9% and a specificity of 98.7%.
In children less than a year old these values were
96.7 and 99.2% respectively™. Studies in adults
have shown the sensitivity of the leucocyte esterase
method with or without nitrite detection to be 75 to
90%, while nitrite alone had a sensitivity of 35 to
85%". We observed the sensitivity of leucocytes to
be 65% in adults which dropped down to 49.2% in
combination with nitrite, whereas nitrite alone has
shown a low sensitivity (Table 4). Nitrite detection,
in our study has shown a reasonably good PPV,
NPV and a good specificity. However, 70.5% of
adult samples and 85% of pediatric samples
showed false negativity to nitrite alone. The false
positives in the same groups were 25.9 and 17%
respectively. False-positive and false-negative
results are not unusual in dipstick urinalysis®.

Patel et al ™ found that a NPV of 98% and a
sensitivity of 98.3% with a specificity of 19.2% were
observed with leucocytes, protein, erythrocytes and
nitrite taken together. We report a NPV of 87% in
adults, 82.7% in pregnant women, 74.5% in
pediatric cases and 75.4% in neonates for the same
combination. The sensitivity was observed to be
15.1% in adults and 17% in pregnant women, but
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very low in the other two categories. However, the
specificity was high in all the four groups (Table 4)
and this is an indication that this combination could
be used for exclusion of UTI.

Use of the screening parameters in children has
been shown to have a PPV of 69.4%, an NPV of
98.6%, and a sensitivity of 97.1% and specificity of
82.5%". The same study had also evaluated a
commercial catalase test as a screening procedure
and reported it to have a high rate of false-positive
results. The NPV of all the five parameters together
in our study was 87% in adults, 82.7% in pregnant
women, 74.5% in pediatrics and 75.4% in neonates.
However, the PPV has been seen to be undeter-
minable since no culture positive sample has had
all the five parameters in the positive range. It is
suggested to use the combination of all the five
more for exclusion of UTI than for inclusion. We
report a NPV of 87% with a specificity of 99.5% and
a false negativity of 65% among adult samples
when the combination of leucocyte esterase, nitrite
and protein is considered. The NPV of the same
combination in pediatric cases was 75.5% with a
specificity of 100%. A study reported from France
showed the predictive value of negative test (NPV)
for the above combination to be 99.4% with no
difference between boys and girls®. We have not
seen any difference of NPV or specificity between
both the sexes in pediatric cases.

Dipstick testing has been found to be no better
than urine microscopy and both techniques have
only modest sensitivities and specificities (around
80%) when compared to quantitative culture®. One
consistent result reported in most studies is the
high negative predictive value (> 95%). This may
reflect the low prevalence of UTIs (4 -14.8%) in
these studies (which included some symptomatic
individuals). In the asymptomatic population it is
likely that the negative predictive value would
exceed 99% for both sexes®. A high negative
predictive value is extremely useful as it helps to
decide which urine samples to culture and which to
discard. We have also encountered high NPVs for
most of the parameters and their various
combinations in all the age groups analyzed.

However, dipstick analysis also has been
reported to be disappointing for screening
hospitalized patients, in a study reported from
Belgium. This study reported a false negative rate
of 77% and a false positive rate of 6% when both LE
and nitrite were combined®®. We have also noted a
high rate of false negatives when both leucocytes
and nitrite were considered together, in adults
(76.6%), among pediatric cases (75%) or in neonates
(97%). The false positive rate was 20% in adults,
6.2% in pediatrics and 0% in neonates for the same
combination. This appears to be consistent with

findings reported by the Belgian study™. It is a
wasteful exercise to culture all urine samples
without screening for presence of infection.

The pH and nitrite combination showed a PPV
of 100% with a specificity of 100% in all the study
groups except among pregnant women. Prompt
institution of empirical therapy in patients with a
positive urine screen result for both pH and nitrite
would therefore mean earlier remission rates and a
reduction in the incidence of complications. Follow
up of culture results in these cases can help
document a cure or change the therapeutic regimen
if indicated.

Screening of pregnant women for asymptomatic
bacteriuria by an enzymatic urine-screening test
has been reported to have 100% sensitivity and a
NPV of 100%". However, the authors conclude
that the UriscreenTM used in the study could not
replace the urine culture, but say that a policy
change of performing cultures in samples with a
positive test could save 80% of unnecessary
cultures®!. In our study, the NPV of the screening
parameters except for leucocytes, taken singly or in
combination in samples from pregnant women was
82.7% with a high specificity (Table 4). Even
though, as a policy, we culture all the urine samples
from pregnant women, the overall positivity rate in
our study was 27.3% with Streptococcus agalactiae
being the second commonest isolate (23.8% of
positives). This probably reflects genital colonization.
Abalos® in a review of screening tests for pregnant
women concludes that although combined tests
seem to be quite promising in detection of
bacteriuria in asymptomatic patients there is
insufficient evidence to reassure clinicians that a
negative result is a truly negative one. Our results
in samples from pregnant women also suggest the
same conclusions. A total of 28 samples (4.9%)
which had a negative screen showed significant
bacteriuria while 197 samples (34.7%) had a
positive screen but showed no growth. The practice
of mandatory cultures of urine samples from
pregnhant women may be justified in the light of
inconclusiveness of the screening parameters.

A study done in the UKP reports that an
additional 1.7% samples that were negative by
screening were positive for bacteriuria in culture. In
our study, 54 (13.5%) of the 400 urine samples
requested for routine examination were positive by
culture after having been processed following
inclusion criteria fulfillment. Using the screening
criteria set by our laboratory (Table 1), a total of
1371 samples were not processed for culture over
the period of three months, saving approximately
an amount of US $ 20,565, averaging about US $
6800 per month.
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However, the 400 samples that were processed
for culture following urinalysis in the period of
study vyielded 54 extra culture positives and
contributed to detection of UTIs. Among these,
13.1% wvere adult cases, 17.07% pediatric and 12.5%
neonate urine samples that showed inclusion
criteria by urinalysis. The overall 13.5% extra
positives detected by culture, which would
otherwise have been missed have helped make an
additional impact on patient care, more so in
pediatrics. This can be considered good justification
for screening urine samples prior to bacterial
culture, in terms of the clinical impact that can be
achieved.

CONCLUSION

Screening urine samples is a necessary step in
the laboratory diagnosis of UTI. A combination of
leucocyte esterase and nitrite test along with either
protein positivity or an alkaline pH has been found
to have both high specificity and high NPV and
could hence be a valuable indicator for exclusion
diagnosis of UTI in all age groups excluding
pregnant women. A urine screen positive for both
alkaline pH and nitrite could be a good guideline
for instituting empirical therapy in all age groups
except pregnant women. The inconclusiveness of
urine screening justifies mandatory cultures for
samples from pregnant women. Urine samples that
do not fit into inclusion criteria after analysis can be
excluded from being cultured to save valuable
resources, time and money.

REFERENCES

1. Forbes BA, Sahm DF, Weissfeld AS. Bailey & Scott’s
Diagnostic Microbiology. St. Louis, Mosby, 1998; 354-361.

2. Smith MBH. Screening for urinary infection in
asymptomatic infants and children. In: Canadian Task
Force on the Periodic Health Examination. Canadian Guide
to Clinical Preventive Health Care. Ottawa: Health Canada,
1994. p 220-230.

3. Pels RJ, Bor DH, Woolhandler S, Himmelstein DU,
Lawrence RS. Dipstick urinalysis screening of asymptomatic
adults for urinary tract disorders. 1l. Bacteriuria. JAMA
1989; 262:1221-1224.

4. Gallagher EJ, Schwartz E, Weinstein RS. Performance
characteristics of urine dipsticks stored in open containers.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Am J Emer Med 1990; 8:121-123.
Gillenwater JY. Detection of urinary
chemstrip-1. J Urol 1981; 25:383-384.
Kusumi RK, Grover PJ, Kunin CM. Rapid detection of
pyuria by leukocyte esterase activity. JAMA1981; 245:1653-
1655.

Herlihy RE, Wilkerson R, Roy JB. New and rapid method
for detection of pyuria by leukocyte esterase reaction.
Urology 1984; 23:148-149.

Kiel DP, Moskowitz MA. The urinalysis: A critical
appraisal. Med Clin North Am 1987; 71:607-624.
Goldsmith BM, Campos JM. Comparison of urine dipstick,
microscopy, and culture for the detection of bacteriuria in
children. Clin Pediatr 1990; 29:214-218.

Shaw KN, Hexter D, McGowan KL, Schwatz JS. Clinical
evaluation of a rapid screening test for urinary tract
infection in children. J Pediatr 1991; 118:733-736.

Weinberg AG, Gan VN. Urine screen for bacteriuria in
symptomatic pediatric outpatients. Pediatr Infect Dis J
1991; 10:651-654.

Anad FY. Asimple method for selecting urine samples that
need culturing. Ann Saudi Med 2001; 21:104-105.

Sharief N, Hameed M, Petts D. Use of rapid dipstick tests
to exclude urinary tract infection in children. Br J Biomed
Sci 1988; 55:242-246.

Fihn SD, McGee SR. Outpatient medicine. Philadelphia, Pa,
Saunders, 1992.

Simerville JA, Maxted WC and Pahira NJ. Urinalysis: A
Comprehensive Review. Am Fam Physician 2005; 71:1153-
1162.

Waisman Y, Zerem E, Amir Land Mimouni M. The Validity
of the Uriscreen Test for Early Detection of Urinary Tract
Infection in Children. Pediatrics 1999; 104:41.

Lejeune B, Baron R, Guillois B, and Mayeux D. Evaluation
of a screening test for detecting urinary tract infection in
newborns and infants. J Clin Pathol 1991; 44:1029-1030.
Zaman Z, Borremans A, Verhaegen J, Verbist L, Blankaert
N. Disappointing dipstick screening for urinary tract
infection in hospital inpatients. J Clin Pathol 1998; 51:471-
472.

Gartlehner G, Kahwati L, Lux L, West S. Screening for
asymptomatic bacteriuria: A brief evidence update for the
US Preventive Services Task Force. AHRQ 2004; Publication
No. 05-0551-B.

Hagay Z, Levy R, Miskin A, Milman D, Sharabi H, Insler V,
Uriscreen, a rapid enzyme screening test: Useful predictor
of significant bacteriuria in pregnancy. Obstet Gynecol
1996; 87:410-413.

Abalos EJ. Review of two rapid screening tests for
asymptomatic bacteriuria during pregnancy. 2003. Geneva
Foundation for Medical Education and Research.
www.gfmer.ch

Patel HD, Livsey SA, Swann RA, Bukhari SS. Can urine
dipstick testing for urinary tract infection at point of care
reduce laboratory workload? J Clin Path 2005; 58:951-954.

leukocytes by



