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A b s t r a c t

Several systematic reviews have examined the use
of dipstick tests to diagnose or rule in urinary tract
infection (UTI). We examined the evidence relating to
the use of urine leukocyte esterase and nitrite tests in
adults to exclude or rule out UTI. A search of the
literature from 1966 to 2003 revealed 30 studies as
containing relevant and suitable information, and 23 of
these, which used a cutoff of 108 colony-forming units
per liter, were combined in a meta-analysis. The
leukocyte esterase or nitrite test combination, with one
or the other test positive, was used in 14 studies and
showed the highest sensitivity and the lowest negative
likelihood ratio. While there was significant
heterogeneity between the studies, 7 of 14 demonstrated
significant decreases in pretest to posttest probability
with a pooled posttest probability of 5% for the negative
result. In certain circumstances, there is evidence for
the use of urinalysis as a rule-out test for UTI.

Urinary tract infection (UTI) is a common complaint. A
telephone survey in the United States revealed that 11% of
women 18 years or older reported at least 1 presumed UTI
during the last year,1 and an estimated 60% of women have a
UTI at some stage in their life.2 Approximately 23% of all
hospital-acquired infections are due to UTI.3 The incidence is
increased in elderly men and women, particularly among
those living in institutions, where it can be up to 53% and 37%
in women and men, respectively.4

In the past, UTI often has been defined for research purpos-
es as the presence of at least 108 colony-forming units (CFU)
per liter in freshly voided urine, although symptomatic infection
can occur with 106 CFU/L,4 and some would argue for a cutoff
of 105 CFU/L in symptomatic patients when urine can be cul-
tured without delay.5 Diagnosis through bacterial culture is
important in some circumstances because failure to detect a
UTI can have serious consequences, particularly in certain
patients such as pregnant women. However, uncomplicated UTI
in nonpregnant women rarely causes severe illness or has sig-
nificant long-term consequences, and in 50% of patients, the
condition improves without antimicrobials within 3 days.6

Nevertheless, suspected UTI is one of the most common
indications for antimicrobial use, with much prescribing of
antimicrobials based on clinical symptoms and signs without
confirmation by culture.7 As antimicrobial resistance rates
increase, there is growing concern about inappropriate and
unnecessary antimicrobial use.8 Although empirical treatment
of women with suspected uncomplicated UTI was shown in
1 decision analysis to be the most cost-effective strategy,
adding a dipstick test and using the results to rule out treatment
could be justified if reducing antimicrobial treatment is an
additional objective.9 The emergence of multidrug-resistant
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extended-spectrum β-lactamase-producing Escherichia coli
emphasizes the increasing risks associated with unnecessary
antimicrobial use,10,11 which already was known to increase the
risk of subsequent UTIs.12

The frequency of UTI generates a significant workload
for the laboratory, with large laboratories analyzing from 200
to 300 urine specimens per day.13 Most specimens sent to a
laboratory will show no evidence of infection when tested,
and, consequently, there has been considerable interest in
ways to screen out negative specimens before processing them
for culture by a rule-out test strategy.14 There have been sug-
gestions that this could be particularly appropriate for screen-
ing out asymptomatic bacteriuria in a population with a low
prevalence of UTI, such as pregnant women, as a cost-effec-
tive alternative to culture15,16; however, a recent review com-
missioned by the National Institute for Clinical Excellence
rejected this advice on the basis of current evidence, although
it highlighted the problem as an important research topic.17

In recent times, there has been an increased understand-
ing of how to evaluate the clinical usefulness of diagnostic
tests.18 Although many studies have compared dipstick testing
with culture, few have taken into account the wide variation in
prevalence or pretest probability of UTI in different popula-
tions. The prior or pretest probability of a condition is an
important factor in determining the effect of a positive or neg-
ative test result on the posttest probability of ruling a diagno-
sis in or out.19 Furthermore the clinical significance of miss-
ing a true-positive result will depend on the population being
examined and ranges from possible fetal mortality in pregnan-
cy, in which there is a low pretest probability of UTI, to little
evidence of significant excess morbidity in uncomplicated
UTIs in women, in whom there is a high pretest prior proba-
bility of UTI. In addition there is the issue of choice of thresh-
olds of colony counts in urine for confirmation of infec-
tion.13,20 Commonly used colony count thresholds to establish
cutoffs for distinguishing normal and abnormal dipstick test
results were set many years ago, often for purposes that are
different from those for which the tests are currently used.
Even when the dipstick tests have been evaluated in an appro-
priate context, the comparator test has been a urine culture
using a cutoff of 108 and sometimes 107 CFU/L to define UTI.

Systematic reviews and meta-analyses of studies using
these tests in adults and children have identified other deficien-
cies in many of the included studies.21-23 Gorelick and Shaw21

showed that in children, the Gram stain and dipstick analysis
for leukocyte esterase (LE) and nitrite performed similarly in
detecting UTI (used as rule-in tests) and were superior to
microscopic analysis for pyuria. A more recent systematic
review and meta-analysis in children included a larger number
of articles than reviewed by Gorelick and Shaw21 and conclud-
ed that pyuria of 10 or more cells per high-power field (or
microliter) and bacteriuria as detected by microscopy were best

suited for diagnosing UTI in children, whereas there were
insufficient data to draw conclusions about the value of urinary
dipstick tests when used as a rule-in test.22

At the time this study was begun, the only systematic
review of UTI dipstick data specifically from adults concluded
that a positive LE or nitrite test result was the best index or
rule-in test but a negative dipstick result (rule-out test) could
not exclude UTI in patients with a high prior probability of
contracting the condition.23 Since publication of that study,
several new studies have focused on using dipstick tests to
exclude (rule out) rather than diagnose (rule in) UTI in adults,
and this prompted the systematic review described herein. As
part of the present study, we looked at factors that might influ-
ence the performance of the tests, eg, pretest probability and
methodological issues. While we carried out our review, anoth-
er related systematic review by Deville et al24 was published. 

Materials and Methods

Identification of Relevant Literature

Although the primary purpose of the review was to exam-
ine the use of dipstick tests in adult UTI, the literature search
was extended to cover all age groups. Thus, the National
Library of Medicine’s MEDLINE and Embase databases were
used to conduct a search for articles between January 1966
and December 2002 related to the diagnosis of UTI. The
search terms included the following: urinary tract infections,
bacteriuria, pyuria, LE, nitrite, urinary protein, hematuria, dip-
stick, reagent strip, screening, rule out, cost-effectiveness,
urine culture, laboratory diagnosis, and urinalysis.

In addition to the database searches, the reference lists of
articles that were reviewed for possible inclusion in the study
and other review articles were searched for further possible
references. The articles were reviewed by 2 of us (A.J.L. and
A.S.J.) for possible relevance; discrepancies were resolved by
further discussion. The initial criteria for inclusion of articles
into the review were as follows:

• Contained original data that had not been published
previously (no narrative reviews)

• Used dipstick tests for LE, nitrite, blood, and protein
• Compared the dipstick tests with a laboratory culture

method as the reference standard that, together with the
dipstick tests, was performed on all specimens

• Used a definition of a UTI based on the culture method
by a stated number of colonies per liter or a cutoff value

• Reported sufficient data for dipstick tests and culture
standard to permit the creation of a table containing
figures for true- and false-positive and true- and false-
negative results (2 × 2 table)
Additional factors for assessing the quality of the articles

were as follows: the clinical setting of the study, ages of the
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subjects or age ranges (ie, adults or children) given, whether a
prospective or a retrospective study, whether patients were
selected at random or consecutively, the prevalence of UTI in
the cohort studied, details of patient symptoms, whether the
operators responsible for the culture tests were blinded to the
results of the dipstick tests, and how contaminated specimens
and mixed cultures were treated in the analysis.

Extraction of Data and Combining the Results

Data were extracted from all reviewed articles that met the
selection criteria. For each dipstick test and, when appropriate,
combinations of tests, a 2 × 2 table was created as follows:

UTI No UTI

Positive test result True-positive False-positive
Negative test result False-negative True-negative

For articles reporting multiple thresholds for the reference
method cutoff, a separate table was extracted for each threshold.
From the tables, the sensitivity and specificity were calculated
for each test, together with the confidence intervals, which were
calculated according to Gardner and Altman.25 The results and
confidence intervals were compared visually for each study by
using a forest plot.26 In addition, for each test in each study, the
calculated sensitivity was plotted against 1 – specificity to graph-
ically visualize possible heterogeneity that might be present.

The homogeneity of diagnostic parameters (sensitivity,
specificity, positive and negative likelihood ratios [LRs], and the
diagnostic odds ratios [DORs]) across studies was tested by
using the method of Cochrane, which provides a χ2 statistic
computed as the weighted sum of the square differences between
the overall summary estimate and the results of individual
studies.27 Pooled estimates of mean values and confidence inter-
vals were generated by using fixed-effects and random-effects
modeling for sensitivity, specificity, positive and negative LRs,

and the DOR. The statistical analyses were carried out using the
SAS MIXED procedure (SAS Institute, Cary, NC).

Results

The various searches generated a total of 1,450 titles.
After review of the abstracts, 250 were selected for a full
review because they dealt with the study of UTI. Only 118
articles met the initial basic criteria, and these were allocated
into 4 groups: (1) insufficient description of the patient popu-
lation, primarily technical evaluations, 33 articles; (2) studies
in children, 29 of which were included in 2 previous system-
atic reviews,21,22 32 articles; (3) studies in adults and children,
15 articles; and (4) studies in adults with additional informa-
tion about the cohort studied, 38 articles.

Of the 38 articles in group 4, 3 reported data from 2 sub-
ject groups, so there were 41 studies in total. Within this
group, there was considerable variation in how contaminated
specimens and mixed cultures were treated in the analysis. In
particular, 11 studies indicated that mixed cultures and con-
taminated specimens were excluded from the analysis, so
these articles were excluded from further review. Another
major discriminator between the studies was an indication of
whether the operators of the dipstick or reference tests were
unaware of the results of the other test, designated as blinded,
or whether no such indication was given, designated as
unblinded. Details of the tests used, cutoff, and whether the
study was blinded or unblinded are given in ❚Table 1❚.

The most common tests used were LE and nitrite, separate-
ly or in combination in which a result was assigned as positive if
one or the other test indicated a trace or greater (LE or nitrite pos-
itive) or in which both tests had to indicate a trace or greater for
a positive result (LE and nitrite positive). Although other dipstick
tests such as blood and protein were used in certain studies, the
low numbers of studies did not justify combining the data. Of the

❚Table 1❚
Numbers of Studies by Colony Count Used to Define Urinary Tract Infection, Tests Performed, and Level of Operator Blinding 
in Articles Meeting Other Selection Criteria

Colony Count

>108 CFU/L >5 × 107 CFU/L >107 CFU/L >106 CFU/L

Test* Blinded Unblinded Blinded Unblinded Blinded Unblinded Blinded Unblinded

LE 12 3 — — 2 — 1 —
N 11 5 — — 2 — 1 —
LE or N 9 5 1 — 1 2 1 —
LE and N 6 1 — — 1 — 1 —
LE or N or blood 2 — — — 1 — — —
LE or N or blood or protein 1 — — — — 1 — 1
LE or N or protein 1 — — — — — — —

CFU, colony-forming units; LE, leukocyte esterase; N, nitrite.
* Dipstick test combinations for diagnosis of disease. When 1 test is listed, only that test result was positive; when 2 or more are joined by “or,” one of the test results was positive;

when 2 are joined by “and,” the results of both tests were positive.
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30 sets of data, 23 used 108 CFU/L as the cutoff for definition of
UTI and 7 used a variety of lower cutoffs. The selected studies
included 8 data sets from pregnant women, and the remainder
described a variety of clinical settings and UTI prevalence.28-47

The low numbers of studies in each of the clinical settings
involving nonpregnant patients prevented meta-analysis of the
data from these individual groups. ❚Table 2❚ shows the studies

that used 108 CFU/L as the cutoff, classified according to clini-
cal setting, prevalence of UTI, dipstick test, and the sensitivity
and specificity for each of the tests.

Meta-analysis of the data initially was performed on the
blinded and unblinded subgroups of the cohort; the summary
statistics are given in ❚Table 3❚. Statistical tests showed signif-
icant heterogeneity for all tests in the blinded and unblinded

❚Table 2❚
Features and Sensitivity and Specificity of Studies Using a Cutoff of 108 CFU/L

LE N LE or N LE and N

No. of UTI Prevalence
Study Sex Subjects Patient Setting (%) Sens Spec Sens Spec Sens Spec Sens Spec

Audurier et al,28 1988 M/F 2,183 Laboratory 16 0.856 0.762 0.479 0.958 0.897 0.749 0.438 0.971
Bachman et al,29 1993 F 1,047 Antenatal 2 0.167 0.972 0.458 0.997 0.500 0.969 0.125 1.000 
Bowman and Riley,30 1991 M/F 1,020 Laboratory 22 NR NR NR NR 0.969 0.757 NR NR
Chernow et al,31 1984 M/F 203 Hospital, including 24 1.000 0.760 0.265 0.987 NR NR NR NR 

catheterized patients
Etherington and James,15 F 898 Antenatal 3 0.593 0.861 0.667 0.997 0.741 0.859 NR NR 

1993
Evans et al,32 1991 M/F 50 Hospital inpatients 36 0.722 0.813 0.833 1.000 NR NR NR NR
Evans et al,32 1991 M/F 50 Day-hospital patients 40 0.600 0.867 0.900 1.000 NR NR NR NR
Graninger et al,33 1992 F 1,000 Antenatal 13 0.587 0.872 0.540 1.000 0.786 0.872 NR NR
Hagay et al,34 1996 F 313 Antenatal 8 0.529 0.903 0.375 0.993 NR NR NR NR
Jellheden et al,35 1996 F 795 General practice, 83 NR NR 0.620 0.889 NR NR NR NR 

excluding pregnancy
Lachs et al,36 1992 M/F 107 Hospital ED and clinic 50 NR NR NR NR 0.556 0.780 NR NR
Lachs et al,36 1992 M/F 259 Hospital ED and clinic 7 NR NR NR NR 0.925 0.704 NR NR
Lammers et al,37 2001 F 331 Hospital ED and clinic 46 0.908 0.408 NR NR 0.849 0.531 0.270 0.927
Lenke and Van Dorsten,38 F 146 Antenatal 12 NR NR 0.222 1.000 NR NR NR NR 

1981
McNair et al,39 2000 F 528 Antenatal 7 NR NR NR NR 0.472 0.803 NR NR
Monane et al,40 1995 F 427 Elderly housing and 17 0.863 0.559 NR NR NR NR NR NR 

long-term care
Pallares et al,41 1988 M/F 180 Health care center 54 0.857 0.976 0.510 0.951 0.929 0.915 NR NR
Preston et al,42 1999 F 228 Hospital gynecology 12 0.750 0.885 0.643 0.990 NR NR 0.964 0.885 

ward
Robertson and Duff,43 1988 F 750 Antenatal 8 0.774 0.975 0.435 0.988 0.919 0.951 0.323 0.942
Sewell et al,44 1985 M 459 Laboratory 25 NR NR NR NR 0.783 0.436 NR NR
Soisson et al,45 1985 F 1,062 Antenatal 6 NR NR 0.452 0.996 NR NR NR NR
Tissot et al,46 2001 M/F 339 ICU, including 17 0.842 0.730 0.509 0.848 0.877 0.617 0.421 0.957 

catheterized patients
Tuel et al,47 1990 M/F 169 Spinal-injuries, with 28 0.660 0.918 0.681 0.943 0.872 0.869 0.468 0.992 

catheters

CFU, colony-forming units; ED, emergency department; ICU, intensive care unit; LE, leukocyte esterase; N, nitrite; NR, not reported; Sens, sensitivity; Spec, specificity.

❚Table 3❚
Summary Statistics for Sensitivity, Specificity, LR, and DOR for Each Test in the Two Cohorts Separately and Combined

Sensitivity CI Specificity CI LR+ CI LR– CI DOR CI

Blinded and unblinded studies
LE 0.72 0.61-0.84 0.82 0.74-0.90 4.87 3.26-7.29 0.31 0.18-0.51 16.8 9.93-28.5
N 0.54 0.44-0.64 0.98 0.96-0.99 29.3 14.4-59.7 0.48 0.37-0.62 63.4 29.6-136
LE or N 0.81 0.71-0.90 0.77 0.69-0.86 4.27 2.82-6.47 0.22 0.14-0.35 19.9 9.84-40.0
LE and N 0.43 0.23-0.64 0.96 0.93-0.99 9.61 5.44-17.0 0.54 0.26-1.13 23.7 8.63-65.3

Blinded studies
LE 0.70 0.57-0.82 0.82 0.72-0.93 5.21 3.10-8.75 0.34 0.25-0.47 16.2 8.71-30.0
N 0.57 0.44-0.70 0.98 0.95-1.00 30.6 13.2-71.0 0.44 0.31-0.64 70.8 28.1-179
LE or N 0.82 0.70-0.93 0.80 0.70-0.90 5.16 2.90-9.20 0.22 0.13-0.37 24.4 10.4-56.9
LE and N 0.43 0.19-0.67 0.95 0.92-0.99 8.64 4.56-16.4 0.53 0.22-1.25 25.1 6.99-89.8

Unblinded studies*

LE 0.82 0.57-1.00 0.80 0.72-0.88 3.94 3.35-4.63 0.14 0.01-1.40 20.8 5.80-74.4
N 0.48 0.35-0.60 0.97 0.94-1.00 29.6 6.20-141 0.53 0.44-0.65 54.6 11.5-260
LE or N 0.79 0.62-0.97 0.72 0.58-0.87 3.11 1.87-5.16 0.22 0.08-0.60 14.1 3.84-51.5

CI, confidence interval; DOR, diagnostic odds ratio; LE, leukocyte esterase; LR, likelihood ratio; LR+, rule-in test; LR–, rule-out test; N, nitrite.
* For LE and N, there were insufficient studies.
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groups; this heterogeneity was confirmed further by the wide
confidence intervals for many of the parameters, including LRs
and DORs. A forest plot of the LRs derived from the studies for
blinded and unblinded groups is shown in ❚Figure 1❚.

To study the possible causes of this heterogeneity and to
see whether it would be acceptable to combine the blinded and
unblinded groups and to combine the studies in pregnancy
with those in other clinical settings, further statistical analysis
was performed according to Lijmer et al.48 This approach is an
extension of the meta-analytic regression model originally
described by Moses et al49 that allows examination of differ-
ences in diagnostic accuracy between tests to be examined by
adding [0,1] indicator variables to the regression equation.
When blinding and pregnancy were added as indicator vari-
ables, neither exerted a significant effect on the resultant
DOR. Accordingly, the various groups were combined, and
the summary statistics are given in Table 3.

Table 3 shows the mean values and confidence intervals
obtained by random-effects analysis for sensitivity, specifici-
ty, positive and negative LRs, and DORs. Because of the het-
erogeneity in the studies, the data for the blinded and unblind-
ed studies were analyzed together and separately (Table 3).

Of the 4 test combinations, the “LE or nitrite, one or the
other positive” combination had the highest sensitivity with
similar values in the blinded and unblinded cohort of studies,

and the nitrite test had the highest specificity. The negative
LRs were largely similar for all tests, but the lowest values
were again for the LE or nitrite test combination and for LE
alone in the unblinded group. However, in all cases, the confi-
dence intervals for all LE or nitrite values were very wide. The
highest positive LR was observed for the nitrite test, which
also had the highest DOR (63.4). Although the meta-analysis
was confined to studies using the 108 CFU/L cutoff, we com-
bined the LE or nitrite data from these studies with data from
studies using lower cutoffs to produce a summary receiver
operating characteristic curve ❚Figure 2❚.

❚Table 4❚ shows the pretest and posttest probabilities cal-
culated from the LRs for the individual studies, blinded and
unblinded, that used the LE or nitrite dipstick test combination
compared with the pooled result. An alternative approach to
reviewing these data is to plot the data as a graphic represen-
tation of Bayes theorem as shown in ❚Figure 3❚.50 The latter
approach allows easy visualization of the change in pretest to
posttest probability when using the test.

Discussion

The purpose of this systematic review was to determine
whether there is sufficient evidence in the literature to indicate
that in certain populations it is possible to use dipstick tests as
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❚Figure 1❚ Forest plot of likelihood ratios (LRs) for the leukocyte esterase or nitrite combination as a rule-in (LR+) and a rule-out
(LR–) test.
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a screening process to rule out UTI and, thus, reduce the num-
ber of negative urine samples sent for culture. A number of
parameters can be used to assess the ability of a test to rule out
a condition, including sensitivity, negative LR, and DOR. For
a test to be effective at ruling out a condition, it needs to have
high sensitivity to minimize the number of false-negative
results.19 Negative LRs less than 0.2 indicate useful diagnos-
tic evidence, and LRs less than 0.1 provide convincing evi-
dence that with a negative test result the disease is absent.51

However, these guideline LRs depend on whether the pretest
probability of disease is high or low.

The DOR expresses the odds of a positive result in
patients with disease compared with the odds of positive
results in patients without disease. Although it has the advan-
tage of summarizing the accuracy of a test as a single value
and has less variability from study to study than LRs, it is a
less interpretable value from a clinical perspective.52

Two previous systematic reviews of UTI studies in chil-
dren focused on the use of dipstick tests to diagnose or rule
in UTI.21,22 At the beginning of the present review, the only

❚Table 4❚
Pretest and Posttest Probabilities of Dipstick Leukocyte
Esterase and Nitrite Combinations (One or Both Positive) 
in 14 Studies and the Pooled Results

Posttest Probability

Prevalence Positive Negative
Study (Pretest Probability) Result Result

Audurier et al28 0.16 0.40 0.02
Bachman et al29 0.02 0.25 0.01
Bowman and Riley30 0.22 0.53 0.01
Etherington and James15 0.03 0.14 0.01
Graninger et al33 0.13 0.47 0.03
Lachs et al36 0.50 0.61 0.15
Lachs et al36 0.07 0.16 0.04
Lammers et al37 0.46 0.61 0.19
McNair et al39 0.07 0.15 0.05
Pallares et al41 0.54 0.93 0.08
Robertson and Duff43 0.08 0.63 0.01
Sewell et al44 0.25 0.61 0.08
Tissot et al46 0.17 0.32 0.04
Tuel et al47 0.28 0.72 0.05
Pooled results* 0.20 0.52 0.05

* Pooled prevalence is the mean prevalence across all the 14 studies. The pooled post-
test probabilities are calculated from the summary likelihood ratios shown in Table
3 (blinded and unblinded studies section) and posttest odds using the following
formulas: (1) Pretest Odds = Prevalence/1 – Prevalence; (2) Posttest Odds = Pretest
Odds × Likelihood Ratio; (3) Posttest Probability = Posttest Odds/1 + Posttest
Odds.
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❚Figure 3❚ The relationship of pretest and posttest
probabilities and likelihood ratios according to the Bayes
theorem. The solid lines (isocontours) represent the pretest
and posttest probabilities for various likelihood ratios ranging
from 0.05 to 50. The individual data points show the pretest
and posttest probabilities for the individual studies chosen in
this review, using the leukocyte esterase or nitrite test
combination. Open circles represent the relationships
between pretest and posttest probabilities for positive test
results (rule-in tests) and the closed circles for negative test
results (rule-out tests). An optimal rule-in test is characterized
by having a high likelihood ratio (eg, plots above the
isocontour corresponding to a likelihood ratio of 10) and
shows a large increase of pretest to posttest probability. An
optimal rule-out test is characterized by having a low
likelihood ratio (eg, plots below the isocontour corresponding
to a likelihood ratio of 0.1) and shows a large decrease of
pretest to posttest probability.
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❚Figure 2❚ Summary receiver operating characteristic curve
for all studies using the leukocyte esterase or nitrite test
combination.
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systematic review performed in adults was that by Hurlbut and
Littenberg,23 which focused on evidence to support using dip-
stick tests to diagnose UTI and found that the best rule-in test
was the LE or nitrite combination. The review did not identify
the sources of heterogeneity, nor did it clearly identify which
studies were included; the citations of articles accepted for the
study include articles describing secondary research. The data
derived from Hurlbut and Littenberg23 were analyzed further in
a review by Bent et al,53 who looked at the accuracy and preci-
sion of history-taking and physical examination for the diagno-
sis of UTI in women. By using the data from Hurlbut and
Littenberg,23 Bent et al53 calculated the LRs for the LE or
nitrite combination (one or the other positive) to be 4.2 and 0.3
for the positive and negative test results, respectively, and the
posttest probabilities to be 81% for the positive result and 23%
for the negative result. This latter figure is not sufficiently low
to rule out disease, and, consequently, Bent et al53 agree with
the conclusion of Hurlbut and Littenberg23 that dipstick tests
cannot be used to exclude UTI.

In the present review, the DOR results indicated that the
most useful diagnostic test seems to be nitrite with a DOR value
of 63.4 but with extremely wide confidence intervals. The LE or
nitrite combination showed the highest sensitivity, with a
pooled negative LR of 0.22 and a posttest probability of 5% for
the negative result. This is a lower result than that derived from
the review by Hurlbut and Littenberg23 and Table 4 shows that
8 of 14 studies included in the meta-analysis demonstrated
posttest probabilities of less than 5%, and in some of these the
reduction in pretest to posttest probability was significant.

Although our review might be interpreted as providing more
convincing evidence for the value of dipstick testing to exclude
UTI than the previous systematic review by Hurlbut and
Littenberg,23 our pooled data also had wide confidence intervals,
which may be due to a number of factors. We demonstrated sig-
nificant heterogeneity between the studies but were unable to elu-
cidate the causes, although variation in the diagnostic threshold
for the reference test is likely to be a cause. Another cause is sug-
gested in the findings of another systematic review of UTI testing
that was published during the present review. Deville et al24 used
a different approach to the selection of articles to be included,
relying on a grading or marking system to assess the quality of
articles. In contrast, we used absolute criteria to include or
exclude articles with the consequence that fewer articles met our
criteria for inclusion in the meta-analysis, and the possibility for
subclass analysis, such as that performed by Deville et al,24 was
very limited. Given the different approaches taken by us and
Deville et al,24 it is perhaps not surprising that we produced dif-
ferent evidence. The 2 systematic reviews of UTI in children
mentioned previously also arrived at different conclusions in rela-
tion to the use of dipsticks to diagnose UTI.21,22

Although it might be argued that less stringent selection cri-
teria for included articles might cast some doubt on the accuracy

of the conclusions, the findings of Deville et al24 support the con-
cept of using dipstick testing to rule out UTI. In a variety of clin-
ical situations, they found that combining the results of LE and
nitrite increased the sensitivity from 68% to 88%, and the corre-
sponding posttest probabilities or predictive values of the negative
test ranged from 84% to 98%, with the value being greater than
95.5% in the majority of the settings studied. Corresponding fig-
ures in our 14 studies using the LE or nitrite test combination
were 81% to 99% (Table 2). Deville et al24 concluded that a neg-
ative dipstick result excluded the presence of infection in most
studies, contrary to the findings of Hurlbut and Littenberg.23

Thus, although negative LRs greater than 0.1 may not be
regarded as strong evidence, the magnitude of the decreases in
pretest to posttest probability of UTI conferred by a negative
result as shown by us and Deville et al24 indicates the potential
value of urinalysis as a rule-out test. Even though convincing
evidence (as defined by Jaeschke et al51) has been hard to come
by, anecdotal evidence suggests that many laboratories use dip-
stick testing as part of an algorithm that also includes the
appearance of the urine and clinical symptoms and history to
determine whether a urine culture needs to be performed. On
the other hand, analysis of the studies looking at the transition
of pretest to posttest probability suggests that the use of an LE
or nitrite combination in a rule-out strategy would give an
acceptable posttest probability of 5%, especially from a situa-
tion in which there is a low- to mid-range pretest probability.

The use of history and symptom scoring systems in the
diagnosis of UTI has been published and might add additional
value to a UTI algorithm.53,54 Dobbs and Fleming54 found that a
combination of symptom history and dipstick testing (using
nitrite, protein, and hemoglobin) in a wide spectrum of patients
identified 89% of infected cases and included 33% of noninfect-
ed cases. Bent et al53 found that the presence of one or more
symptoms was associated with a probability of infection of
approximately 50%, the figure at which Dobbs and Fleming54

considered it appropriate to institute antibiotic therapy. The com-
bination of certain symptoms, eg, dysuria and frequency without
vaginal discharge, raised the probability to 90%. However, these
authors also found that history, physical examination, and urinal-
ysis did not lower the posttest probability to a level at which UTI
could be ruled out when a patient had one or more symptoms.

Although all of the individual symptoms yielded summa-
ry positive LRs between 0.2 and 1.7 (compared with 4.2 for
urinalysis), the combination of symptoms yielded a value of
24.6, equating to a posttest probability of only 77%. The neg-
ative LRs for individual symptoms yielded summary negative
LRs between 0.8 and 2.6, and when symptoms were com-
bined, a value of 0.3, equating to a posttest probability of 4%.

It is perhaps worth noting that the prevalence of UTI in the
studies reviewed by Bent et al53 was high, ranging from 12%
to 59%. On the basis of their review, Bent et al53 proposed
an algorithm for the diagnosis of UTI, including history,
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symptoms, and urinalysis, effectively the conclusion drawn
by Dobbs and Fleming54 and by Smith et al12 in a more recent
study using urinalysis and phase contrast microscopy.
However Bent et al, 53 by taking the data from their review and
inserting it into an algorithm that included history, symptoms,
and urinalysis, found that a complete profile of negative
results still implied a posttest probability of about 20%,
whereas our data would suggest that figure is closer to 5%.

The data from the pretest and posttest probabilities, when
plotted on a graphic representation of Bayes theorem, indicate
that when used as a rule-out test (ie, negative test results), the
posttest probabilities tend to be small, with those for most
studies less than 0.05. Furthermore, the majority of the
posttest probabilities lie below the likelihood line equivalent
to 0.2. On the other hand, for the use of the LE or nitrite test
combination as a rule-in test (ie, positive test results), several
of the studies do not achieve a posttest probability of 95%, and
most of the points lie below the LR line equivalent to 10.

All systematic reviews of this area have demonstrated
considerable heterogeneity in the accuracy of dipstick testing,
which is due to a variety of causes. One of the major causes is
the different prevalence of UTI or pretest probability of the dis-
ease in the studied population. However, pretest probability can
be assessed approximately from the type of patient and the
clinical history. The latter features including symptoms have
not always been well documented in the studies of the accura-
cy of urinalysis. This information, combined with an LR
derived from the dipstick test, can be used to derive a posttest
probability.54 Such an approach can be used by a general or
family practitioner to guide decisions such as whether a culture
is needed and what type of treatment. The LRs identified by the
present review and the review by Deville et al24 suggest that
this approach is valid, and, perhaps of greater significance, is
the significant transition of the pretest to posttest probability
when using the LE or nitrite in a rule-out test strategy.

There is evidence supporting the use of urinalysis as a rule-
out test for UTI when a cutoff for a culture result of 108 CFU/L
is appropriate, eg, suspected acute pyelonephritis, when a nega-
tive dipstick result might prompt consideration of other explana-
tions for a patient’s illness, especially when considering the tran-
sition from pretest to posttest probability. Unfortunately, the cur-
rent evidence suggests that urinalyses should not be used in a
screening scenario such as antenatal screening for asymptomatic
bacteriuria, when it may be important to detect all positive
results. The definitive answer to establishing the role of urinaly-
sis in a rule-out strategy is to evaluate the use of a diagnostic
algorithm in a prospective, randomized controlled trial in indi-
vidual populations; one such Health Technology Assessment
Authority–sponsored trial in family practice is in progress.
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