
Urinalysis and urinary tract infection: update for clinicians
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Dysuria is a common presenting complaint of women and urinalysis is a valuable tool in the initial evaluation of this
presentation. Clinicians need to be aware that pyuria is the best determinate of bacteriuria requiring therapy and
that values significant for infection differ depending on the method of analysis. A hemocytometer yields a value of
³ 10 WBC/mm3 significant for bacteriuria, while manual microscopy studies show ³ 8 WBC/high-power field
reliably predicts a positive urine culture. In cases of uncomplicated symptomatic urinary tract infection, a positive
value for nitrites and leukocyte esterase by urine dipstick can be treated without the need for a urine culture. Auto-
mated urinalysis used widely in large volume laboratories provides more sensitive detection of leukocytes and
bacteria in the urine. With automated microscopy, a value of > 2 WBC/hpf is significant pyuria indicative of inflam-
mation of the urinary tract. In complicated cases such as pregnancy, recurrent infection or renal involvement,
further evaluation is necessary including manual microscopy and urine culture with sensitivities.
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As many as one in four women experience an epi-
sode of dysuria each year, making this one of the
most common presenting complaints of women
seen by clinicians1. Dysuria suggests the diagnosis
of cystitis but may be present in other conditions
such as vaginitis, chlamydial urethritis or pyelo-
nephritis2. Urinalysis is valued as a quick and in-
expensive screening method for the presence of a
lower urinary tract infection (UTI). Often this test
is used in conjunction with or in place of a urine
culture in the diagnosis of a UTI. However, a
recent study found many practicing clinicians use
different standards to determine the presence or
absence of a UTI, most not updated on current
literature3. To further complicate matters, the level
of automation in urinalysis is increasing and
accepted cut-off values differ for these more sensi-
tive methods. This article will review the compo-
nents of a standard urinalysis, examine the
usefulness of each in the diagnosis of UTI, and

bring the clinician up to date on automated
urinalysis procedures.

BACTERIURIA IN DIAGNOSIS

While a urine culture is the gold standard in the
diagnosis of a UTI, the limitations of this test have
led many physicians to use urinalysis as an initial
step in the evaluation of dysuria. Bacteriuria is
classically defined as a urine culture with greater
than 100 000 cfu/ml of a single microorganism4.
This value distinguishes patients with asymptom-
atic bacteriuria from those with a contaminated
specimen. However, Stamm and colleagues5

found that this culture count was insufficient to
include almost half of patients with symptoms of
dysuria and frequency. In a study of 181 women
with symptoms of dysuria and frequency, 102 had
³ 105 cfu/ml but 79 had < 105 cfu/ml and would
not have yielded a positive culture by the standard
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criterion. Further study demonstrated that women
with dysuria, pyuria and a colony count of
³ 103 cfu/ml have a lower UTI1,5. The additional
problem of urine sample contamination clouds the
already muddy picture surrounding urine culture.
Several studies found 29–32% of urine cultures
were contaminated and concluded that the
methodology used in collection does not alter this
value6,7. Because of these difficulties with urine
culture, in addition to the fact that it is slow and
expensive, physicians have turned to urinalysis to
give a quick analysis of elements in the urine. Of
these components, leukocytes in the urine demon-
strate inflammation and tissue invasion of the
urinary tract, distinguishing infection from coloni-
zation or contamination8. Pyuria is valued as the
single best indicator of bacteriuria that will resolve
with antimicrobial therapy. If pyuria is absent, anti-
biotic therapy is not indicated9.

PYURIA IN DIAGNOSIS

Pyuria is therefore the most useful analyte for diag-
nosis of infection and the clinician has a choice
between multiple laboratory tests. The gold stan-
dard for the definition of pyuria is the leukocyte
excretion rate. A leukocyte excretion rate of
> 400 000 cells/h correlates well with symptoms
of dysuria and frequency as well as the presence of
bacteriuria10. Research demonstrated that all
abacteriuric patients had an excretion rate of
< 400 000 cells/h and 144 of 152 bacteriuric
patients had a rate of ³ 400 000 cells/h, yielding
a sensitivity of 95% and specificity of 100%11.
Collection of a 24-h urine is not feasible for the
clinic setting. For this reason, the chamber count
method is used in the literature for accurate deter-
mination of pyuria in place of the leukocyte excre-
tion rate. A value of > 10 cell/mm3 of unspun
urine is always associated with a leukocyte excre-
tion rate > 400 000 cells/h12. For most physicians,
these values are only important in determining the
accuracy of urinalysis in the detection of pyuria.

URINALYSIS PART 1: URINE DIPSTICK

A urinalysis with manual dipstick and manual
microscopy is commonly ordered on all patients
with the presenting symptom of dysuria.

However, some hospitals and many clinicians in
practice only perform microscopy if there are any
abnormalities found with dipstick analysis. A urine
dipstick tests for specific gravity and pH, as well as
the presence of urobilinogen, ketones, glucose,
hemoglobin, leukocyte esterase and nitrite. The
determination of a positive result is based on com-
parison of color development with the standard
strip provided by the manufacturer. The urine dip-
stick is valued as a quick and inexpensive test that
requires little expertise to perform correctly. The
results can prove useful in determining whether to
treat empirically or to order a urine culture for
definitive determination of bacteriuria. The most
useful analytes for UTI diagnosis are leukocyte
esterase and nitrite.

Leukocyte esterase is an enzyme found in
neutrophil granules that reacts with agents on the
dipstick to produce a blue color in 1–2 min.
Specific positive values vary from trace to many,
correlating with a minimum number of
WBC/hpf. For the Chemstrip (Boehringer
Mannheim, IN) L/N this minimum threshold is
> 5 WBC/hpf 13, but this value may vary depend-
ing on the test strip. While trace or small leukocyte
esterase activity may be considered a positive result
for this analyte, this result is not very specific for a
UTI as many other conditions can cause pyuria.
White blood cells can be found in the urine in a
variety of conditions ranging from chlamydial ure-
thritis to pyelonephritis. For this reason, the posi-
tive predictive value of leukocyte esterase has been
shown to vary between 19 and 88%14,15. The
absence of leukocyte esterase activity has a negative
predictive value of 97–99% indicating that the
urine culture will be < 103 cfu/ml14. This discrep-
ancy is based on the fact that if the urinary tract
is infected, the significant inflammation of the
mucosa should produce pyuria. In the absence of
pyuria, the diagnosis of a UTI is unlikely.

Nitrite is produced from dietary nitrate by
bacteria containing nitrate reductase. The amine in
the dipstick reacts with the nitrite and produces a
blue color in 60 s. The presence of nitrites is highly
specific for bacteriuria (96.6–97.5%), but has a low
sensitivity of 0–44% for bacteriuria between 103

and 105 cfu/ml13,14. False negatives may be the
result of a lack of dietary nitrate, dilution of
the nitrite in the urine (such as with diuretics), or
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non-nitrate-reducing bacteria including Staphylo-
coccus, Enterococcus, or Pseudomonas16. VanNostrand
and colleagues17 found that 78.9% of samples
containing nitrate-reducing bacteria were actually
negative for nitrite on the urine dipstick. There-
fore the presence of nitrite has a high positive pre-
dictive value of 94%18, but in the absence of
urinary nitrite a UTI cannot be ruled out.

Taking the leukocyte esterase and nitrite
together proves much more useful. If both tests are
positive, the specificity increases to 98–99.5%,
indicating a high likelihood of a UTI14,19. Several
studies conclude that from this information alone a
diagnosis of a UTI can be made and treatment
initiated2,18,20,21. This clinical conclusion has
recently been called into question by a study
demonstrating a low sensitivity for both leukocyte
esterase and nitrite but did not take into account
the clinical presentation of the patients in the
study17. In a low prevalence population, such as in
screening asymptomatic patients, the sensitivity of
these tests can be as low as 56%22. From this data,
Lachs and colleagues22 concluded that in all future
studies concerning the diagnosis of UTI, clinical
information including symptomatology must be
included. Therefore, if both analytes are positive
and the patient is a symptomatic female, the preva-
lence in this population is sufficiently high that the
positive predictive value is drastically increased. If
both analytes are negative, the chances of infection
fall to 0–5%14,23. Of note, the colors of the urine
dipstick will spontaneously change if allowed to
develop in air for greater than 15 min13. Urine
dipstick must be performed in a timely manner
to ensure accurate results.

URINALYSIS PART 2: MICROSCOPY

Microscopy is a valuable addition to the urine dip-
stick in diagnosing a UTI and should be performed
when using urinalysis to make a treatment deci-
sion. Manual microscopy is still widely used to
determine pyuria despite knowledge that the
results are highly variable depending on the labora-
tory, technician and urine sample24. When prepar-
ing a slide, the urine specimen is centrifuged, the
supernatant decanted, and the sediment is
resuspended. This is typically the least standardized
portion of the procedure with several studies

suggesting centrifuging 10–20 ml urine at varying
speeds for approximately 5 min, then resuspending
the sediment in a drop up to 0.2 ml super-
natant16,24,25. The technician places the sediment
on the slide and views between 5 and 15 fields
before reporting an average value of WBC/hpf.
Visualization of the formed elements in the urine is
the greatest benefit of microscopy. Microscopic
evaluation of leukocytes has a positive predictive
value of 100% for the presence of pyuria (defined as
> 8 WBC/mm3) but does not correlate as clearly
with the presence of bacteriuria. However, as the
number of cells/hpf increases, the positive predic-
tive value for bacteriuria increases26. Microscopy
can also be used to visualize bacteria in the
urine. Using a counting chamber, Hiraoka and
colleagues27 found that the presence of both
bacteriuria and pyuria had a positive predictive
value of 100% compared with the urine culture
while the absence of both had a negative predictive
value of 100%. Microscopy is also valued for
visualization of casts or crystals that may indicate
renal involvement or a complicated UTI.

However, there are many drawbacks to this use-
ful test. Studies show that cells are lost in the
handling of the sample and the transfer onto the
slide28,29. Manual microscopy is the least standard-
ized and most time-consuming portion of
urinalysis30. Because of this, many hospitals have
resorted to examining the urine under microscope
only if the urine dipstick is negative. Unfortu-
nately, this negates the value of microscopy as a
tool both to increase the sensitivity of urinalysis
and to directly visualize the elements in the urine.
The solution to this dilemma may be in new tech-
niques for automation of microscopy and urine
dipstick that allow more standardization and
decrease the number of samples that must be
reviewed by manual microscopy.

AUTOMATED URINALYSIS

Automated instruments for urinalysis have entered
hospital and reference laboratories and may soon
find their way to clinics. Due to discrepancies
among technicians, laboratories and hospitals,
automated techniques have been introduced in the
past 25 years to update urinalysis to the level of
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other standardized laboratory procedures. Auto-
mation exists on several levels. In a survey of local
hospitals, we found that most hospitals employ an
automated method for dipstick analysis but still
perform a manual microscopic evaluation. The
instrument typically reads the chemistries con-
tained on the dipstick by spectroscopy, reporting
these values to a computer interface. At the highest
level of automation, the instrument performs the
dipstick analysis as well as a count of the formed
elements in the urine. It takes up unspun, stained
urine in a thin layer and analyzes it by flow micros-
copy. Stop motion pictures are taken of each field
and the computer processes the images, sorts parti-
cles based on size, and counts them. The operator
then identifies the particles present and the instru-
ment reports the number of cells per high power
field.

Comparisons of both automated dipstick and
automated microscopy with manual methods
show good correlation between the two. Auto-
mated analysis of the urine dipstick has been shown
to have comparable results with a manual dipstick
except for specific gravity, which was better
measured manually31. Automated microscopy also
correlates well with manual microscopy for most
urine elements with the exception of casts. Signifi-
cantly more urine casts were found using manual
microscopic evaluation29,31,32. One report indi-
cated a sensitivity of 26–69% in automated detec-
tion of casts and recommended use of manual
microscopy when renal damage is suspected33.
Studies have shown that automated instruments
are more sensitive in the detection of both red
blood cells and white blood cells34–36. Leukocyte
counts correlated well with manual microscopy in
most studies and also predicted bacteriuria at
a value of > 2 cells/hpf 36. The automated
urinalysis system is especially useful at a lower
range of cell counts where the dipstick is insensitive
and the manual microscopic count is imprecise32.
The additional sensitivity may be due in part to the
fact that the specimen is not centrifuged before
analysis. One study found an additional 50% of
abnormal urine elements with automated urin-
alysis over manual microscopy34. However, a posi-
tive result in a low incidence population such as
asymptomatic patients would require further test-
ing. In addition to increased sensitivity, the

laboratory and hospital benefit from the technol-
ogy in a decrease in turn-around time, labor and
cost.

COST ANALYSIS

In discussing the usefulness of urinalysis, one must
discuss the issue of cost. UTIs prompt over 5.2
million doctors’ office visits per year yielding a
total US health-care cost of over 1 billion dollars2.
Cutting the costs in the diagnosis of a UTI can
result in significant savings in medical care. As
previously mentioned, urinalysis is valued because
it is an inexpensive alternative to ordering a urine
culture on every patient with urinary complaints.
Currently, a urine culture costs $35 while simple
urinalysis costs as little as $4. Automated urinalysis
at our institution costs the patient $13. Using
urinalysis to guide which urine samples to culture
can mean significant savings. Automated urinalysis
has also been proposed to cut down on the cost
associated with the diagnosis of a UTI. While the
initial expense of the equipment must be consid-
ered, this is balanced against a drastic decrease in
labor cost. Automation reduces the turn-around
time for each urinalysis, predominantly by decreas-
ing the number of urine samples that must be
viewed under manual microscopy32. Bartlett and
colleagues36 performed a cost analysis comparing
the Yellow IRIS (IRIS, Chatsworth, CA) as a
screening test to obtaining a urine culture on all
samples submitted36. The investigators assumed a
$16.32/h labor cost and found that to screen each
urine sample would cost 24¢, using 0.3 min for
accession, 0.5 min for analysis, and 0.1 min for
reporting results. This study demonstrated that
approximately 50% of the samples would require a
urine culture and still found significant savings by
screening with automated urinalysis36. In deter-
mining the savings to our institution and our
patients, we used a urine culture cost and urinalysis
cost given above. It would cost a laboratory receiv-
ing 25 000 urine samples/year $875 000 to screen
via urine culture and only $325 000 to perform a
urinalysis on each sample. If the urinalysis is posi-
tive for both significant leukocytes and bacteria in
the urine, no further testing is warranted and the
urinalysis results can be considered diagnostic for a
UTI. Should the urinalysis report bacteriuria
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without pyuria or the reverse then a urine culture
should be obtained to rule out a UTI. Even if
50% of these samples require further characteriza-
tion with a urine culture (based on the results of
the urinalysis and the prevalence of UTI in that
patient population) the total savings would exceed
$110 000 per year. This figure justifies the expense
of automated urinalysis workstations and advocates
the use of these machines not only to reduce cost in
diagnosing a UTI but also to enhance the reliability
of urinalysis as both a screening and diagnostic tool.

USING URINALYSIS TO DIAGNOSE A UTI

Most physicians order a urinalysis for any patient
with the presenting symptom of dysuria and may
only order a urine culture on those with a positive
urinalysis. The history may suggest a particular
diagnosis and this pretest probability must be taken
into account in evaluation of the urinalysis results
(Table 137). It has been suggested in the literature
that a positive urinalysis for both nitrites and leuko-
cyte esterase activity for a symptomatic patient
does not require further testing. A urine culture is
not warranted in these cases for several reasons: the
finding of pyuria and bacteriuria is 99.5% specific
for a UTI, most urinary pathogens are susceptible
to common antimicrobial therapy, and the possi-
bility of increased morbidity (associated with lower
sensitivity) is low for uncomplicated cases20.
Manual microscopy should not be overlooked,
even in the setting of automated urinalysis, if renal
damage is suspected. In this instance, visualization
of the urine would be necessary to look for specific
casts or crystals that may point to particular renal
pathology.

There are specific circumstances in which
urinalysis is insufficient and urine culture must be
used in making treatment decisions. Physicians
should order a urine culture on all patients with
symptoms suggestive of pyelonephritis or symp-
toms persisting 3 days after the initiation of
therapy. Further, a urine culture should be per-
formed in all cases of recurrent infection to deter-
mine the organism and its antibiotic sensitivities1.
It may be that the original infection involved an
unusual or resistant organism. In a low prevalence

population, such as in screening for asymptomatic
bacteriuria of pregnancy, a urinalysis is not sensi-
tive enough to rule out infection and a urine cul-
ture is necessary to determine the presence or
absence of a UTI38–40. In this population only
4–7% of patients may actually have a UTI but the
associated significant morbidity to both mother
and fetus warrants the expense of screening each
patient with a urine culture39.

Whether manual or automated, urinalysis will
help determination of the presence or absence of
leukocytes and bacteriuria in the urine. With this
knowledge, combined with the clinical presenta-
tion of the patient and the pretest probability of a
UTI, the clinician can decide whether to order a
urine culture or treat on the basis of these data.
Pyuria is the best indicator of those patients with
bacteriuria corresponding with active infection of
the urinary tract. Practicing clinicians need to be
aware of the method of urinalysis being performed
and the values of pyuria that correlate with infec-
tion (Table 2).
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Positive predictive value Specificity

Frequency
Lower abdominal pain
Loin pain
Dysuria
Hematuria
Fever

58%
59%
60%
65%
72%
78%

6%
36%
68%
28%
87%
85%

Table 1 Signs and symptoms of urinary tract infection.
Comparison of symptoms to a positive urine culture37

Cut-off
value

Bacteriuria
(cfu/ml)

Leukocyte excretion
rate10

Hemocytometer8

Leukocyte esterase
activity41

Manual microscopy26

Automated
microscopy36

400 000 cells/h
³ 10 cells/mm3

small
³ 8 cells/hpf

³ 2 cells/hpf

95% (³ 104)
> 96% (³ 105)

84% (³ 103)
82% (³ 103)

93% (³ 104)

Table 2 Correlation of pyuria with bacteriuria
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