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Testing and Interpreting Results
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Background. Rapid urine tests for infection (urinalysis, dipstick) have low up-front costs. However, many false
positives occur, with important downstream consequences, including unnecessary antibiotics. We studied indica-
tions, collection technique, and results of urinalyses in acute care.
Methods. This research was a prospective observational study of a convenience sample of emergency depart-

ment (ED) patients who had urinalysis performed between June 1, 2012 and February 15, 2013 at an urban teaching
hospital. Analyses were conducted via t tests, χ2 tests, and multivariable logistic regression.
Results. Of 195 cases included in the study, the median age was 56 and 70% of participants were female. There

were specific symptoms or signs of urinary tract infection (UTI) in 74 cases (38%; 95% confidence interval [CI],
31%–45%), nonspecific symptoms or signs in 83 cases (43%; 95% CI, 36%–50%), and no symptoms or signs of
UTI in 38 cases (19%; 95% CI, 14%–25%). The median age was 51 (specific symptoms), 58 (nonspecific symptoms),
and 61 (no symptoms), respectively (P = .005). Of 137 patients who produced the specimen without assistance, 78
(57%; 95% CI, 48%–65%) received no instructions on urine collection. Correct midstream clean-catch technique was
used in 8 of 137 cases (6%). Presence of symptoms or signs was not associated with a new antibiotic prescription, but
positive urinalysis (OR, 4.9; 95% CI, 1.7–14) and positive urine culture (OR, 3.6; 95% CI, 1.1–12) were. Of 36 patients
receiving antibiotics, 10 (28%; 95% CI, 13%–43%) had no symptoms or nonspecific symptoms.
Conclusions. In this sample at an urban teaching hospital ED, urine testing was not driven by symptoms. Im-

proving practice may lower costs, improve efficiency of care, decrease unnecessary data that can distract providers
and impair patient safety, decrease misdiagnosis, and decrease unnecessary antibiotics.
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Unnecessary antibiotics cause resistance, Clostridium
difficile diarrhea, side-effects, and allergic reactions
[1–3]. Inappropriate treatment of asymptomatic bacter-
iuria has been a target of quality improvement efforts,
including efforts to promulgate a national quality
improvement measure from the Infectious Diseases
Society of America [3–7].
The problem of inappropriate treatment of asymp-

tomatic bacteriuria has been studied most in long-

term care facilities but less in acute-care settings, such
as the emergency department (ED) [6]. There are 130
million US ED visits each year, accounting for 11% of
ambulatory healthcare visits and half of hospital admis-
sions [5, 6].Urinary tract infection (UTI) is the 4th most
common diagnosis among women aged ≥65 years [8].
The ED has been identified as an important site for an-
tibiotic stewardship, but these considerations apply to
all acute-care settings that perform urine tests [9].
Among the millions of acute-care diagnoses of UTI,

it is difficult to know how many are correct and how
many courses of antibiotics are justified. One study con-
cluded that 27% of ED patients with positive urine cul-
tures had asymptomatic bacteriuria not UTI [10].
Another study found that the prevalence of positive cul-
ture among elderly ED patients with no symptoms was
similar to that among those with vague symptoms such
as delirium, for which urinalysis is frequently done [11].
We report data from a prospective observational

study of ED patients undergoing urinalysis. We describe
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symptoms and signs, sampling technique, test characteristics,
and antibiotic use. Our objective is to look beneath the surface
of this deceptively simple test, to identify the complexities that
impair quality practice, and to provide a framework that can re-
solve these complexities to benefit future practice and research.

METHODS

We conducted a prospective observational study in the ED of an
urban teaching hospital between June 1, 2012 and February 15,
2013, enrolling a convenience sample of ED patients who had
urinalysis performed as part of usual care. Trained research as-
sistants identified cases by monitoring our electronic tracking
system, which displays an icon when urine test results are avail-
able. This study was reviewed by our institutional review board
and was exempted from review because it was determined to
have the legal or ethical status of “quality improvement activity”
rather than “human subjects research.” Nevertheless, each pa-
tient who was interviewed gave verbal consent to participate.
Using structured data forms, data were collected by interview of

patients and providers. Participants were asked to describe sample
collection step-by-step. Females were shown an anatomically cor-
rect drawing of the vulva to determine specifically what actions
they took in preparing to give the specimen. We define correct
midstream clean-catch technique as obtainment of a midstream
specimen after wiping the urethral opening with an antiseptic
towelette, with separation of labia and wiping from front to
back by women, or retraction of foreskin by uncircumcised men.
We define a urinalysis as positive if it contains nitrites, leuko-

cyte esterase, bacteria, or >10 white blood cells per high-power
field. We define positive urine culture as >100 000 colony-
forming units of a single species (voided) or >100 colony-
forming units of a single species (catheterized) [8].
We define UTI as urethritis, cystitis, or pyelonephritis. How-

ever, the simplicity of this definition belies some important

problems with construct validity. The concept “UTI” has high
validity when applied to a healthy young female with no sexual
exposures who presents with acute dysuria, pyuria, and bacter-
iuria on urinalysis, and a positive urine culture. Construct valid-
ity is much less clear in the case of an 80-year-old woman
with dementia who presents with a slight decline in functional
status and happens to have pyuria and a positive culture. Yet
both of these patients may receive antibiotics “for UTI” if
seen in an acute-care setting. Therefore, we classify patients
with positive urine cultures into 3 groups: (1) those with specific
symptoms of UTI, (2) those with vague symptoms that are tra-
ditionally associated with UTI, and (3) those with no symptoms
(Table 1).
We report descriptive results as percentages and 95% confi-

dence intervals (CIs) and P values via χ2 testing. We used mul-
tivariable logistic regression to assess predictors of use of
antibiotics, with the following independent variables: urinalysis
results, urine culture results, and symptoms. We used SAS 9.2
(Cary, NC) for all analyses.

RESULTS

We enrolled 199 subjects who had urinalysis. Four analyses
(2%) were ordered for specific reasons other than detecting
UTI and were excluded, leaving 195 as our study sample. De-
mographic details are provided in Table 2.
There were specific symptoms or signs of UTI in 38% (95%

CI, 31%–45%), nonspecific in 43% (95% CI, 36%–50%), and
none in 19% (95% CI, 14%–25%). Median ages were 51, 58,
and 61, respectively (P = .005). This result indicates that urine
testing is done for less specific reasons among older patients.
Symptom category did not vary by sex (P = .18). However, sex

was an effect modifier of the relationship of age to indication.
Among women, median ages by indication category were
38 (specific), 58 (nonspecific), and 58 (none), respectively

Table 1. Symptoms of Urinary Tract Infectiona

UTI Symptoms/Signs Present Testing
for UTI Indicated

UTI Symptoms/Signs Nonspecific Indication
for Testing for UTI Ambiguous

UTI Symptoms/Signs Absent Testing
for UTI Not Indicated

Any of the following symptoms or signs:
• Dysuria
• Urgency
• Frequency
• Flank pain
• Hematuria
• Costovertebral angle tenderness on

percussion
• Sepsis with no other source
• Acute urinary retention
• Acute nephrolithiasis
• Obstruction of urinary catheter

Any of the following symptoms or signs:
• Unexplained acutely altered mental

status
• Fever with no other explanation
• Rigors with no other explanation

All other patients:
• For example, urine testing is not indicated

“just because the patient is being
admitted” or “just because he fell.”

Abbreviations: UTI, urinary tract infection.
a This schema does not apply to patients with impaired ability to manifest symptoms, such as those with spinal cord injury or those who are comatose.
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(P < .001); however, among men, there was no significant age
variation among the 3 indication groups, with median ages of
67, 61, and 68, respectively (P = .30). This finding reveals
more specific indications for testing among young women, rel-
ative to older women and men.
Of the 195 subjects, there was no order for the urinalysis in

7% of cases (95% CI, 3.5%–11%). As a reminder, our site has no
point-of-care testing. A higher rate of tests without orders
would be expected at sites with point-of-care testing, because
point-of-care testing does not require involvement of a central
laboratory.
Urine specimens were voided in 82% of cases and collected

via catheterization in the remainder. In-person interviews re-
vealed that, of 137 patients who produced the specimen without
assistance, 78 (57%; 95% CI, 48%–65%) received no instructions
from ED staff on urine collection. Results were similar for males
(51%) and females (59%) and did not vary by age (P = .77).
Among participants producing a voided specimen without

assistance, correct midstream clean-catch technique was used
in 8 of 137 cases (6%).
Urinalysis results were positive in 76 cases (39%; 95% CI,

32%–46%). Of the 195 subjects, urine culture was sent in addi-
tion to urinalysis in 83 (43%; 95% CI, 36%–50%). Urine culture
was sent in 59% of subjects with positive urinalysis, versus 32%
of subjects with negative urinalysis (P < .001).
Table 3 summarizes the test characteristics of urinalysis as a

proxy for urine culture. The sensitivity of urinalysis as a proxy
for culture was 81% (false-negative rate, 19%) and the specificity
was 54% (false-positive rate, 46%). More importantly, this result
describes the accuracy of urinalysis as a proxy for a positive
urine culture, not as a predictor of UTI. This distinction is im-
portant because UTI is often not present even when the culture
is positive, due to contaminated specimens and asymptomatic
bacteriuria [1]. If there were a truly accurate test for bona fide
UTI, the test characteristics of urinalysis as a proxy for that
test would be worse.
We also analyzed the sensitivity and specificity of urinalysis

as a proxy for urine culture by symptom category. These results
are presented for descriptive purposes only, because the study
was not powered to detect differences in test categories
among these small subsets of patients, precluding meaningful
statistical comparison among these groups. Among patients
with specific symptoms of UTI, sensitivity of urinalysis for
urine culture was 92% and specificity was 48%. Among those
with nonspecific symptoms, sensitivity was 57% and specificity
was 58%. Among those with no symptoms of UTI, sensitivity
was 24% and specificity was 76%.
Of the 60, 24 received the antibiotics for a non-UTI indica-

tion, while 36 received antibiotics with no explanation other

Table 3. Test Characteristics of Urinalysis As a Proxy for Urine
Culture Among Patients With Urinalysis and Urine Culture Sent
During Routine Carea

Urinalysis Result

Urine Culture Result

Abnormal Normal

Positive for infection 17 28
Negative for infection 4 34

Results (Test characteristics [95% confidence intervals])

Sensitivity: 81% (64%–98%)
Specificity: 54% (42%–67%)

Negative predictive value: 89% (80%–99%)

Positive predictive value: 38% (24%–52%)
Likelihood ratio negative 0.35 (0.03–0.67)

Likelihood ratio positive 1.8 (1.2–2.4)

a We define a urinalysis as positive if it contains nitrites, leukocyte esterase,
bacteria, or >10 white blood cells per high-power field. We define a urine
culture as positive if it results in >100 000 colony-forming units of a single
species (voided) or >100 colony-forming units of a single species
(catheterized) [8].

Table 2. Characteristics of Emergency Department Patients Who
Had Urinalysis

Characteristic n (% of 195)

Age (median, interquartile range) 56 (40–70)

Female sex 137 (70)
Disposition

Home 106 (54)

Floor 79 (41)
Intensive care unit 6 (3)

Transfer 4 (2)

Long-term care facility resident 10 (5)
Symptoms of urinary tract infection

Specific 74 (38)

Nonspecific 83 (43)
None 38 (19)

Provider order for the urinalysis? 181 (93)

EM attending or PGY3+ EM resident 40 (21)
PGY1 or 2 EM resident or non-EM resident 55 (28)

Physician Assistant 86 (48)

No order 14 (7)
Collection technique

Voided 160 (82)

Catheterized 35 (18)
Among 137 unassisted voided specimens, how many
received instructions?

78 (57)

Urine culture ordered 82 (42)

Urine culture done 83 (43)
Urine culture positive (% of cultures done) 21 (25)

Main clinical diagnosis for visit

Was main diagnosis infectious? 43 (22)
Antibiotic given in emergency department? 60 (31)

Abbreviations: EM, emergency medicine; PA, physician assistant; PGY,
postgraduate year.
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than suspected UTI. In this group of 36, symptoms were asso-
ciated with the decision to use antibiotics: antibiotics were given
to 3% of those with no UTI symptoms, 13% of those with non-
specific symptoms, and 40% of those with specific UTI symp-
toms (P for trend <.001). However, to control for how
urinalysis results influence decision-making irrespective of
symptoms, we fit a multivariable model with antibiotic use as
the dependent variable and the following predictors: positive
urinalysis, positive urine culture, indication (specific, nonspecif-
ic, none [see Table 1]). In this controlled analysis, presence of
symptoms and signs was not associated with antibiotic use, but
positive urinalysis (OR, 4.9; 95% CI, 1.7–14) and positive urine
culture (OR, 3.6; 95% CI, 1.1–12) were.

DISCUSSION

Despite low barriers and low up-front cost, rapid urine testing
for infection is complex. When rapid urine tests are done
without appropriate indications and collection methods, down-
stream consequences may include misdiagnosis and unneces-
sary antibiotics. To clarify the complexities of urine testing in
the acute-care setting, we studied a convenience sample of
adult ED patients who had urinalysis. Our results suggest that

testing is not driven by symptoms and that rapid test results,
rather than symptoms, drive antibiotic utilization.
To put our results in a context that may be helpful in plan-

ning future work, we present a framework that dissects the com-
plexities underlying this deceptively simple process (Figure 1).
Step 1 addresses symptoms. When vague symptoms such as de-
creased functional status are present, there is no good way to
differentiate UTI from coincidental asymptomatic bacteriuria,
which is present in up to half of elderly female residents of
long-term care facilities [1, 6]. These patients risk not only ex-
posure to unnecessary antibiotics, but they also risk having the
true diagnosis missed due to the cognitive error known as “pre-
mature closure.” Older adults bear the brunt of these risks, be-
cause the prevalence of asymptomatic bacteriuria increases with
age, as does the physical difficulty of correctly producing a mid-
stream clean-catch specimen. In the present sample, just over
one third of urinalyses were done without specific symptoms,
and urinalysis was done without specific symptoms more com-
monly. Step 2 addresses which patients with no UTI symptoms
should have testing for UTI. There is broad consensus that preg-
nant women and patients about to undergo urologic surgery
should have their urine tested and sterilized [1]. The Infectious
Diseases Society of America, the Centers for Disease Control

Figure 1. Framework for education and quality improvement regarding rapid urine tests in acute care of adults. © 2013 Daniel J. Pallin, used with
permission.
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Figure 2. Educational Tools for Improving the Accuracy of Urine Testing. Developed by the Massachusetts Infection Prevention Partnership, which in-
cludes the Massachusetts Coalition for the Prevention of Medical Errors, Massachusetts Department of Public Health, and Massachusetts Senior Care
Association, with its clinical advisors: Ruth Kandel MD, Director Infection Control, Hebrew Senior Life; Daniel Pallin MD, MPH, Director of Research, Brig-
ham & Women’s Hospital Department of Emergency Medicine; and Shira Doron MD, Antimicrobial Steward & Associate Hospital Epidemiologist, Tufts
Medical Center. Used with permission.
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Figure 2 continued.
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and Prevention, and other bodies offer strong guidance that no
other patients should be treated for asymptomatic bacteriuria
[1, 12]. However, in other areas, the relevance of these recom-
mendations is questioned. For example, most orthopedic sur-
geons require testing for UTI before open reduction and
internal fixation procedures, based on expert opinion, low-qual-
ity and conflicting evidence, and despite the fact that these pa-
tients will, in any case, receive a large dose of a cephalosporin
before the skin incision [13–15]. Likewise, although it may not
be recommended in any credible text, many clinicians believe
that all patients being admitted to the hospital should have a
urinalysis and that positive results should lead to antibiotic
treatment, regardless of symptoms.
Step 3, an order for urine testing is a domain particularly rel-

evant to the acute-care setting. Nurses and nurses’ aides are ef-
ficient when they “hold” samples in anticipation of prescribers′
orders, but they communicate with the responsible prescriber
before initiating testing. For Step 4, although special collection
technique may not be required for accurate urine culture, it is
quite important for accurate rapid testing (urinalysis or dip-
stick) [16, 17]. Patients who are elderly, acutely or chronically
ill, or disabled may have difficulty understanding or performing
the maneuvers necessary for correct specimen collection [16,
17]. Two assistants may be required to obtain noncontaminated
urine in this population. One study reported a 57% false-posi-
tive rate for urine cultures collected by midstream clean-catch in
elderly hospitalized women [18]. Busy clinicians may not un-
derstand the importance of collection technique nor take the
time to provide appropriate instructions. Indeed, in our sample,
correct midstream clean-catch technique was used in <5% of
cases. Evidence suggests that good instructions do improve
technique, although we had so few examples of correct technique
that statistical comparison was not possible [17]. Step 5 relates to
interpretation of rapid urine test results. Prior studies have found
a false-negative rate for rapid urine tests of approximately 20%
[19], similar to our observed false-negative rate of 19%. Positive
results are even more fraught, because of the following: (1) poor
collection technique will produce a falsely positive specimen; (2)
pyuria is a normal finding in the setting of asymptomatic bacter-
iuria [20]; (3) pyuria is a normal finding in the setting of acute
nephrolithiasis [21]; and (4) positive nitrite is a specific indicator
of the presence of bacteriuria but cannot differentiate UTI from
poor collection technique or asymptomatic bacteriuria. As seen in
the present data, the accuracy of urinalysis as an indicator of a
positive urine culture is quite poor; we observed a sensitivity of
81% and a specificity of 54%. Urinalysis as an indicator of UTI
is even poorer, because many patients with positive cultures do
not have infections but rather have asymptomatic bacteriuria.
This problem increases with age and debility, along with the prev-
alence of asymptomatic bacteriuria [1].
Step 6 addresses therapy. Our analysis suggests that use of

antibiotics was determined by tests results, not patients’

symptoms. In Step 7, the decision is made whether to obtain
a urine culture. In Step 8, the results of the urine culture are ob-
tained and interpreted. In adults residing in long-term care fa-
cilities, great progress has been made in discouraging antibiotic
use in the absence of relevant symptoms [1, 6]. In the acute-care
setting, the first step should be judicious test ordering. However,
inevitably, some adults with vague or absent symptoms will be
found to have pyuria. In this case, the crucial distinction might
be patient stability. Patients with sepsis should be treated ag-
gressively.However, for patientswhoare stable, the best approach
may be observation with mindfulness of the prevalence of
asymptomatic bacteriuria.
Improving practice in this area requires education. The most

important piece of information is the high prevalence of asymp-
tomatic bacteriuria among the elderly, especially elderly female
residents of long-term care facilities. Figure 2 demonstrates ed-
ucational materials that have been used in seminars around
Massachusetts.

Limitations
The data reported in this paper were from a convenience sam-
ple, and thus results cannot be presumed representative of all
patients. As discussed above, our center has no point-of-care
testing; centers with point-of-care testing probably have more
frequent testing without orders and worse test performance,
due to further separation of symptoms and testing. It would
be valuable to repeat this study in a multicenter design, with
comprehensive sampling, and include centers with point-of-
care urine dipstick testing.

CONCLUSIONS
Urinalysis and urine dipstick tests for infection are easy to ob-
tain and inexpensive initially, but their results are complex to
interpret and can have important downstream consequences.
In this sample at an urban teaching hospital ED, urine testing
was not driven by symptoms.
Some approaches to improving practice include the

following. Nurses and aides should communicate with pres-
cribers rather than initiate tests, and, when communication
is not immediately possible, they should “collect and hold”
rather than perform tests. Appropriate collection techniques
should be emphasized. Prescribers should order urine testing
only with specific justification, and they should be mindful
of the high prevalence of asymptomatic bacteriuria as they de-
cide whether to order tests and how to interpret their results.
Watchful waiting and attention to differential diagnosis are
important in the setting of positive results, due to poor test
specificity.
Improving practice in this area may lower costs, improve ef-

ficiency of care, decrease unnecessary data that can distract pro-
viders, decrease misdiagnosis, and decrease unnecessary
antibiotics.
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