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Abstract

urine culture.

Objective: Assess varying levels of leukocyte esterase presence on urine dipstick as a risk factor for positive

Materials and methods: Retrospective evaluation of outpatient laboratory data from Beloit Memorial Hospital
obtained randomly from samples in outpatient settings in the year 2016. 2000 urine results obtained from automated
urine dipstick and microscopy analysis. From the 2000 samples, 1123 patients randomly selected and grouped into
controls and case participants based on positive urine cultures. Information gathered included age and gender.

Conclusion: Leukocyte esterase on dipstick analysis at “large” or “moderate” levels are both independent
positive predictors of positive urine culture. “Small” level of leukocyte esterase has no predictive value for positive
urine culture and “trace” leukocyte level has a negative predictive value for a positive urine culture.

Keywords: Leukocyte esterase; Microscopy analysis; Positive urine
culture

Introduction

Urinary Tract infection (UTI) is a frequent outpatient diagnoses.
It is common practice to obtain urine for dipstick and microscopy
analysis for gastroenterology or genitourinary complaints. The
challenge comes with interpretation since gold standard continues to
be the delayed urine culture. Leukocyte esterase is an indicator on the
urine dipstick analysis. Leukocyte esterase is an enzyme in neutrophils
and macrophages that is released when those cells are injured. Based on
Pappas article from 1991 “Leukocyte esterase may be used to detect >10
leukocytes per high power field (sensitivity of 75% to 96%; specificity
of 94% to 98%” [1]. How well does varying levels of leukocyte esterase
equate to a positive urine culture which is the gold standard?

Another 2004 article by Deville’ et al. reviewing the sensitivity and
specificity of “BOTH nitrites and leukocyte esterase tests are positive
then sensitivity (for bacterial UTI) 68% to 88%” [2]. This article
combined the data rather than assessing leukocyte esterase separately.
Once again, literature review reviewed sensitivity and specificity data
of leukocyte esterase but in combination with presence of blood, not
as a separate entity. “Nitrites OR leukocyte esterase AND blood had
sensitivity and specificity 75 and 66%” [3].

As stated by a meta-analysis of nitrites “overall the sensitivity of
urine dipstick test for nitrites was low (45% to 60% in most situations)
with high levels of specificity (85% to 98%) [2]. Nitrite positive
dipstick allows provider to more confidently make the diagnosis of
UTI Unfortunately, nitrites generally only present if patient infected
with Enterobacteriaceae organism that generates this by product by
metabolism of nitrates. In order to detect nitrites in urine the patient
cannot void for approximately 4 hours [4]. This is a problem when your
patient is voiding less than every 4 hours which is common scenario in
patient with suspected UTL

If a medical provider reviews Medical textbook regarding the
diagnostic testing in urinary tract infections (UTI) the following
information is available. Harrison’s Guide to Internal Medicine
states “The leukocyte esterase dipstick method is less sensitive than

microscopy in identifying pyuria but is useful alternative when
microscopy is not feasible” [5]. Rosen’s Emergency Medicine mentions
“urine dipstick testing for leukocyte esterase has shown sensitivity 75%
to 96% in detecting pyuria associated with urinary tract infection” [6].
Merck Manual states “the leukocyte esterase is very specific for presence
of >10 WBC’s/microliter and is fairly sensitive [7]. “Epocrates™ A
urinary tract infection is indicated by urinalysis test result of “positive
for leukocyte esterase, nitrites, and Hgb.”

Previousliterature suggests that treatment in afebrile uncomplicated
adult patient with no vaginal discharge with classic genitourinary
symptoms can be treated without urinalysis. “In women who present
with 1 or more symptoms of UTI the probability of infection is
approximately 50%. Specific combinations of symptoms (dysuria AND
polyuria) raise the probability of UTI to more than 90% [8].

The problem is that patients will visit an outpatient setting
for treatment with only one genitourinary complaint (“dysuria”),
normal vitals and possibly another symptom such as mild suprapubic
pressure. Often the initial assessment involves a urinalysis. A complete
blood count may not be justifiable or immediately obtainable. Even
more difficult is the urban or rural urgent care setting where urine
microscopy may not be available. Often the urinalysis dipstick will
indicate “small” or “trace” leukocytes and 5-10 WBC (if microscopy
available). Previous literature has not looked at the varying levels of
leukocyte esterase on the dipstick and the correlation of those levels
with a positive urine culture. In the age of antibiotic resistance and thus
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the judicious use of antibiotics, medical providers have to decide based
on a marginal urinalysis result with “trace” or “mild” leukocyte esterase
to treat the patient with antibiotics or wait for culture and then utilize
more resources later as you contact the patient if the urine culture is
positive. Just on the 1123 samples in this study, 442 sample were “mild”
or “trace” which is 40% of the data.

Materials and Methods

Data base “Path Net” was accessed by Microbiology staff for
patient urine laboratory information at Beloit Memorial Hospital.
2000 outpatient samples were randomly selected from each month
of the year 2016. Urinalysis was initially completed by Siemens Atlas
analyser. This laboratory equipment utilizes colorometric change for
detection of leukocyte esterase. The degree of color change quantifies
the classification of leukocyte esterase level. At the time this study was
completed all urine samples at Beloit Memorial hospital are plated for
growth. Leukocyte esterase levels are resulted as “large”, “moderate”,
“small” and “trace”. Other hospital and clinic labs may result leukocyte
esterase in numerical values. According to the CLINITEX Novus

Operations Guide [9].
Large=3+; Moderate=2+; Small=1+; and Trace=Trace

492 of the samples were positive for urine culture growth indicative
of true UTT bacturia based on laboratory standards from Cumitech 2C
Laboratory Diagnosis of Urinary Tract Infections [10].

Utilizing accession numbers from laboratory data I was able to
access patient medical record number to determine age and gender of
the studied patient population (Figures 1 and 2).

Results

Odds ratio (OR) was utilized to determine association between

Control group: age & gender frequency
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Figure 1: Control group: Age and gender frequency.

Case Patients: age & gender frequency
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Figure 3: LE Level and culture result.

“Large” (3+) LE 2 x 2 table

141 39

347 596

OR=6.21

Confidence Interval (Cl) 4.25-9.07

p-value: 2.5 x 105<0.05

H,: OR>1, so “Large” LE has strong association with Positive Urine culture (+UC)

Table 1: Large leukocyte esterase.

“Moderate” (2+) LE 2 x 2 table

115 103

373 532

OR=1.59

Confidence Interval (Cl) 1.18-2.14

p-value: 0.0014<0.05

H,: OR>1, so “Moderate” LE has strong association with Positive Urine culture (+UC)

Table 2: Moderate leukocyte esterase.

“Small” (1+) LE 2 x 2 table

140 170

348 465

OR=1.10

Confidence Interval (Cl) 0.84-1.43

p-value: 0.2592>0.05

H,: OR=1.1, so “Small’ LE has no association with Positive Urine culture (+UC)

Table 3: Small leukocyte esterase.

“Trace” LE 2 x 2 table

35 97

453 538

OR=0.43

Confidence Interval (Cl) 0.29-0.65

p-value: 0.000015627<0.05

H,: OR<1, so “Trace” LE has strong negative association with Positive Urine

Figure 2: Case Patients: Age and gender frequency.

culture (+UC)

Table 4: Trace leukocyte esterase.

Leukocyte esterase and positive urine culture given case control
study. The data for the 2 x 2 frequency table was obtained from
Figure 3. Formula ad/bc for odds ratio [11]. 2 x 2 data and OR
values then applied to mathematical formula for Confidence interval:
eA[ln(OR)+/—l.96\/l/a+1/b+1/c+1/d] With 5% level of
significance, the p-value has been determined utilizing Fisher exact test
(Tables 1 and 2).

For all categories, “Large”, “Moderate”, “Small” and “Trace”
Leukocyte Esterase, we define the null hypothesis (HO: OR=1), that is to
say, Leukocyte Esterase is not associated with the positive urine culture
(Tables 3 and 4).
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Discussion

Leukocyte esterase has a strong predictive value of positive
urine culture at “moderate” or “large” levels based on statistical
hypothesis testing of odds ratio. Leukocyte esterase at “small” levels
has no predictive value for association with positive urine culture thus
accepting null hypothesis. “Trace” leukocyte esterase has NEGATIVE
predictive value for association with positive urine culture therefore
rejecting null hypothesis.

Out of 1123 urine samples only 398 were positive for “large” or
“moderate” LE and 442 sample were “small” or “trace”. Determining
association for all levels of LE is pertinent given that the majority of
urine samples in this data set are not “large” or “moderate” and more
closely resembles the distribution in the typical outpatient setting.
Applying statistical analysis to the LE levels gives the provider more
confidence in opting for medicinal intervention or not.

Conclusion

Specifically, the results can be applied in outpatient clinics where
microscopy is not readily available, and symptoms are vague. Possibly
the information may help to curb unnecessary antibiotic prescriptions.
The data can also support the reduction of additional processing of
select urine samples sent to laboratories for further evaluation. This
reduction of higher level of testing will ultimately decrease health care
costs for the patient and the clinic.
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