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Is Urine Leukocyte Esterase Test a Useful Screening Method
To Predict Chlamydia trachomatis Infection in Women?
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We evaluated the use of the leukocyte esterase test (LET) on first-catch urine specimens from women as a
screening test to predict infection with Chlamydia trachomatis. For diagnosis, we used Abbott’s ligase chain
reaction (LCR) on urine specimens and isolation by tissue culture (TC) on cervical brushes. Of 4,053 women
attending sexually transmitted disease and family planning clinics, 4.3% (n 5 174) were positive by TC and
5.9% (n 5 239) were positive by LCR. When LET was compared to TC, the sensitivity, specificity, positive
predictive value, and negative predictive value were 54.0, 67.0, 6.8, and 97.0%, respectively. The corresponding
performance of LET versus LCR was 53.1, 67.3, 10.1, and 95.8%. Almost half of the laboratory-confirmed
chlamydial infections were negative by LET. The low specificity probably reflects multiple causes of pyuria in
women and results in a low positive predictive value. LET is neither sensitive nor specific as a predictor of
chlamydial infection and cannot be recommended for use as a screening test for C. trachomatis with first-catch
urine samples from females from low- or moderate-prevalence populations.

Chlamydia trachomatis is the most prevalent sexually trans-
mitted bacterial disease in the United States, with an annual
incidence of greater than four million infections (4). Conse-
quences of these infections in women include pelvic inflamma-
tory disease, tubal infertility, and ectopic pregnancy (3, 7). An
effective control strategy would include screening and treat-
ment. In the past, the most sensitive method for identification
of chlamydial infections has been tissue culture (TC) isolation
of cervical and urethral swab specimens. This method, even
with optimal sampling and transport conditions, is a time-
consuming and labor-intensive process not readily adapted for
screening of large populations. Subsequent development of an-
tigen detection assays, such as enzyme immunoassays (EIAs), has
increased the availability of screening and the convenience of
specimen handling. EIAs are now being used with first-catch
urine (FCU) from symptomatic males to detect C. trachomatis
(12). However, there are numerous drawbacks to their use:
they are recommended primarily for screening of symptomatic
men and are less sensitive than TC. EIAs have performed
poorly in detecting chlamydial infections in female FCU.
There continues to be a need for a rapid, sensitive, specific, and
noninvasive diagnostic assay for chlamydial infections. Pre-
screening or selective screening with such an assay would en-
rich the yield of infections and result in a greater potential for
cost-effective chlamydia screening.
The leukocyte esterase test (LET) detects the presence of an

esterase that is released by polymorphonuclear leukocytes in
urine. It is an inexpensive, rapid, and convenient alternative to
microscopic examination for polymorphonuclear leukocytes in
the clinic setting. Past studies of the LET using FCU from
asymptomatic males reported various sensitivities in the range
of 41 to 100% and specificities of 52 to 100% (10, 12, 13, 18,
19). Shafer and colleagues were able to demonstrate that a
screening strategy based upon prescreening of male FCU with
LET followed by a confirmed EIA (positives retested by direct

fluorescent-antibody staining) had a useful performance pro-
file (67% sensitivity and 100% specificity) and was cost-effec-
tive (18, 19). On the basis of results from male studies, the LET
has been considered for screening of female FCU as well. The
performance of the LET on women has been compared to TC
isolation of C. trachomatis and culture of Neisseria gonorrhoeae
from cervical swabs by Lewis and colleagues (9). They reported
the sensitivity, specificity, positive predictive value (PPV), and
negative predictive value (NPV) of LET to be 81, 67, 60, and
85%, respectively.
Ligase chain reaction (LCR; Abbott Laboratories, Abbott

Park, Ill.) is a DNA detection method for C. trachomatis in-
fections which provides amplification of target sequences
within the chlamydial cryptic plasmid. In one large multicenter
evaluation, LCR was able to detect 94.4% of cervical infections
versus 65% detection by TC (17). With female FCU, LCR also
has a comparable sensitivity of 87.5 to 96.3% versus 55.6 to
67.1% by TC (2, 5, 8, 16). LCR has also been reported to be as
sensitive (93.5 to 96.4%) for male FCU (5, 6). Given the
significant increase in sensitivity offered by LCR, we reevalu-
ated LET with female FCU by using LCR and TC as the ‘‘gold
standard.’’

MATERIALS AND METHODS

Specimen collection. Female patients attending the San Francisco City Clinic
Sexually Transmitted Disease Clinic and the San Francisco General Hospital
Teen Family Planning Clinic were screened for C. trachomatis. The majority of
these patients were asymptomatic. Initially, 25 to 50 ml of FCU was obtained in
a sterile collection cup. A pelvic examination was then performed. Excess mucus
or discharge was removed from the cervix with a large cotton swab or sponge. A
cytobrush was rotated against the endocervical canal and placed into chlamydia
transport medium (2.0 ml of Eagle minimal essential medium in Earle salts
containing 10% fetal calf serum, 1% L-glutamine [200 nM solution], 10 mg of
gentamicin per ml, 100 mg of vancomycin per ml, 10 U of mycostatin per ml, and
0.003 mmol of glucose per ml). All specimens were stored at 48C until transport
to the laboratory.
TC isolation. For TC isolation, we used a modification of the procedure of

Ripa and Mardh (14). Specimens were inoculated onto McCoy cells in 1-dram
(3.697-ml) shell vials within 72 h of collection. The specimens were centrifuged
(2,700 3 g) for 1 h, and monolayers were treated with cycloheximide (1 mg/ml).
After 48 h of incubation at 358C under 5% CO2, one vial of each specimen was
fixed with ethanol and stained with a fluorescent antibody (Syva MicroTrak C.
trachomatis Culture Confirmation Reagent). Coverslips were scanned at a mag-
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nification of 3250 for typical apple green inclusions of C. trachomatis. The
number of inclusions seen per coverslip was scored. All negative specimens
(positives were all amplified by passage and stored) were blind passaged at 4 days
and treated in the same manner.
LET. For LET, urine specimens were stored at 48C for up to 72 h after

collection. Most of the specimens were tested within 24 h; approximately 10 to
15% were tested at 72 h (specimens collected on Friday were tested on Monday).
Before testing, the samples were brought to room temperature and mixed thor-
oughly. The LET dipstick (Chemstrip 2 LN; Boehringer Mannheim, Indianap-
olis, Ind.) was dipped into urine (approximately 1 s) and read within 1 to 2 min.
The test result was rated according to a Boehringer Mannheim four-item color
scale (zero, trace, 11, 21). A result of trace or above was considered positive.
To ensure that LET results were not affected by a maximum 72-h postcollec-

tion interval, we tested 89 urine specimens within 24 and 72 h postcollection. Five
(5.6%) had a modest change in LET result (three from trace to negative, one
from 21 to 11, and one from negative to trace).
LCR assay. The LCR test has been previously described (8). The assay targets

DNA sequences within the C. trachomatis cryptic plasmid. Urine specimens were
stored at 48C and batch tested with 7 days of collection; all samples were treated
through the heating stage within 4 days. For sample preparation, 1 ml of FCU
was placed into a microcentrifuge tube and cytospun (13,0003 g) for 10 min. The
supernatant was aspirated. The urine pellet was then resuspended in LCR buffer
and heated at 1008C for 15 min. For DNA amplification, 100 ml of each sample
and control was added to a microcentrifuge tube containing a predispensed LCR
mixture of four oligonucleotide probes and a thermostable enzyme (ligase). The
tube was inserted into a Perkin Elmer 280 Thermocycler programmed for 40
cycles of 1 s at 978C, 1 s at 558C, and 50 s at 628C. An automated microparticle
EIA was used to detect amplicons on Abbott’s IMX. Total assay time was 4 to 5
h per 36 samples.
Resolution of discrepant LCR results. Samples that were TC negative and

LCR positive were further evaluated by direct fluorescent-antibody assay. The
remnants of the original TC specimen were microcentrifuged for 20 min. Smears
were made from the sediment, air dried, and fixed with methanol. Syva Micro-
Trak C. trachomatis direct fluorescent antibody was used to stain the slide.
Detection of $2 elementary bodies was considered a positive result. If the direct
fluorescent-antibody assay was negative, the FCU was tested by LCR with probes
targeting a portion of the C. trachomatis major outer membrane protein gene. If
neither the major outer membrane protein gene nor elementary bodies were
detected, the original positive LCR result was considered a false positive.
Statistical methods. Sensitivity, specificity, and predictive values were calcu-

lated by standard techniques (15). Statistical comparisons were made by using
the z statistic for comparing proportions.

RESULTS

Of the 4,053 women tested, 4.3% (n5 174) were positive for
chlamydial infection by TC versus 5.9% (n 5 239) by LCR.
When LET was tested against the expanded gold standard
(TC- and/or LCR-confirmed positive result), the sensitivity,
specificity, PPV, and NPV were 51.5, 67.3, 10.1, and 95.1%,
respectively (Table 1).
Table 2 shows the performance profile of LET compared

with those of the TC and LCR standards separately. The LET
sensitivity and the specificity were approximately the same for
both standards. The PPV increased from 6.8% with TC to
10.1% with the more sensitive LCR standard. The NVP de-
creased from 97.0 to 95.8%.
Table 3 shows the distribution of first-pass positive TC spec-

imens by inclusion count (#100 and.100 inclusions) and LET
result. The difference in the percentages of samples negative by
LET between the low- and high-titer groups was of borderline

statistical significance: 52.2% LET negative in the #100-inclu-
sion group versus 36.1% LET negative in the .100-inclusion
group (P 5 0.0574).

DISCUSSION

In this study, LET performance as measured against TC and
LCR was clearly not adequate for a recommendation that it be
used as a screening tool for chlamydial infections in females.
The sensitivity and specificity were poor: almost half of the
infections were in women with a negative LET. Previous per-
formance profiles of the LET with male and female FCU were
based upon a comparison with TC (1, 9, 10, 13, 18, 19). It was
thought that a more sensitive diagnostic test might improve
LET performance. With the use of LCR on FCU, 65 more
infections were detected than with TC of cervical specimens.
However, rather than detection of more chlamydial infections
in LET-positive FCU specimens, it was found that many of the
LCR-positive specimens were LET negative. Consequently,
LET performance is particularly poor in light of this expanded
comparison.
Previous work done by Lewis and colleagues (9) evaluated

the performance of LET in detecting both gonococcal and
chlamydial infections. Their sample (n 5 206) had a high
gonococcus prevalence (35%) and a moderate C. trachomatis
prevalence (10%). Only 22 TC-positive chlamydial specimens
were tested against LET, and no data were offered for LET
performance specifically with respect to chlamydial infections.
Thus, our study data are not directly comparable to those of
Lewis’ study. The gonococcus prevalence in this population
was roughly 2.5% (4.0% sexually transmitted disease clinic,
0.9% family planning clinic), and the chlamydial prevalence
was 7%. We do not have matched gonococcus results for this
particular study, but the low prevalence of gonococci in our
population would not alter the conclusion that LET does not
perform well in low-prevalence populations. A positive LET
could result from chlamydial or gonococcal infection, and any
screening approach would have a higher PPV in a higher-
prevalence setting. Obviously, there are reasons for a positive
LET other than chlamydial or gonococcal infections, and in the
low-prevalence populations, these compromise LET as a
screening tool for these bacterial sexually transmitted diseases.
We found that positive LET results were correlated with

TABLE 1. Performance profile of LETa with female FCU against
cervical TC and LCR for detection of C. trachomatis

Result
TC or LCR

Positiveb Negative Total

LET positive 139 1,236 1,375
LET negative 131 2,547 2,678
Total 270 3,783 4,053

a Prevalence, 6.7%; sensitivity, 51.5%; specificity, 67.3%; PPV, 10.1%; NPV,
95.1%.
b Confirmed positive by TC and/or LCR.

TABLE 2. LET performance as measured against TC and
LCR standardsa

Standard result Sensitivity (%) Specificity (%) PPV (%) NPV (%)

TC positive 54.0 67.0 6.8 97.0
LCR positive 53.1 67.3 10.1 95.8

a A total of 4,053 samples were tested.

TABLE 3. Analysis of specimens positive for C. trachomatis by
TC with regard to inclusion count and LET resulta

LET result
No. (%) of samples with:

P value
#100 inclusions .100 inclusions

0 59 (52.2) 22 (36.1) 0.0574
Trace 12 (10.6) 6 (9.8)
11 19 (16.8) 11 (18.0)
21 23 (20.3) 22 (36.1)
Total 113 (100.0) 61 (100.0)

a A total of 4,053 samples were tested.
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infectious burdens, as higher-titer chlamydial specimens were
more likely to be LET positive. This finding may explain the
lower sensitivity of LET for detection of chlamydial infections
in asymptomatic populations. Asymptomatic chlamydial infec-
tions are more likely to be associated with lower infectious
burdens, and our study population was predominantly asymp-
tomatic.
The low sensitivity of the LET for chlamydiae may be due to

its dependency upon the amount of inflammation in the ure-
thra. If the main site of infection is the cervix, there may not be
a concurrent chlamydial infection in the urethra. In fact, in a
subset of women (n 5 2,812) for whom urethral cultures were
performed in this study (17), only 34% of cervical TC-positive
women (49 of 142) had concurrent urethral infections. Further,
of these women with urethral infections, only 52% were LET
positive. It is possible that low LET sensitivity is due to low-
titer urethral infections, but this subgroup of our results was
too small to confirm this (of 50 positive urethral specimens, 26
were LET positive and 24 were LET negative; 24 of the LET-
positive samples had ,100 inclusions, and 22 of the LET-
negative samples had ,100 inclusions).
Ultimately, it would be desirable to enrich yields of infec-

tions detected in screening and thereby make C. trachomatis
diagnostic testing more cost-effective. However, it is clear with
these study results that the use of LET on female FCU will not
have that effect, particularly in low-prevalence populations. On
the basis of the low LET sensitivity and specificity with female
FCU in these populations, we cannot recommend the LET for
routine screening of chlamydial infections in women.
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