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Nucleic acid amplification tests offer superior sensitivity for the detection of Chlamydia trachomatis infection,
but many laboratories still use nonamplification methods because of the lower cost and ease of use. In spite of
their availability for more than a decade, few studies have directly compared the nonamplification tests. Such
comparisons are still needed in addition to studies that directly compare individual nonamplification and
amplification tests. The purpose of this study was to evaluate and compare the performance characteristics
relative to culture of five different tests for the detection of C. trachomatis with and without confirmation of
positive results. The tests were applied to endocervical specimens from 4,980 women attending family planning
clinics in the northwestern United States. The five nonculture tests included Chlamydiazyme (Abbott), Mi-
croTrak direct fluorescent antibody (DFA) (Syva), MicroTrak enzyme immunoassay (EIA) (Syva), Pace 2
(Gen-Probe), and Pathfinder EIA (Sanofi/Kallestad). All positive results obtained with a nonculture test
(except MicroTrak DFA) were confirmed by testing the original specimens with a blocking antibody test
(Chlamydiazyme), a cytospin DFA (MicroTrak EIA and Pathfinder EIA), and a probe competition assay (Pace
2). The prevalence of culture-proven chlamydia was 3.9%. The sensitivities of the nonculture tests were in a
range from 62 to 75%, and significant differences between tests in terms of sensitivity were observed. The
positive predictive value for each test was 0.85 or higher. The specificities of the nonculture tests without
performance of confirmations were greater than 99%. Performing confirmatory tests eliminated nearly all of
the false positives.

One of the key decisions that must be made when imple-
menting a control program for chlamydia is which laboratory
test to use. The standard for over a decade has been the
isolation of the organism in cell culture. Cell culture is the
standard because it is nearly 100% specific and has been tra-
ditionally also more sensitive than most nonculture methods.
The high specificity of culture results from the visualization of
inclusions in tissue culture cells by a fluorescent antibody that
is specific for Chlamydia trachomatis. The sensitivity of culture,
however, is not ideal and ranges widely from laboratory to
laboratory. Estimates of culture sensitivity vary from as low as
50 to 90% (24). Nevertheless, with the exception of nucleic
acid amplification methods such as ligase chain reaction, PCR,
and transcription-mediated amplification, commercial noncul-
ture methods have proven to be less sensitive than high-quality
cultures in head-to-head comparisons (2). They also may give
false-positive results that, in many clinical settings, may cause
psychosocial harm to the patient. Unfortunately, cell culture is
beyond the capabilities of most public and private laboratories
due to its technical demands, labor intensity, and high cost.
Amplification tests potentially have superior sensitivity but are
new, somewhat more demanding technically, and more expen-
sive. As a result, nonculture, non-nucleic acid amplification

methods are routinely used by many clinicians and health de-
partments to detect chlamydia in genital specimens as a sub-
stitute for culture.

The reported sensitivities of nonculture tests for which an
extensive evaluation literature exists (Chlamydiazyme and Mi-
croTrak direct fluorescent antibody [DFA] tests) vary greatly
(approximately 60 to 90%) (2). This between-study variation is
much greater than what can be accounted for by sampling
error. Important sources of this variation include variability in
the sensitivity of the cell culture methods used (the reference
standard in most published studies), variation in the specimen
collection techniques used by clinicians, variation in transport
time and methodology, and the small number of culture-pos-
itive cases analyzed in most studies (1, 11, 17, 19, 20, 24, 25,
28). Whatever the source, this large variation makes it virtually
impossible to compare performances of different tests if they
have not been evaluated in the same study. Therefore, evalu-
ations which compare the candidate tests of interest simulta-
neously with culture to control for the large variation in sen-
sitivity due to factors other than the performance of candidate
tests are needed. Only a few such comparative evaluations of
nonamplification methods have been reported in the last 5
years (3, 7, 11, 30). Expanding the number of studies that
compare multiple tests simultaneously and that include a more
substantial number of reference test-positive specimens than
were studied in most earlier evaluations will be a principal
recommendation of new guidelines for chlamydia laboratory
tests now in development at the Centers for Disease Control
and Prevention (CDC).
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Additionally, in most evaluations of nonculture tests, there
has been little attempt to evaluate procedures for confirming
positive test results. In the practical application of these tests,
a specificity less than 100% can have significant consequences,
particularly in populations with a low prevalence of chlamydial
infection. For example, a nonculture test with a specificity of
98% and a sensitivity of 80% has a positive predictive value
(PPV) that decreases from 87.6 to 45.1% as the prevalence
decreases from 15 to 2%. Specificity and the PPV can be
increased by performing a confirmatory or supplemental test
for those patients who have a positive screening test. The CDC
recommends confirmatory testing of all specimens giving pos-
itive nonculture screening test results in populations with a
chlamydia prevalence less than 5.0% (5). Although several
approaches to confirmatory testing have been developed and
are commercially available, evaluations have been published
only for the Chlamydiazyme test (using a blocking antibody)
(13, 19, 20, 26, 27) and for the Syva MicroTrak enzyme immu-
noassay (EIA) using DFA (6, 26) and PCR (21).

In summary, evaluations of nonculture tests for chlamydia
which (i) compare multiple candidate tests simultaneously with
a quality-assured culture standard, (ii) compare the effective-
ness of methods for confirming positive nonculture test results,
(iii) employ valid statistical analyses for comparing the perfor-
mance of different tests, and (iv) include sufficient numbers of
reference test-positive persons to allow adequate precision in
estimating test sensitivity are needed. Such evaluations are also
needed to test the validity of CDC chlamydia prevention rec-
ommendations for confirmatory testing and to enable health
departments and health care providers to select the most ac-
curate screening and confirmatory tests for their needs. Once
the better-performing nonamplification tests are identified,
more head-to-head studies comparing these tests with the new
amplification tests should be conducted.

Following are the results of a clinical trial that was designed
to provide information regarding the relative accuracy of non-
culture tests for detecting chlamydia in cervical specimens
from women. Of interest was both the performance of the
initial screening test and the performance of confirmatory tests
done when the screening test was positive. The tests that were
selected for comparison with standard culture techniques in-
cluded Syva’s MicroTrak EIA, Abbott’s Chlamydiazyme EIA,
Sanofi’s EIA, Gen-Probe’s Pace 2 nucleic acid hybridization
test, and Syva’s MicroTrak DFA test. These tests were selected
because they are (i) older tests that have been widely used and
extensively evaluated and thereby serve as historical standards
(Chlamydiazyme and MicroTrak DFA) or (ii) extensively mar-
keted tests that have received relatively limited comparative
evaluation (Sanofi EIA, Gen-Probe, and Syva EIA). Commer-
cial nucleic acid amplification tests were not yet available at the
time of this study.

MATERIALS AND METHODS

Patient population. Female patients attending participating family planning
clinics in the states of Washington and Oregon during 1992 and 1993 were
considered for enrollment in the study. The previously published screening
criteria of the Region X Chlamydia Project were used to establish eligibility for
enrollment (4). These criteria included any of the following: (i) mucopurulent
cervicitis, pelvic inflammatory disease, friable cervix, or abnormal bleeding; (ii) a
partner with signs and/or symptoms suggestive of urethritis; (iii) client request;
(iv) rape within the previous 60 days; (v) candidacy for intrauterine device
insertion; and (vi) a positive pregnancy test and a bimanual pelvic examination.
Alternatively, the criteria included two or more of the following: (i) age under 24
years and being sexually active; (ii) new sex partner in the previous 60 days; (iii)
sex partner with multiple partners in the previous 30 days; (iv) multiple sex
partners in the previous 30 days; and (v) use of nonbarrier birth control method
or no birth control method (nonbarrier birth control methods include oral

contraceptives, the intrauterine device, sterilization, and all natural family plan-
ning methods).

Specimen collection. Specimens for gonorrhea testing and Pap smear were
collected before obtaining specimens for chlamydia testing. Chlamydia test spec-
imens were collected after first removing excess mucus from the cervical os and
surrounding mucosa with a large cotton swab. Chlamydia test specimens were
collected by taking six sequential swabs from the endocervix. The first of these
swabs was placed into chlamydia culture transport medium and stored at 4°C for
same-day transport (Washington) or at 270°C for biweekly transport (Oregon)
to the University of Washington Chlamydia Laboratory. The sequence of spec-
imen collection for the five nonculture tests was randomized. Specimens were
collected by using collection kits and procedures as outlined in the package
inserts for each of the tests. Clinicians were discouraged from enrolling someone
in this study when a Pap smear was obtained with a cytobrush, due to frequent
bleeding in such patients. All DFA specimens were obtained with a swab.

Cell culture. Specimens for chlamydia isolation were cultured by using cyclo-
heximide-treated McCoy cells in 96-well microtiter plates as previously described
(29). Blind passages were not performed. Chlamydia inclusions were detected by
using a fluorescein-labeled monoclonal antibody that binds to a species-specific
epitope on the major outer membrane protein.

Nonculture tests. Specimens collected for each of the nonculture tests were
transported and processed according to directions provided by the manufacturer
in the package inserts.

Confirmatory-supplemental testing. All specimens that gave positive results by
the Syva EIA were analyzed by Syva’s cytospin confirmatory DFA procedure
according to directions provided in the package insert. All specimens that gave
positive results by the Sanofi EIA were analyzed by a cytospin DFA confirmation
procedure provided by the manufacturer. All specimens that gave positive results
by the Gen-Probe assay were analyzed by Gen-Probe’s probe confirmation assay
according to the directions provided in the package insert. All specimens that
gave positive results by the Abbott Chlamydiazyme EIA were analyzed by the
blocking antibody procedure according to directions provided in the package
insert. Conventional methods for confirming DFA tests (e.g., Syva DFA) with the
original specimen are not available.

Data analysis. Sensitivity and specificity estimates were obtained by assuming
cell culture as the “gold standard.” Ninety-five percent confidence intervals (CIs)
were calculated based on the binomial distribution of the observed values. Stan-
dard errors for the pairwise comparisons in Table 2 were based on a robust-
variance estimation approach (23). P values for statistical tests of significance
were calculated without adjusting for the 10 paired comparisons of sensitivity
among the five tests (Table 2). Using the method of least significant differences,
we also ensured an overall significance level of alpha 5 0.05 by requiring a P
value to be less than 0.005 before considering a difference to be statistically
significant (Table 2) (16).

RESULTS

Performance of screening tests without confirmatory-sup-
plemental testing. A total of 4,980 clients gave endocervical
samples that were tested for chlamydia by cell culture. The
prevalence of chlamydia in this population of women as deter-
mined by cell culture was 3.9% (194 of 4,980). The majority
(98.1%) were also tested by four or five of the nonculture tests.
The sensitivities of the nonculture tests were calculated rela-
tive to cell culture as the gold standard (Table 1). The results
of a pairwise statistical comparison of test sensitivities are
given in Table 2. Sensitivities of the five tests ranged from
75.3% (95% CI, 68.6 to 81.2%) for Pace 2 to 61.9% (95% CI,
55.6 to 68.7%) for Chlamydiazyme (Table 1). The sensitivities
of the Pace 2, MicroTrak DFA, and MicroTrak EIA tests were
highest (71.7 to 75.3%) and did not differ significantly from
one another (P $ 0.23). The Chlamydiazyme test had the
lowest sensitivity (61.9%), which was significantly less than that
of each of the three most sensitive tests (P # 0.003). The
sensitivity of the Sanofi EIA test was intermediate (66.8%) and
significantly less than that of either the Pace 2 test (P 5 0.006)
or the MicroTrak DFA test (P 5 0.026) but not significantly
less than that of the MicroTrak EIA test (P 5 0.195) or sig-
nificantly greater than that of the Chlamydiazyme test (P 5
0.109). All of the foregoing significant differences remained
significant at P , 0.05 after taking into account the multiple
tests of significance, except for the difference in sensitivities
between the Sanofi EIA and the Gen-Probe and MicroTrak
DFA tests (Table 2).

The number of false-positive results for each diagnostic test
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relative to cell culture ranged from 9 to 21. Test specificities
were uniformly high, exceeding 99.5% (95% CI, lower bound
exceeding 99.3%) for each test (Table 1). A pairwise compar-
ison revealed no significant differences among the nonculture
tests in specificity. Given the prevalence of C. trachomatis in-
fection in this population of 3.9% based on cell culture results,
these specificities yielded PPVs within the range of 85.1 to
94.0%.

Performance of screening tests with confirmatory-supple-
mental testing. A total of 69 clients had a negative culture
result but at least one positive nonculture test result (i.e., false
positive based on the culture gold standard). Confirmatory or
supplemental testing had been performed following a positive
result for each nonculture test except for Syva DFA. Subse-
quent to such testing, only seven individuals remained with a
false-positive test result relative to culture (Table 3). By using
culture as the gold standard and defining test positives as those
which remained positive after confirmatory-supplemental test-
ing, sensitivities and specificities were recalculated (Table 4).
Specificities exceeded 99.9% for all tests. Sensitivity was not
affected by the confirmatory-supplemental methods for the
Chlamydiazyme and Pace 2 tests, was reduced by 1.1% for
MicroTrak EIA, and was reduced by 5.7% for Sanofi EIA.

To briefly summarize the results for each test method, 100%
(146 of 146) of Gen-Probe-positive specimens from culture-
positive individuals were confirmed while only 22% (4 of 18) of
Gen-Probe-positive specimens from culture-negative individu-
als were confirmed, 100% (120 of 120) of Chlamydiazyme-
positive specimens from culture-positive individuals were con-
firmed while only 10% (2 of 21) of Chlamydiazyme-positive
specimens from culture-negative individuals were confirmed,
98.6% (137 of 139) of Syva EIA-positive specimens from cul-
ture-positive individuals were confirmed while only 12% (2 of
17) of Syva EIA-positive specimens from culture-negative in-
dividuals were confirmed, and 91.5% (118 of 129) of Sanofi
EIA-positive specimens from culture-positive individuals were
confirmed while only 18% (3 of 17) of Sanofi EIA-positive
specimens from culture-negative individuals were confirmed.

Of the seven individuals who remained classified as false
positive after confirmatory-supplemental testing, i.e., were
confirmatory-supplemental test positive and culture negative,
five had a positive result from two or more tests (including
confirmatory tests) that detect different C. trachomatis mole-
cules (Table 3). The remaining two were positive by Gen-
Probe only but had a percent competition of greater than 99%
in the probe competition assay. An additional four individuals
had 10 or more elementary bodies detected by Syva DFA.
These 11 individuals were most likely truly infected and had
false-negative cultures.

DISCUSSION

The principal motivations for undertaking this study were to
obtain comparative sensitivity and specificity data for several
chlamydia tests and to evaluate available means for performing
confirmatory or supplemental testing. This information was
intended to be used in the process of selecting a screening test
for use in the Region X Chlamydia Project, a project which
performs about 175,000 tests each year in family planning and
sexually transmitted disease clinics in the states of Alaska,
Idaho, Oregon, and Washington. A review of the literature
turned up very few controlled comparative evaluations in
which the performance of two or more tests is compared to
that of a gold standard or reference standard test that defines
the infection status of study subjects. Rather, most published
studies have evaluated only a single test compared to a refer-
ence standard test. Therefore, to compare tests requires com-
paring data derived at different times on patient populations
that vary in terms of size, demographics, risk factors, and
prevalence and using a reference standard that is known to
vary widely in performance. Differences in test performance
estimated in this way are ambiguous for several reasons: (i)
sample sizes of most studies are small, and the resulting esti-
mates of sensitivity and specificity are imprecise; (ii) most
studies do not present the precision of the estimates; and (iii)
differences in the performance of the reference standards in
different studies unpredictably bias any estimated differences
in performance. The present study was designed to deal with
each of these issues.

Cell culture of chlamydia was chosen as the reference stan-

TABLE 1. Performance characteristics of nonculture tests relative to culture

Test Sensitivitya 95% CI (%)
for sensitivity Specificitya 95% CI (%)

for specificity
No. of false

positives PPVb

Gen-Probe 75.3 (146/194) 68.6–81.2 99.6 (4,694/4,712) 99.4–99.8 18 0.890
Syva DFA 74.5 (140/188) 67.6–80.5 99.8 (4,429/4,438) 99.6–99.9 9 0.940
Syva EIA 71.7 (139/194) 64.8–77.9 99.6 (4,696/4,713) 99.4–99.8 17 0.891
Sanofi EIA 66.8 (129/193) 59.7–73.4 99.6 (4,703/4,720) 99.4–99.8 17 0.884
Abbott EIA 61.9 (120/194) 55.6–68.7 99.6 (4,692/4,713) 99.3–99.7 21 0.851

a True positive equals culture positive. Data were generated by using the manufacturer’s recommended cutoffs and results prior to confirmation. Values are reported
as percents (numbers of specimens positive/total numbers of specimens).

b Prevalence of 3.9% based on cell culture.

TABLE 2. Pairwise statistical comparison of test sensitivities

Comparison
(test 1 vs test 2)

% Difference
(test 1 2 test 2) P value

Gen-Probe vs Syva DFA 0.8 0.813
Gen-Probe vs Syva EIA 3.6 0.232
Gen-Probe vs Sanofi EIA 8.4 0.006a

Gen-Probe vs Abbott EIA 13.4 ,0.001a,b

Syva DFA vs Syva EIA 2.8 0.380
Syva DFA vs Sanofi EIA 7.6 0.026a

Syva DFA vs Abbott EIA 12.6 ,0.001a,b

Syva EIA vs Sanofi EIA 4.8 0.195
Syva EIA vs Abbott EIA 9.8 0.003a,b

Sanofi EIA vs Abbott EIA 5.0 0.109

a Difference significant at P # 0.05.
b Difference significant at P , 0.005 to maintain an overall significance level of

alpha 5 0.05, allowing for the multiple tests of significance.
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dard for this study. Culture was always performed on the first
chlamydia swab to eliminate any swab order effect on the
culture result. An advantage of using cell culture as the refer-
ence standard to classify subjects as infected or not is its high
specificity. Therefore, our estimates of test sensitivities are
unlikely to have been underestimated due to false-positive
culture results. As discussed above, a drawback of cell culture
as the reference standard is that it is less sensitive than it is
specific. Knowing this, most investigators of chlamydia test
performance augment their culture standard with additional
testing to identify possible false-negative cultures. One com-
monly used method to correct for possible false-negative cul-
tures is to create a reference standard that defines truly in-
fected persons as those who are culture positive or are culture
negative but positive by the test under evaluation and also
positive by an additional test that detects a different chlamydia
macromolecule (lipopolysaccharide, major outer membrane
protein, or nucleic acid) (5). Revised sensitivities and specific-
ities are then calculated by using the alternate reference stan-
dard. For chlamydia tests, there is not general agreement as to
what the ideal reference standard should be (8, 9, 18). Taking
a different tack, Hadgu and Qu have reported the results of this
study to statistically inclined readers by using a latent class
model analysis that yielded estimates of sensitivity and speci-
ficity for all the tests without designating any as a reference
standard (10, 22).

In the present study, 69 subjects had a negative culture and
a positive nonculture screening test. Only 5 of these 69 had a
positive result from two or more tests that detect a different
C. trachomatis molecule and would have been considered true
positives by using a revised reference standard. Thus, use of an
alternative reference standard to culture (i.e., positive noncul-
ture tests detecting at least two different chlamydia macromol-
ecules) would not have substantially changed the performance
characteristics reported in Table 1.

The sensitivities of the nonculture tests relative to culture

ranged from 61.9 to 75.3% (Table 1). Significant differences
among the tests were identified (Table 2). However, a conse-
quence of the experimental design is that the sensitivity calcu-
lated for each test is an average taken over five different swab
positions. Although we did not formally test for an effect of
swab order, which was randomized to avoid confounding, sen-
sitivities were consistently higher for specimens collected with
the first swabs taken after cell culture. Specificity did not ap-
pear to be affected by swab order.

The specificities of the nonculture tests evaluated in this
study relative to the culture reference standard ranged from
99.6 to 99.8%. The specificities reported in the package inserts
for Gen-Probe Pace 2, Syva MicroTrak DFA, and Syva Micro-
Trak EIA are 97.0 to 99.7, 98.0, and 97.0%, respectively. Pub-
lished estimates are generally equal to or lower than the pack-
age insert values. The higher specificity values reported here
may reflect a relatively high culture sensitivity in the present
study. Possibly, the use of multiple swabs may also have re-
moved contaminating vaginal secretions containing substances
that lead to false-positive tests. However, if this were true, we
would have expected the specificities calculated with results
from the third through fifth swabs taken after culture to be
higher than those calculated with results from the first two
swabs, and this was not the case.

Application of confirmatory or supplemental tests to verify a
positive nonculture screening result had the effect of eliminat-
ing most of the false-positive results. At the same time, spec-
imens that were culture positive and positive by a nonculture
test remained positive with only a few exceptions (2 for Syva
EIA and 11 for Sanofi EIA). (We should point out that the
confirmation method for Sanofi EIA that we evaluated, a ma-
jor outer membrane protein-based DFA, has never been sub-
mitted to the Food and Drug Administration for licensing by
the manufacturer.) The results from this study suggest that
confirmatory tests are a practical aid to clinicians in patient
management, particularly in areas where the prior probability

TABLE 3. False-positive tests remaining after confirmatory-supplemental testing

Patient no.
Gen-Probe

Syva DFA
Syva EIA Abbott EIA Sanofi EIA

Screen Confirmation Screen Confirmation Screen Confirmation Screen Confirmation

720 2 NDa 2 2 ND 2 ND 1 1
2258 1 1 2 2 ND 2 ND 2 ND
2691 1 1 101b 1 1 1 1 1 1
30072 2 ND 2 2 ND 2 ND 1 1
40264 2 ND 2 1 1 2 ND 2 ND
80300 1 1 2 1 2 1 1 1 2
90692 1 1 2 2 ND 2 ND 2 ND

a ND, not done because initial result was negative.
b Ten or more elementary bodies were detected on the DFA slide.

TABLE 4. Performance characteristics relative to culture of nonculture tests after confirmation of positive results

Test (confirmation test) Sensitivitya 95% CI (%)
for sensitivity Specificitya 95% CI (%)

for specificity
No. of false

positives PPVb

Gen-Probe (Sanofi DFA) 75.3 (146/194) 68.6–81.2 99.92 (4,708/4,712) 99.78–99.98 4 0.973
Syva EIA (blocking antibody) 70.6 (137/194) 63.7–76.9 99.96 (4,710/4,712)c 99.85–99.99 2 0.986
Abbott EIA (Syra OFA) 61.9 (120/194) 54.6–68.7 99.96 (4,711/4,713) 99.85–99.99 2 0.984
Sanofi EIA (probe competition) 61.1 (118/193) 53.9–68.1 99.94 (4,712/4,715)d 99.81–99.99 3 0.975

a True positive equals culture positive. Data were generated by using the manufacturer’s recommended cutoffs and results after confirmation. Values are reported
as percents (numbers of specimens positive/total numbers of specimens).

b Prevalence of 3.9% based on cell culture.
c No confirmatory test was performed on one specimen that was dropped from the analysis.
d No confirmatory test was performed on five specimens that were dropped from the analysis.
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of chlamydia infection in a particular patient or subpopulation
is low.

The importance of confirmatory-supplemental testing can be
illustrated by applying the screening tests used in this study to
a population of women where the prevalence of chlamydia
infection is 2.0%. This prevalence may reflect the reality of
many rural and even urban clinics where control programs
have been in effect. For example, in the Region X Chlamydia
Project the average prevalence across all clinic sites is about
4.0% even when using selective screening criteria to identify
high-risk women for testing. However, nearly 10% of the indi-
vidual clinics have a prevalence of chlamydia less than 2.0%
(7a). With the specificity results from Table 1, the PPVs for the
nonculture tests would range from 0.606 for Abbott EIA to
0.800 for Syva DFA. Therefore, between 20 and 40% of all
positive results would be false positive in such a population.

By applying confirmatory or supplemental testing, up to 90%
of false positives will not be confirmed whereas nearly all true
positives will be. Provided with the confirmatory test result,
clinicians can decide whether to treat or to retest individuals
with a positive screening test. Based on this type of consider-
ation, the Region X Chlamydia Project elected to institute
mandatory confirmatory testing regardless of which screening
test is performed. Further, the CDC currently recommend that
positive screening tests be confirmed in patient populations
where the prevalence is below 5% (5). The results described
herein support these recommendations.

The present study served to clarify several complex issues
involving the characterization of nonculture tests for chla-
mydia. First, the direct comparison of tests provided unambig-
uous evidence for differences in test sensitivity. Second, all of
the tests were more specific than what has been reported in
package inserts and in the literature generally. Third, confir-
matory-supplemental tests reduced the number of false-posi-
tive results generated by the nonculture tests. For the products
currently marketed with confirmatory procedures that were
evaluated in this study (Abbott, Gen-Probe, and Syva), there
was little or no increase in the number of false-negative results.
This is of practical importance in low-prevalence settings that
are becoming more common in the United States. This study
also demonstrated the feasibility and utility of a multitest com-
parison using sequential swabs from the same study subjects.
However, swab-order effects may need to be considered if
more than two tests are compared simultaneously with a ref-
erence standard test. We anticipate that future studies of non-
culture tests, including the newly developed nucleic acid am-
plification tests, will employ some of the design characteristics
described here.
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