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The orders of three endocervical specimens of 3,561 women for Chlamydia trachomatis testing were random-
ized to determine whether test performance measures of two nucleic acid amplification tests and a DNA probe
were affected by swab order. Specimen collection order did not appear to affect the diagnostic accuracy of these
tests.

Previous studies have suggested that swab order may influ-
ence the sensitivity of non-nucleic acid amplification tests
(non-NAATs) in the detection of Chlamydia trachomatis from
the endocervix (3–5, 7). One study reported an increased sen-
sitivity with later swabs when using culture to test for the
presence of infection (3). Hadgu reported that the sensitivity
for Chlamydia trachomatis detection was higher for the first
three swabs when a series of five swabs from 4,583 women for
C. trachomatis testing using nonculture non-NAATs were ran-
domized (4). In this study, our goal was to evaluate the effect
of swab order on the performance characteristics of two
NAATs and one nonamplified DNA probe test used in the
detection of endocervical C. trachomatis infection.

Details of enrollment and specimen collection and process-
ing can be found elsewhere (1, 6). In brief, women who pre-
sented to sexually transmitted disease clinics at the five partic-
ipating centers were eligible to participate if they had an
indication that a pelvic examination should be performed. In-
formed consent was obtained from all participants prior to
their enrollment. The study was approved by the institutional
review boards at each of the participating centers and at the
Centers for Disease Control and Prevention.

Patients were asked to void, and the first 30 ml of urine from
each patient was saved for ligase chain reaction (LCR) and
PCR testing for C. trachomatis. A pelvic exam was then per-
formed, and a series of endocervical specimens were collected.
First, a swab for Neisseria gonorrhoeae culture and/or a Gram
stain was obtained from all subjects; in three of the participat-
ing centers, a Pap smear was then performed on a subset of
women if clinically indicated. The next three specimens were
obtained for C. trachomatis testing by (i) DNA probe (PACE
2; Gen-Probe), (ii) LCR (Abbott Laboratories, Abbott Park,
IL), and (iii) PCR (Roche Diagnostics Systems, Branchburg,
NJ), with the sequence randomized. Following the three ran-
domized swabs, a cytobrush specimen was collected for C.
trachomatis culture from all participants. In summary, the first

of the three randomized swabs for C. trachomatis testing was
either the second endocervical specimen obtained if no Pap
smear was performed (hence, the order of the randomized
cervical specimens was 2, 3, and 4) or the third endocervical
specimen obtained if a Pap smear was clinically indicated
(hence, the order of the randomized cervical specimens was 3,
4, and 5) as shown in Table 1, for centers designated C, D, and
E. The presence of blood on all specimens was noted, as was
the presence of cervical discharge.

An infection reference standard (“gold standard”) using two
of three positive tests for C. trachomatis among urine LCR and
PCR, and endocervical C. trachomatis culture was used in all
primary analyses. The requirement that two reference tests be
positive increased the reference standard’s specificity, thereby
avoiding the potential confounding effect of a gold standard
with a high false-positive rate. We did perform similar analyses
using less-specific gold standards (one of three positives and
one of two positives). Although this altered the estimates of
the performance characteristics of the three diagnostic tests, it
did not affect the relative differences of these estimates among
the different swab orders (data not shown). Standard formulae
to calculate sensitivity and specificity were applied, and exact
binomial 95% confidence limits are reported. The Pearson �2

test for homogeneity was used to compare independent dis-
crete variables, and the Cuzick method (an extension of the
Wilcoxon rank sum test) was used to test for statistical trends
when more than two results were being evaluated and the data
were independent (2). Logistic regression models were used to
adjust for the potential confounding effects of testing center,
order of first randomized swab, presence of blood on the col-
lection swab, and presence of cervical mucopus on the odds of
obtaining a positive C. trachomatis result for each diagnostic
test studied. Generalized estimating equations for correlated
data were used to calculate performance measures when re-
peated observations were compared (8, 9). Statistical analyses
were performed using STATA v.8.1 statistical software (Col-
lege Station, TX).

Of 3,903 total visits, 342 observations were excluded from
this analysis due to missing or unsatisfactory C. trachomatis
diagnostic test results (n � 104), missing or miscoded random-
ization schemes (n � 109), and more than one clinic visit by
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study participants (n � 129). The final number of subjects was
3,561. The mean age was 26 years (range, 14 to 69 years). The
overall prevalence of C. trachomatis infection according to the
reference standard was 10.8%.

The percent positive by testing site and randomization order
for each of the diagnostic tests is summarized in Table 1. The
percentage of unsatisfactory specimens (as a result of an error
in sample collection or laboratory processing) was evaluated
for each diagnostic test stratified by testing center. There was
no difference in the number of unsatisfactory specimens with
increasing swab order for either PCR or LCR. Overall, there
was a trend for an increased number of unsatisfactory speci-
mens with increasing swab order for the PACE 2 test. This
ranged from 0.2% with swab 2 to 1.6% with swab 5 (Cuzick’s
test for trend, P � 0.04). However, after adjusting the data for
center, the difference was no longer statistically significant.

The test performance measures of each of the randomized
diagnostic tests relative to the reference standard were calcu-
lated and stratified by center (data not shown). As no effect of
testing center or order of first randomized swab using logistic
regression models was demonstrated, results from all testing
centers were combined, and performance measures were cal-
culated for each of the randomized tests stratified by swab order
(Table 2). There were no statistically significant differences in
either sensitivity or specificity by Pearson’s test for homogeneity
or Cuzick’s test for trend for PACE 2 (Pearson’s test P value, 0.8;
Cuzick’s test for trend P value, 0.5), LCR (Pearson’s test for
homogeneity P value, 1.0; Cuzick’s test for trend P value, 1.0), and
PCR (Pearson’s test for homogeneity P value, 1.0; Cuzick’s test
for trend P value, 0.9) among the four randomized swabs.

Having shown no significant differences in performance
measures between LCR and PCR, results for both tests were
combined, and point estimates of sensitivity and specificity of
the overall C. trachomatis NAATs stratified by swab order were
calculated by using generalized estimating equations. The sen-
sitivity point estimates of swabs 2, 3, 4, and 5 were 88.6%,
86.2%, 86.6%, and 92.7%, respectively, and the specificity
point estimates were 96.6%, 97.3%, 98.6%, and 98.8%. None
of the differences were statistically significant.

The prevalence of blood on the swabs increased with ad-
vancing specimen order, from about 20% with swab no. 2 to
80% with swab no. 5 (Cuzick’s test of trend P value, �0.0001
for PACE 2, LCR, and PCR). The sensitivity and specificity
estimates were not significantly affected by the presence of
blood for any of the performance measures of these tests.

Our study has limitations. We do not have data on the effects
of swab order comparing the first endocervical swab to later
swabs. The first endocervical swab in all participants was used
for Neisseria gonorrhoeae culture or Gram stain testing. It is
theoretically possible that differences in performance measures
may exist between a first swab and a second swab. This study
has several strengths. It was conducted in various centers that
recruited participants with a broad age range. The relatively
large sample size allowed for precise estimates of performance

TABLE 1. The percentages of tests positive for C. trachomatis using PACE 2, LCR, and PCR by testing center and endocervical swab
collection order

Test
specimen

No. (%) of tests positive for C. trachomatis by test center

A (n � 745) B (n � 771) C (n � 854) D (n � 592) E (n � 599) Total (n � 3,561)

PACE 2
2 243 (13.2) 258 (7.8) 51 (9.8) 69 (4.4) 185 (4.3) 806 (8.4)
3 246 (12.2) 258 (9.3) 284 (9.9) 196 (6.1) 204 (7.8) 1,188 (9.3)
4 256 (12.5) 255 (8.6) 295 (7.8) 177 (4.5) 207 (4.8) 1,190 (8.0)
5 224 (7.1) 150 (6.0) 3 (0) 377 (6.6)

LCR
2 247 (17.8) 272 (16.9) 57 (15.8) 63 (9.5) 204 (7.8) 843 (14.4)
3 241 (19.5) 255 (10.6) 286 (14.0) 178 (6.7) 186 (7.5) 1,146 (12.2)
4 257 (16.0) 244 (13.5) 272 (11.4) 219 (6.4) 204 (5.9) 1,196 (11.0)
5 239 (10.5) 132 (6.1) 5 (0) 376 (8.8)

PCR
2 255 (14.9) 241 (11.2) 55 (18.2) 60 (8.3) 198 (7.1) 809 (11.6)
3 258 (16.7) 258 (14.3) 284 (10.9) 218 (4.6) 209 (4.3) 1,227 (10.6)
4 232 (16.4) 272 (12.5) 287 (11.2) 196 (5.6) 188 (8.0) 1,175 (11.1)
5 228 (9.2) 118 (4.2) 4 (0) 350 (7.4)

TABLE 2. Test performance of PACE 2, LCR, and PCR using two
of three positive tests as a reference standard stratified by

endocervical swab ordera

Test/specimen No. of subjects
(total, 3,561)

% Parameter (95% CI)

Sensitivity Specificity

PACE 2
2 806 60.2 (49.8–70.0) 98.7 (97.6–99.4)
3 1,188 73.4 (65.2–80.5) 99.2 (98.5–99.7)
4 1,190 70.3 (61.2–78.4) 98.9 (98.1–99.4)
5 377 74.2 (55.4–88.1) 99.4 (97.9–99.9)

LCR
2 843 91.0 (84.1–95.6) 97.3 (95.8–98.3)
3 1,146 91.5 (84.8–95.8) 96.8 (95.5–97.8)
4 1,196 87.7 (80.8–92.8) 98.4 (97.5–99.1)
5 376 96.4 (81.7–99.9) 98.3 (96.3–99.4)

PCR
2 809 85.7 (76.8–92.2) 97.8 (96.4–98.7)
3 1,227 81.5 (73.8–87.8) 97.8 (96.8–98.6)
4 1,175 85.5 (78.5–90.9) 98.8 (98.8–99.4)
5 350 88.9 (70.8–97.7) 99.4 (97.8–99.9)

a CI, confidence interval. The three tests used were cervical culture, urine
LCR, and urine PCR.
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measures for each individual test and for each swab order.
Finally, the randomized design allowed for the minimization of
bias.

Our data suggest that the order of swab collection from the
endocervix does not influence the performance characteristics of
the PCR, LCR, and PACE 2 tests in diagnosing C. trachomatis
infections. This finding has potential implications in both clinical
and research settings, where multiple endocervical specimens are
often necessary to complete the diagnostic evaluation of genital
tract infections and cervical dysplasia in women.
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