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Vaginal swab specimens may be preferable to cervical swab or urine specimens for the detection of Chlamydia
trachomatis and Neisseria gonorrhoeae because of the ease of specimen collection and transport. The purpose of
this study was to evaluate whether vaginal swab specimens are equivalent to cervical swab specimens for the
detection of N. gonorrhoeae and C. trachomatis by the Becton Dickinson strand displacement amplification assay
(SDA) with the BDProbeTec ET instrument and then to evaluate the use of the amplification control in a
clinical research setting. In the first phase, vaginal and cervical swab specimens were obtained from 455
symptomatic women aged 18 to 40 attending primary health care and sexually transmitted disease clinics.
Thirty-nine specimens (8.6%) had true-positive results for N. gonorrhoeae and 37 specimens (8.1%) had
true-positive results for C. trachomatis. The sensitivity of SDA was superior to that of culture for the detection
of N. gonorrhoeae with vaginal swab specimens and equivalent to that of the Roche PCR for the detection of C.
trachomatis with cervical swab specimens. In the second phase of the study, 1,411 consecutively collected vaginal
swab specimens were evaluated, with 357 (25.3%) specimens giving indeterminate readings on the basis of the
result for the amplification control. The prevalences of sexually transmitted pathogens in vaginal swab
specimens with and without use of the amplification control were 6.0 and 5.8%, respectively, for C. trachomatis
and 3.1 and 3.0%, respectively, for N. gonorrhoeae. Although, vaginal swab specimens were equivalent to cervical
swab specimens for the detection of N. gonorrhoeae and C. trachomatis by SDA with respect to sensitivity, one
in four vaginal swab specimens yielded an indeterminate result when the amplification control was used. The
amplification control has limited value for use with vaginal swab specimens.

Nucleic acid amplification techniques are available for the
detection of Chlamydia trachomatis and Neisseria gonorrhoeae.
These methods have better sensitivities than culture and allow
the detection of infection in individuals with a low number of
infectious units (1). Recent studies have shown PCR (Roche
Diagnostic Systems, Branchburg, N.J.) and ligase chain reac-
tion (LCR; Abbott Laboratories, Chicago, Ill.) to be accept-
able methods for the detection of C. trachomatis and N. gon-
orrhoeae with urine and urethral and endocervical swab
specimens (2, 3, 9, 10, 11, 15). The amplified DNA assay with
the BDProbeTec ET instrument (the strand displacement am-
plification assay [SDA]; Becton Dickinson, Sparks, Md.) for
the detection of C. trachomatis and N. gonorrhoeae is based on
simultaneous strand displacement amplification and real-time
fluorescence detection (7, 16). Like other amplification meth-
ods, this system can detect the bacterial agents of both ure-
thritis and cervicitis in one specimen. Some amplification sys-
tems, including SDA and PCR, also have an amplification
control, which is designed to detect inhibitors of amplification
in the specimen. Use of the amplification control is at the

discretion of the user, but the amplification control is regarded
as a useful tool that serves to minimize false-negative results
resulting from inhibition of analyte nucleic acid amplification.

The increased sensitivities of nucleic acid amplification
techniques have led to the evaluation of less invasive pro-
cedures for screening for sexually transmitted pathogens.
The vaginal introitus (17) and vulva (12) have been shown to
be acceptable sites for noninvasive sampling with swabs for
the detection of C. trachomatis. It has been shown that
patient-obtained vaginal swab specimens can be used to
accurately detect N. gonorrhoeae infections (4). Noninvasive
collection methods allow women to be screened without the
need for a speculum examination. Vulvar swabbing (13) and
vaginal flushing (8) have been used to collect specimens that
were mailed to a laboratory. The self-collection of vaginal
swab specimens at home may be more acceptable for the
screening of young people who have limited contact with
health services (8, 13).

SDA has already been shown to be an acceptable method for
the detection of C. trachomatis and N. gonorrhoeae with urine
and endocervical swab specimens (14). The purpose of the
present study was to compare vaginal swab specimens to en-
docervical swab specimens for the detection of C. trachomatis
and N. gonorrhoeae. The swabs used for SDA are transported
medium-free and are therefore less prone to spillage during
transport than urine samples. A second goal of this study was
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to evaluate the utility of the amplification control for vaginal
swab specimens in a clinical research setting.

(This study was presented in part at the 101st General Meet-
ing of the American Society for Microbiology, Orlando, Fla.,
20 to 24 May 2001.)

MATERIALS AND METHODS

The evaluation phase of the study included 455 women visiting reproductive
health clinics in Pittsburgh, Pa., between January 1997 and May 2000. After the
women provided written informed consent, three cervical swab specimens and
two vaginal swab specimens were obtained. For SDA, one endocervical swab
specimen and one vaginal swab specimen were collected by using the Culturette
Direct specimen collection and dry transport kit (Becton Dickinson). One vag-
inal swab specimen was collected for PCR by using the STD swab specimen
collection and transport kit (Roche Diagnostic Systems). The specimen used for
N. gonorrhoeae culture was collected from the cervix by using BBL Culture Swab
Plus (Becton Dickinson). One endocervical swab specimen was collected by using
the LCR collection kit (Abbott Laboratories). The collection order for the swabs
was rotated in order to reduce the potential for sampling bias to influence the
results. Samples were transported to the laboratory within 24 h. Once at the
laboratory, the specimens were processed as recommended by the package insert
for each product.

In the implementation phase of the study, vaginal swab specimens were ob-
tained consecutively from 2,973 women at five different geographic locations.
Written informed consent approved by each institutional review board was ob-
tained from all participants prior to the initiation of study procedures. Clinician-
or patient-obtained vaginal swab specimens for SDA were collected by using the
Culturette Direct specimen collection and dry transport kit (Becton Dickinson),
delivered to the laboratory, and processed within 6 days according to the guide-
lines of the manufacturer.

For SDA, the swab contents were expressed into tubes containing 2 ml of
sample diluent. The tube was then placed into a lysing rack and heated at 114°C
for 30 min. The samples were then removed from the heater and cooled for 15
min at room temperature. The samples were transferred to the priming micro-
wells and incubated at room temperature for 20 min. The priming microwell
plate and the amplification microwell plate were then placed in the priming
heater for 10 min at 72.5 and 54°C, respectively. At the end of the 10 min, 100
�l was transferred from the priming microwells to the amplification microwells.
The amplification microwell plate was then sealed with an amplification sealer
and placed in the BDProbeTec ET instrument. The run was initiated for 60 min
at 52.5°C. The presence or absence of C. trachomatis and N. gonorrhoeae was
determined by relating the BDProbeTec ET method-other-than-acceleration
scores for the specimen to predetermined cutoff values (7).

Amplicor PCR (Roche Diagnostic Systems) analysis was performed according
to the instructions in the manufacturer’s package insert. PCR amplification was
conducted with a Thermocycler TC 9600 instrument (Perkin-Elmer Cetus, Nor-
walk, Conn.). After the amplification, the amplified nucleotide sequences were
detected by using target-specific DNA probes. The resulting enzyme reaction was

measured with a spectrophotometer (Molecular Devices, Sunnyvale, Calif.).
Specimens with an A450 of �0.500 were considered positive (1).

The endocervical swab specimen for the culture detection of N. gonorrhoeae
was stored at ambient temperature and inoculated onto modified Thayer-Martin
medium and chocolate agar (PML Microbiologicals, Tualatin, Oreg.) within 24 h
of collection. The plates were placed in 5 to 7% CO2 at 36°C for up to 48 h (6),
after which they were examined for the presence of N. gonorrhoeae. Identification
was based on Gram staining, the oxidase test, and the Gonochek II identification
system (EY Laboratories, Inc., San Mateo, Calif.).

In the case of a disagreement between the results of SDA and PCR or the
results of SDA and culture, samples with discrepant results were evaluated by the
LCR assay. The samples to be tested by LCR were stored at �20°C until they
were transferred to the Clinical Microbiology Laboratory at Magee-Womens
Hospital. The LCR assay was performed according to the instructions in the
manufacturer’s package insert (1).

For C. trachomatis, a sample was considered to have a true-positive result if it
was positive by two molecular tests (PCR and SDA, PCR and LCR, or LCR and
SDA). For N. gonorrhoeae, a sample was considered to have a true-positive result
if it was positive by culture or positive by two molecular tests (SDA and LCR).

RESULTS

Of the specimens from 455 women tested during the evalu-
ation phase of the study, 37 (8.1%) were positive for C. tra-
chomatis and 39 (8.6%) were positive for N. gonorrhoeae (Ta-
ble 1). The sensitivity and specificity of SDA for the detection
of C. trachomatis were similar to those of PCR. Furthermore,
the sensitivity and specificity of SDA with vaginal swab speci-
mens were equivalent to those of SDA and PCR with cervical
swab specimens. For the detection of N. gonorrhoeae, SDA was
more sensitive than culture. Additionally, tests with vaginal
and cervical swab specimens exhibited similar sensitivities and
specificities. Of the 455 vaginal swab specimens from women
tested, 29 (6.4%) specimens yielded indeterminate results on
the basis of the results for the amplification control. The results
for all 29 specimens with indeterminate results were resolved
by repeat testing, and all specimens were subsequently found
to be negative for both pathogens by all methods. This may
have been because the specimens were stored at �80°C before
they were retested, and therefore, the inhibitory effect was
eliminated.

In the implementation phase of the study, the use of vaginal
swab specimens was instituted and expanded to all clinical
research sites. Of the subsequent 685 vaginal swab specimens

TABLE 1. Performance of vaginal swab specimens for detection of C. trachomatis and N. gonorrhoeae

Organism and
test

Swab
specimen

No. of specimens
with positive

result

No. of specimens
with false-

positive results
Sensitivitya Specificityb

Positive
predictive

valuea

Negative
predictive

valued

C. trachomatise

PCR Endocervical 33 2 33/37 (89.2) 416/418 (99.5) 33/35 (94.3) 416/420 (99.0)
SDA Vaginal 34 1 34/37 (91.9) 417/418 (99.8) 34/35 (97.1) 417/420 (99.3)
SDA Endocervical 34 2 34/37 (91.9) 416/418 (99.5) 34/36 (94.4) 416/419 (99.3)

N. gonorrhoeaef

Culture Endocervical 30 0 30/39 (76.9) 416/416 (100) 30/30 (100) 416/425 (97.9)
SDA Vaginal 39 1 39/39 (100) 415/416 (99.8) 39/40 (97.5) 416/416 (100)
SDA Endocervical 39 0 39/39 (100) 416/416 (100) 39/39 (100) 415/415 (100)

a The data represent the number of specimens with a positive result/total number of true-positive specimens (percent).
b The data represent the number of specimens with a negative result/total number of negative specimens (percent).
c The data represent the number of specimens with a correct positive result/total number of positive specimens tested (percent).
d The data represent the number of specimens with a correct negative result/total number of negative specimens tested (percent).
e A true-positive result was defined as positive results by two molecular tests (PCR and SDA, PCR and LCR, or LCR and SDA).
f A true-positive result was defined as a positive result by culture or positive results by two molecular tests (SDA and LCR).
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evaluated, the results for 134 (19.6%) were found to be inde-
terminate. When these specimens were retested undiluted, as
recommended in the manufacturer’s package insert, the results
for only 43 (32%) were resolved, leaving 91 specimens with
indeterminate results. Following dilution of the specimen 1:10
with the sample diluent provided by the manufacturer, all of
the samples with indeterminate results were negative for both
pathogens. Of the next 413 specimens, 165 (40%) had indeter-
minate results, with the results for all specimens being resolved
after dilution 1:10. However, it was recognized that routine
1:10 dilution of all samples could decrease the sensitivity of the
assay. To evaluate this possibility, 228 specimens were concur-
rently evaluated by using a 1:10 dilution of the specimen and
an undiluted specimen. Of these, the results for 76 (33.3%)
were indeterminate for both C. trachomatis and N. gonorrhoeae
when the specimens were tested undiluted, but the results were
negative for both pathogens when the specimens were tested
diluted 1:10. However, five samples that were initially positive
for C. trachomatis and two that were initially positive for N.
gonorrhoeae became negative when they were diluted 1:10.
These studies suggest that routine 1:10 dilution of vaginal swab
specimens effectively eliminated indeterminate results but also
resulted in an unacceptable loss of assay sensitivity.

Indeterminate assay results with vaginal swab specimens
continued to present a challenge with respect to having to
recall patients for retesting. Therefore, another series of vag-
inal swab samples was concurrently evaluated by using a 1:1
dilution of the specimen and an undiluted specimen. Of the
236 specimens evaluated in this manner, 56 (23.7%) were
found to have indeterminate results for one or both analytes.
Overall, when the results for the undiluted specimens were
compared to those for the specimens diluted 1:1, 49 of the 56
specimens (88%) with indeterminate results were negative.
The remaining seven samples, which had indeterminate results
for C. trachomatis by SDA, were tested by PCR, and six were
confirmed to be negative for C. trachomatis and one sample
was also found to inhibit the PCR assay. Among the 236 spec-
imens evaluated in this series, routine 1:1 dilution yielded 4
specimens newly positive for N. gonorrhoeae, but the results for
2 specimens initially positive for C. trachomatis became inde-
terminate with repeat testing of the sample diluted 1:1, and 1
specimen initially positive for N. gonorrhoeae became negative.
This series of evaluations revealed that retesting of samples
indeterminate by SDA by repeating SDA or PCR usually
yielded negative results. To confirm this, an additional 1,411
vaginal swab specimens were evaluated by SDA with the am-
plification control. All specimens whose results were indeter-
minate by SDA and for which the results were not resolved by
repeat testing were evaluated by PCR. Of 357 specimens with
indeterminate results by SDA, the results for 316 (89%) were
resolved after repeat testing by SDA. The remaining 41 spec-
imens were retested by PCR; and 36 specimens were negative
for C. trachomatis, 3 specimens were inhibitory, and 2 speci-
mens yielded equivocal results. Of the 41 vaginal swab samples
tested by PCR, only 7% inhibited the PCR, even though all
specimens inhibited SDA, suggesting that the two assays are
inhibited by different factors.

In summary, a total of 1,647 vaginal swab specimens were
tested for C. trachomatis and N. gonorrhoeae by SDA. Of the
undiluted vaginal swab samples, 413 (25%) yielded indetermi-

nate test results and required further testing. Following 1:1
dilution of the specimen and repeat testing, the prevalences of
C. trachomatis and N. gonorrhoeae in the group of 1,647 spec-
imens were 6.0 and 3.1%, respectively (Table 2). However,
even after dilution and repeat testing, only 1.5% of the speci-
mens that initially had indeterminate results and whose results
were resolved were found to be positive. If the original samples
had been evaluated without the amplification control and all of
the indeterminate results had been interpreted as negative, the
prevalence rate for C. trachomatis would have been 5.8% (95 of
1,647) and that of N. gonorrhoeae would have been 3.0% (49 of
1,647). Thus, the repeat testing and resolution of the results by
PCR for samples with indeterminate results had a limited
overall impact on the prevalence of positivity in this popula-
tion.

DISCUSSION

Some investigators have described the vaginal swab to be a
superior specimen type for the detection of C. trachomatis and
N. gonorrhoeae because specimens can be collected by means
less invasive than those required for the collection of cervical
swab specimens and patients can self-collect clinical specimens
(4, 12, 13). SDA of vaginal swab specimens allows the simul-
taneous testing for C. trachomatis and N. gonorrhoeae and has
a sensitivity and a specificity equivalent to those of PCR for the
detection of C. trachomatis and superior to those of culture for
the detection of N. gonorrhoeae. The sensitivity of culture in
this study was 77%, which is similar to that reported in a study
evaluating LCR (5). However, it is possible that the transport
time for swabs in Amies medium with charcoal, which could be
up to 24 h, may have led to a loss of viability of this organism
in some cases.

The amplified DNA assays with the BDProbeTec ET instru-
ment were designed so that endocervical swab, urethral swab,
or urine specimens could be evaluated for the detection of C.
trachomatis and N. gonorrhoeae. However, other studies of
amplified tests for the detection of these organisms have shown
that vaginal swab specimens are an acceptable specimen type.
For example, tests with vaginal swab specimens were found to
be 100% sensitive and 99.6% specific for the detection of N.
gonorrhoeae by LCR (4), while tests with vaginal swab speci-
mens were reported to be 92% sensitive and 100% specific for
the detection of C. trachomatis by PCR (17). The manufactur-

TABLE 2. Prevalence of C. trachomatis and N. gonorrhoeae
determined with vaginal swab samples

Organism

No. (%) of specimens from women with:

Valid test
results (n
� 1,234)

Indeterminate
test results
who were

retesteda (n �
413)

Valid results
and

indeterminate
results on

retesting (n �
1,647)

C. trachomatis 95 (7.7) 4 (1.0) 99 (6.0)
N. gonorrhoeae 49 (4.0) 2 (0.5) 51 (3.1)

a All vaginal swab specimens yielding indeterminate results were diluted 1:1
and retested. For specimens that still had indeterminate results by SDA following
1:1 dilution, PCR testing of the undiluted specimen was performed.
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er’s instructions for the collection of cervical swab specimens
include the removal of excess mucus from the cervix with a
large-tipped cleaning swab before insertion of the collection
swab into the cervical os. In contrast, the vagina is a moist
epithelium that does not secrete mucus. Nevertheless, cervical
mucus is present in the vaginal fluid and may be present in the
vaginal swab specimen, leading to the potential for sample
inhibition by mucus or other vaginal fluid components.

Use of the amplification control during testing is an option.
The amplification control is designed to identify samples that
may contain inhibitors that could prevent the detection of C.
trachomatis or N. gonorrhoeae. However, when test results are
interpreted, a positive result may be interpreted for any am-
plification control value. An indeterminate result is interpreted
only for samples with low scores for C. trachomatis or N.
gonorrhoeae score, i.e., �2,000, which is also the lower limit for
positive results. The present study suggests that most vaginal
swab specimens with indeterminate results by SDA have true-
negative results.

During the evaluation phase of the study, the rate of inde-
terminate results was 0.7% in tests with cervical swab speci-
mens and 6.4% in tests with vaginal swab specimens. This
phase of the study was conducted at a single site, and only
three clinicians collected the specimens. However, in the re-
search implementation phase of the study, about 25% of the
vaginal swab specimens gave indeterminate results. It is un-
known why the rate of indeterminate results increased. How-
ever, during the implementation phase of the study, five dif-
ferent clinical sites were involved, and a large number of
different people collected samples. A first strategy to resolve
indeterminate results was to repeat the test with undiluted
specimens. However, repeat testing in this fashion resolved the
results for only a third of the samples. Indeterminate results by
the repeat test led to clinician notification that the patient
should be recalled for collection and testing of another speci-
men. The need to recall patients for repeat testing was costly
and caused the patients concern.

Our goal was to determine whether samples could be diluted
routinely to reduce the number of samples with indeterminate
results without the expense of retesting or a loss of test sensi-
tivity. We found that routine dilution of the specimens resolved
the indeterminate results, but at the cost of decreased sensi-
tivity. Repeat testing was also very costly. The cost for the
testing of the 2,973 samples evaluated during the second phase
of this study and repeat testing to resolve the results for sam-
ples with indeterminate results was $13,000 for supplies alone.
Tests for the detection of six additional positive specimens cost
$2,166 in additional supplies per infection detected. By exclud-
ing use of the amplification control, there is a minimal differ-
ence in supply costs ($0.11/sample) and there is no basis for
repeat testing. Data included in the BDProbeTec ET package
insert note that use of the amplification control increased the
sensitivity of the C. trachomatis test from 92.0 to 92.8% and
decreased the specificity slightly, from 96.6 to 96.1%. When the
amplification control was used for the testing of N. gonor-
rhoeae, the sensitivity increased from 96.4 to 97.6% and the
specificity remained 99%. Thus, our findings with vaginal swab
specimens are similar to those cited by the manufacturer in the
package insert, in that the use of the amplification control had
a minimal impact on test performance. The Food and Drug

Administration does not require the use of the amplification
control for the evaluation of cervical and urine specimens, and
our data collected in a clinical research setting suggest that this
control has limited value when vaginal swab specimens are
tested.

From this study, we have concluded that vaginal swab spec-
imens are an acceptable alternative to cervical swab specimens
for the detection of N. gonorrhoeae and C. trachomatis by SDA
with the BDProbeTec ET system. Furthermore, we have de-
termined that use of the amplification control with this speci-
men type increases costs and can result in delay in test report-
ing due to the high frequency of indeterminate results.
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