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We used the Roche Amplicor PCR assay to compare urine and cervical swabs as sample material in the
detection of Chlamydia trachomatis causing genital infections. The diagnostic performance of Amplicor PCR
was compared with that of cell culture and the Gen-Probe PACE 2 assay with cervical specimens. If discrepant
from other results, the specimens negative by PCR were diluted and reanalyzed to reveal PCR inhibitors. Of
666 patients, 39 (5.9%) were confirmed to have chlamydial infection. The respective sensitivity and specificity
of Amplicor PCR were as follows: urine specimens, 82.0 and 99.7%; cervical specimens, 82.0 and 99.8%. Those
for cell culture with cervical specimens were 84.6 and 100%. For the Gen-Probe PACE 2 assay, the sensitivity
and specificity with cervical specimens were 79.5 and 100%, respectively. Without the effect of PCR inhibitors,
the sensitivity of PCR with urine would have been 97.4%. Provided that the problems currently caused by
inhibitors will be solved, the Amplicor PCR assay with urine specimens offers a tempting alternative for the
diagnosis of C. trachomatis infection in women.

Methods based on amplification of the genetic material have
substantially increased the sensitivity of chlamydial detection.
The PCR assay (Roche Amplicor PCR) has been commercially
available for some time. An alternative amplification system
based on ligase chain reaction has been introduced quite re-
cently. Because of the increased sensitivity of detection, these
methods seem to make possible the diagnosis of chlamydial
infections by analysis of urine specimens. In males, the detec-
tion of Chlamydia trachomatis from first-catch urine by PCR
has already been demonstrated to be more sensitive than that
by cell culture of urethral swabs (2, 5, 13). In recent studies,
both PCR and ligase chain reaction with urine samples from
women have been found to be as sensitive as cell culture with
cervical specimens (7, 11).
Most studies assessing the test performance of nucleic acid

amplification methods in women have been carried out by
comparing the results with those obtained by culture of cervical
swab specimens. Considering the fact that a certain proportion
(5 to 30%) of chlamydial infections can only be detected in the
urethra (8, 9), this approach may obviously lead to misleading
conclusions regarding diagnostic sensitivity. So far, few studies
have been published specifically aimed at determining the ideal
sample material for women with respect to the greatest sensi-
tivity achievable by the new methods.
The use of cell culture as the ‘‘gold standard’’ for the detec-

tion of chlamydia has been questioned. Because of the poten-
tially superior sensitivity obtainable by nucleic acid amplifica-
tion methods, it is evident that culture-negative specimens
positive by some other method should be confirmed by another
reference method. Different combinations of test methods are
currently used for this purpose (12). The use of such expanded
gold standards is also necessary in addressing the problem
caused by inhibitors of the amplification reactions. Without a

proper standard, the frequency of inhibition is likely to be
underrated.
In this study, we compared the diagnostic performance of

the Roche Amplicor PCR with urine and cervical swab speci-
mens with that of cell culture and the Gen-Probe PACE 2
assay with cervical swab specimens. Our purpose was to deter-
mine the ideal sample material for PCR with reference to the
frequency of PCR inhibitors in urine and cervical swab speci-
mens.
The patients consisted of 666 women. They were examined

and treated at the outpatient clinics of the Community Health
Centre of the City of Tampere, Tampere, Finland, during the
period November 1994 to May 1995. The study protocol had
been approved by the ethical committees of Tampere Univer-
sity Hospital and the city of Tampere. Informed consent was
obtained from all patients verbally.
Urine samples were collected in a clean cup prior to the

cervical sampling and transferred to a sterile container. Endo-
cervical swab specimens were taken in a randomly selected
order with ENT-swabs (Medical Wire & Equipment Co. Ltd.,
Gorsham, Wiltshire, United Kingdom), chlamydia transit
tubes (Labsystems Ltd., Helsinki, Finland), and the Gen-Probe
specimen collection kit for cervical specimens (Gen-Probe,
Inc., San Diego, Calif.). Specimens were transported to the
laboratory on the day of collection. Once at the laboratory,
urine specimens for PCR assay were prepared as instructed by
the manufacturer, frozen at 2708C, and analyzed within 3
weeks of sampling. Chlamydia transit tubes were thoroughly
mixed, and 100 ml was withdrawn and diluted to 1 ml with
sucrose-phosphate medium. After that, 1 ml of swab specimen
diluent (F. Hoffmann-La Roche Ltd., Basel, Swizerland), was
added and the prepared specimens were frozen at 2708C for
PCR. The culture specimens were immediately cultured on
McCoy cells or frozen at 2708C and cultured within 1 week.
Specimens for the Gen-Probe PACE 2 assay were stored at 48C
and analyzed within 3 days.
The Roche Amplicor PCR assay (F. Hoffmann-La Roche
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Ltd.) with urine and endocervical specimens for culture was
performed according to the manufacturer’s instructions. The
PCR was accomplished with the Perkin-Elmer Thermocycler
TC 9600 (Perkin-Elmer Cetus, Norwalk, Conn.). After the
amplification, the amplified nucleotide sequences were de-
tected by an enzyme immunoassay and the A450s were mea-
sured with a spectrophotometer (Multiskan; Labsystems Ltd.).
Specimens with an A450 of $0.250 were considered positive.
Specimens that were negative by PCR but positive either by
cell culture or by the PACE 2 assay were further diluted 1:10
with Roche dilution buffer (F. Hoffmann-La Roche Ltd.) and
reanalyzed both diluted and undiluted to eliminate the effects
of possible PCR inhibitors.
The cell culture was performed by inoculation of 500 ml of

the specimen in sucrose-phosphate medium onto a monolayer
of McCoy cells in flat-bottomed, plastic shell vials with cover-
slips. The specimens were centrifuged (3,000 3 g) at 358C for
1 h. The medium was then changed to a medium containing 1
mg of cycloheximide per ml (10). After an incubation of 3 days,
the cells were stained with iodine and screened for inclusions.
If one or more typical inclusions were seen, the specimen was
interpreted as positive.
The Gen-Probe PACE 2 RNA hybridization assay was per-

formed according to the manufacturer’s instructions. After
RNA-DNA hybridization, the chemiluminescence signals were
recorded by a LEADER-50 luminometer (Gen-Probe, Inc.). In
each series, the cutoff was set relative to the mean chemilumi-
nescence value of the three negative controls as instructed.
Urine or cervical specimens positive by PCR from patients

who were negative by cell culture on cervical swabs were sub-
jected to a confirmatory PCR assay with major outer mem-
brane protein (MOMP)-based primers as described previously
(4). The MOMP PCR was performed by Roche Laboratories
(Roche Molecular Systems, Basel, Swizerland). The probe
competition assay (Gen-Probe, Inc.) was used to verify speci-
mens giving low positive chemiluminescence values in the Gen-
Probe PACE 2 test.
A specimen was considered positive if it was cell culture

positive. In addition, positive results by the PACE 2 assay for
patients who were positive by PCR with urine or a cervical
swab were considered to be true positive, as were those con-
firmed by the probe competition assay. Specimens that were
positive by PCR only were considered to be true positive if they
could be verified by MOMP PCR. The calculations of sensi-
tivity and specificity were based on the total number of con-
firmed chlamydial infections detected.
The results of all four tests were identical for 649 (97%) of

the 666 patients. Altogether 39 (5.9%) of the patients had
chlamydial infection by definition. Among them, the test re-
sults were uniformly positive for 25 patients. The discrepant
results from 17 patients are presented in Table 1. Of the 17
patients, 14 could be confirmed as positive by definition. The
PCR with urine gave positive results for six patients who were
found to be negative in all of the tests performed with cervical
specimens. In four of them, the presence of chlamydial infec-
tion could be confirmed by MOMP PCR. For two patients, the
positive PCR result with urine could not be confirmed by
MOMP PCR. They were taken as false positive, by definition,
by PCR with urine.
In contrast, there were seven patients who gave negative

results by PCR with urine but were positive in the cervix by two
or three test methods. When the urine specimens from these
patients were reanalyzed by PCR with undiluted or diluted
urine, six of the seven initially negative urine specimens turned
positive, indicating the presence of PCR inhibitors. Of the six,
five turned positive after freezing and thawing and one re-
quired dilution. In one patient, the negative PCR result could
not be accounted for by PCR inhibition.
PCR inhibitors were also demonstrated in one cervical spec-

imen from a patient who gave positive results by cell culture
and the PACE 2 assay with cervical swab specimens and by
PCR with urine. There was one PCR-positive cervical speci-
men that could be confirmed by neither MOMP PCR nor any
of the other test methods used. It was taken as false positive, by
definition, by PCR.
Cervical culture missed two cases of infection that gave

TABLE 1. Analysis of discrepant test results by Roche Amplicor PCR, cell culture, and Gen-Probe PACE 2 assay

No. of specimens

Result by:

Final result and conclusionPCR with: Culture
with cervix

PACE 2
with cervixUrine Cervix

4 Positive Negative/negativea Negative Negative Positive. Infection was detectable
only by PCR with urine and
confirmed by MOMP PCR.

2 Positive Negative/negative Negative Negative Negative. Positive PCR result with
urine could not be confirmed by
MOMP PCR.

5 Negative/positive Positive Positive Positive Positive. PCR inhibitors were present
in urine.

1 Negative/positive Positive Positive Negative
1 Negative/negative Positive Positive Positive Positive. Infection could not be

found by PCR with urine.
1 Positive Negative/positive Positive Positive Positive. PCR inhibitors were present

in cervix.
1 Negative Positive Negative Negative Negative. Positive PCR result with

cervical swab specimen could not
be confirmed by MOMP PCR.

1 Positive Positive Negative Positive Positive. Infection was not detected
in cervix by cell culture.

1 Positive Negative/negative Negative Positive Positive. Infection was not detected
in cervix by cell culture and PCR.

a Initial result/result from reanalysis of an undiluted or diluted specimen.
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positive results by PCR with a cervical swab and were positive
by PCR with urine. The PACE 2 assay missed one patient who
was positive by culture and PCR with a cervical swab.
The respective sensitivity and specificity of the Amplicor

PCR were 82.0 and 99.7% with urine specimens and 82.0 and
99.8% with cervical specimens. The respective sensitivity and
specificity of cell culture were 84.6 and 100% with cervical
specimens, and those of the Gen-Probe PACE 2 assay were
79.5 and 100% (Table 2). The sensitivity of the Amplicor PCR
would have been 97.4% with urine specimens and 84.6% with
cervical specimens if the harmful effect of PCR inhibitors had
been eliminated in the first run.
Comparison of various diagnostic tests for C. trachomatis is

currently hampered by the lack of a proper gold standard. It
has become evident that the sensitivity of cell culture does not
meet the demands of a reference method for nucleic acid
amplification techniques. Therefore, different combinations of
test methods including cell culture are currently used as a
reference for comparisons. In this study, we evaluated the
diagnostic performance of PCR with urine and cervical speci-
mens in comparison with that of chlamydial culture and the
PACE 2 assay with cervical swabs. The total number of con-
firmed chlamydial infections was used as the basis for the
calculations of sensitivity and specificity. When the results of
different tests were discrepant, the PCR-negative specimens
were rerun diluted and undiluted to detect the specimens with
PCR inhibitors.
When special precautions were taken to eliminate the effect

of PCR inhibitors, 38 (97.4%) of 39 chlamydial infections in
this material could be found in urine by PCR. In contrast, only
35 cervical specimens (89.7%) from 39 patients with confirmed
chlamydial infection were found positive by at least one of the
three methods used. Thus, there were four (10.3%) confirmed
positive chlamydial infections in which the infectious agent was
only demonstrable in urine. In contrast, only one (2.6%) in-
fection that was found by cell culture from a cervical swab
specimen could not be found in urine by PCR. Urine speci-
mens thus appeared clearly superior to cervical swab speci-

mens. It is conceivable that the chlamydial material detected in
the urine can originate from both the urethra and the cervix.
The chlamydial material originating from cervical infection
could probably be carried with the vaginal discharge to the
perineum and further to the urine.
The resolved results by PCR with urine cannot, however, be

applied as such to routine clinical use. In this study, inhibition
of PCR was found in 6 of 39 (15.4%) patients who were
confirmed positive for C. trachomatis infection. Because of the
inhibitors, the sensitivity of PCR with primary urine specimens
was actually not better than that of cell culture or the PACE 2
assay with cervical swab specimens. When first described, the
inhibition of PCR was found in 4 to 10% of cervical specimens
and in only 0 to 3% of male urine specimens (1, 2, 5). In later
studies conducted in routine laboratories, the rate of inhibition
has been higher (3, 6, 13). It is possible that more inhibitory
specimens would have been found if the uniformly negative
urine specimens had also been run diluted. The duplicate test-
ing of all negative specimens (diluted and undiluted) would
have been a laborious and costly procedure and was not per-
formed.
The results of the current study clearly support the concep-

tion that PCR with urine can be used in screening programs for
C. trachomatis in asymptomatic risk groups. The convenient
sample collection will be a clear advantage, and the number of
false-negative specimens due to inhibitors of PCR can be ac-
cepted, because without screening, the infections would not be
found in any case. Regarding the diagnosis of symptomatic C.
trachomatis infections, the use of nucleic acid amplification
methods with urine specimens as a replacement for the meth-
ods currently used is, however, a contradictory issue. If not
eliminated by specific precautions, the inhibitors of PCR in
urine are likely to cause false-negative results among true-
positive patients with a frequency equal to that of conven-
tional, less-sensitive methods. The actual number of resulting
false-negative cases depends on the incidence of chlamydial
infections in the population involved. Thus, the problems due
to inhibitors are likely to be emphasized in high-risk popula-
tions.
In conclusion, PCR with urine specimens would be clearly

superior to the currently used methods if the problems due to
inhibitors could be eliminated. Further evaluation of PCR and
the other nucleic acid amplification methods and urine sam-
pling under standard field conditions is needed to assess the
true value of this tempting new approach to infection control.

This study was supported by a grant from the Medical Research
Fund of Tampere University Hospital, Tampere, Finland.
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