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Screening for Chlamydia trachomatis in women is generally (12–16). This approach represents a very simple sampling
technique and will probably be highly acceptable to womendone using only one specimen from each patient in order to

minimize costs. In this study the aim was to compare the since, as for urine, the specimen can be obtained by the
patient herself.performances of vaginal, cervical and urinary specimens in a

population of young women with sparse symptoms. During 1998, This study was designed to compare the sensitivity and
speci� city of diVerent sampling techniques in young Swedishspecimens from 1,001 women at the Departments of Venereology

and Youth Health Care at the University Hospital of Uppsala, women living in an urban area. All the samples in this study
were collected by a clinician.Sweden were examined by both ligase chain reaction and cell

culture for detection of C. trachomatis. The samples from the
cervix, vagina and urine were tested by ligase chain reaction, MATERIAL AND METHODS
while specimens for cell culture were collected from the cervix

Study populationand urethra. The prevalence of genital C. trachomatis infections
was 5.1%. A single urine specimen had a sensitivity of 80.0%,

Specimens during speculum examination were collected from 1,001
while the sensitivity of a single vaginal specimen was 96.0%. women (aged 15–53 years, mean 22.9 years, median 21 years) con-
The speci� city was 100% for the urine specimens and 99.4% for sulting either the Venereology Department or the Youth Health Clinic

at the University Hospital of Uppsala, Sweden, during May–Octoberthe vaginal specimens. The sensitivity and speci� city of a single
1998. The study includes patients presenting consecutively at thecervical specimen was 92.0% and 99.6%, respectively. Although
clinics during that period. All the women presenting at the Venereologythe urine ligase chain reaction seemed to have the lowest Department were sexually active. Most of them were involved in a

sensitivity of the compared specimens for testing of C. steady relationship with one man and did not have a history of any
trachomatis infections in this population, the diVerences in sexually transmitted disease (STD). About 50% presented for a normal

checkup and did not have any symptoms.sensitivity between urine, cervical and vaginal specimens were
The patients at the Youth Health Clinic were all below 20 years ofnot statistically signi� cant. Key words: Chlamydia trachomatis;

age and most of them were sexually active. Most were free from
urine; cervix; vagina; ligase chain reaction. symptoms and came for a routine checkup and/or a prescription for

contraceptive pills. None of the patients had a history of any STDs.(Accepted May 11, 2001.) There were no prostitutes visiting either clinic.
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Specimen collectionEva Hjelm, Department of Clinical Bacteriology, University

Hospital, SE-751 85 Uppsala, Sweden. Chlamydial culture. Specimens from the urethra and cervix were
sampled using alginate C. trachomatis culture swabs (Biohospital AB,E-mail: Eva.Hjelm@microbeclm.uas.lul.se
Kopparberg, Sweden). The swabs were immediately placed in 2-SP
medium and transported to the laboratory on the same day. The
samples were stored for a maximum of 2 days at + 4°C before

For many years cell culture has been used as the ‘‘golden cultivation.
standard’’ for detection of Chlamydia trachomatis in genital

Ligase chain reaction (LCR). Samples from the cervix and vaginaspecimens. The introduction of enzyme immunoassays (EIAs)
were taken with the LC ´ sampling kit (Abbott Laboratories, Chicago,made it possible to detect the bacteria in urine, which facilitated IL, USA). A � rst-catch urine specimen was collected in a 10 ml sterile

sampling from men (1, 2). Several trials using EIAs on plastic tube. All LCR specimens were stored at + 4°C and processed
women’s urine failed, as the sensitivity reported was too low the same day or on the day following sampling. The order of sampling

was randomized by taking the specimens for cell culture � rst in the(3). The development of nucleic acid ampli� cation techniques
� rst 500 women and the specimens for LCR � rst in the remaininghas, however, increased the sensitivity of detection levels for
patients.

C. trachomatis (4, 5), with male urine samples becoming The cervical swab was inserted about 1 cm into the cervix and
attractive targets for many investigators. Both polymerase rotated for about 15 s. The vaginal specimen was obtained by rotating

the swab through at least the lower half of the fornix.chain reaction (PCR) and ligase chain reaction (LCR) have
shown high sensitivity when urine samples were used (6, 7).
Many studies have shown an excellent performance of these Laboratory procedures
techniques also on female urine (4, 5, 8, 9), although results

Cell culture. The cervical and urethral samples were inoculated intoin pregnant women have been somewhat con� icting (10, 11).
McCoy cells grown in 24-well plates, as described by Ripa & MaÊ rdhLately, sampling from the vagina, as an alternative to urine (17). After 48-h incubation the wells were stained with FITC-conjug-

or cervical samples, has been introduced and has been shown ated monoclonal antibodies to C. trachomatis (MikroTrak Chlamydia
trachomatis Culture Con� rmation Test, Trinity Biotech plc., IDAto be highly sensitive for detection of C. trachomatis in women
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Business Park, Bray, Co. Wicklow, Ireland) and examined microscop- who were con� rmed to be true Chlamydia cases. Three patients
ically in an inverted luminescent microscope (Zeiss Axiovert, were positive only in cervical LCR while 5 patients were
Germany) at a magni� cation of ´ 400. Specimens producing at least

positive only in vaginal LCR. One cervical, one urine andone inclusion per well were regarded as positive.
one vaginal sample, which yielded equivocal results when

Ligase chain reaction assay. The LCR procedure was performed as tested by LCR, became positive when retested by MOMP-
recommended by the manufacturer (Abbott Laboratories, Chicago, LCR. One cervical and one vaginal sample gave equivocal
IL, USA). Values within 10% from the cutoV value were considered

results with both LCR methods. Of the 13 specimens foundas equivocal. Positive and equivocal results were consistently con� rmed
positive by LCR in only one run, only one (a urine specimen)by a second run. Equivocal results that were positive in the con� rma-

tion run were considered as positive results. was con� rmed as positive.
A combination of a cervical and a vaginal sample, as well

as of a urine and a vaginal sample found 49 (98%) of the 50Con� rmation of discrepant results
true-positive patients. The combination of a urine and a

All specimens found positive in cell culture were considered as true cervical sample found 48 (96%) of the true-positive patients.positive. All specimens that were equivocal or positive in at least one
The sensitivity, speci� city and positive and negative predict-LCR run giving a negative cell culture result were sent to the Abbott

ive values for the diVerent sampling sites and methods areLaboratories, Chicago, IL, USA, to be retested using C. trachomatis
major outer membrane protein (MOMP)-based LCR. Specimens shown in Table I. The highest sensitivity after the resolution
testing positive with MOMP-LCR were considered to be true positive. was noted when cervical and vaginal samples were examined

Since LCR has a higher sensitivity than both cell culture and
(92.0% and 96.0%, respectively). The urine samples showedMOMP-based ampli� cation techniques, specimens found repeatedly
the lowest sensitivity (80.0%), even below that of cell cultureas positive by LCR were also considered true positive if the patient

had a repeatedly positive LCR result in at least one other sampling (82%). Although the diVerences between the calculated sensit-
site, irrespective of the culture or MOMP-LCR result. ivities for urine specimens and cervical/vaginal specimens seem

To summarize, a positive LCR result was considered true positive if: to be large, they do not reach statistical signi� cance (urine
(a) the patient had a positive cell culture; or versus vaginal specimen, p > 0.5). All test methods had high
(b) the specimen was positive with MOMP-LCR; or speci� cities and positive and negative predictive values at all(c ) the patient repeatedly had positive LCR results from at least one

the sites tested, although the positive predictive values of urineother sampling site.
LCR were greater than those of LCR on cervical and vaginalA patient who had a con� rmed positive result in any sample, was
samples. The vaginal LCR had the lowest positive predictiveconsidered to be a true case of Chlamydia infection.
value.

Statistical analyses

DISCUSSIONSensitivity, speci� city, positive predictive values and negative predict-
ive values were calculated using the JMP computer program (SAS The results of this study show a very high sensitivity and
Institute Inc., NC, USA). The equivocal results were regarded as

speci� city for both cervical and vaginal specimens for thepositive in the calculation of these values; x2 analysis of independent
detection of C. trachomatis in women. The sensitivity for urineproportions was used for studies of signi� cance of diVerence.
specimens was somewhat lower, even lower than that for
culture from the urethra and cervix, although the speci� city

RESULTS
was very high. It is, however, important to note that positive
specimens should be repeated to achieve a high speci� city,A total of 1,001 women gave their consent to participate in

the study. For culture of C. trachomatis, cervical samples were since only 1 out of 13 specimens positive in only one run could
be con� rmed. This is of great importance when testing is doneobtained from all the women and urethral samples from 991.

Altogether, 1,000 cervical, 1,000 vaginal and 980 urine samples in a low-prevalence population, as discussed by Östergaard
(18).were subjected to LCR testing. All � ve specimens were

obtained from 978 women, who � nally constituted our study Many studies have shown an excellent performance of the
urine specimens in detecting chlamydial infection, especiallypopulation.

In total, 50 patients had at least one sample con� rmed as in males (see, e.g. 6, 7). Other studies, however, have found
a lower sensitivity for urine than for other specimens fromtrue positive, so that the total prevalence among the population

tested was 5.1%. women (10, 14, 16). It is important to use the same technique
when comparing the usefulness of diVerent sampling sites.Among these 50 women, 22 had a mild cervicitis and/or

urethritis with sparse discharge. The other 28 patients had no Studies that compare urine LCR with cell culture from the
cervix and/or urethra usually show a superior performance ofclinical signs of genital infection.

The cervical cultures were found to be positive in 35 and the LCR (6, 19) as the DNA ampli� cation methods are more
sensitive than the cell culture, while studies that use the samethe urethral cultures, in 34 patients. In total, C. trachomatis

was isolated from the cervix, urethra, or both, in 41 patients, detection method have reported diVerent results (9, 10, 12,
14, 16).which gives a sensitivity of 82%. Using cell culture, the

prevalence of C. trachomatis was therefore estimated to be In this study we compared diVerent specimen sampling
locations, using the same technique. Cell culture and MOMP-4.2%. All culture-positive patients were also found positive by

LCR at at least one site. LCR are used only as con� rmation tests. The majority of the
women seeking medical care at the Venereology DepartmentAfter completion of all the con� rmatory steps, 45 cervical,

39 urine and 47 vaginal specimens were con� rmed as true and Youth Health Clinic had no signs of cervical in� ammation.
Moderate in� ammation, where present, resulted in a smallpositive LCR results (Table I ). The LCR assay on cervical

specimens alone missed 4 patients; on urine samples alone 10 amount of discharge into the urine. We may assume that this
could explain why the urine samples were not so sensitive inpatients and on vaginal samples alone 2 patients were missed,
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Table I. The ligase chain reaction results obtained from testing genital samples from 978 women for Chlamydia trachomatis

No. of No. of con� rmed Positive predictive Negative predictive
specimens positive patientsa Sensitivity (%) Speci� city (%) value (%) value (%)

LCR cervix 92.0 99.6 92.0 99.6
Positiveb 48 45
Negative 928 4
Equivocal 2 1

LCR vagina 96.0 99.4 88.9 99.8
Positive 52 47
Negative 924 2
Equivocal 2 1

LCR urine 80.0 100 100 98.9
Positive 39 39
Negative 938 10
Equivocal 1 1

aThe � gures show the number of patients in each group that had been con� rmed by any sample to be a true case of Chlamydia infection. See
Material and Methods for determination of true results.
bOnly results that were repeatedly positive in ligase chain reaction (LCR) or positive in one run but con� rmed by another method are included.
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