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Chlamydia screening: which sample for which
technique?

Angelika Stary

Chlamydia trachomatis is considered the most
common bacteria causing genital infections in
the industrialised world. In women, the infec-
tion may lead to serious complications such as

pelvic inflammatory disease (PID) with conse-

quences including infertility, ectopic preg-
nancy, and chronic pelvic pain. It has been
shown that screening of women at risk for
STD can reduce half of the cases of PID.1

Within the past decade different non-

culture tests have become commercially avail-
able to enable more efficient diagnostic and
screening programmes even in large popula-
tion groups.2 Owing to the high sensitivity of
some of these tests invasive specimens from
the endocervical canal and urethra can now be
replaced by non-invasive specimens such as

urine and vulval samples.

Which tests are currently available for
chlamydial diagnosis?
Beside cell culture, a variety of commercially
available laboratory tests such as antigen
detection tests, nucleic acid hybridisation
assays, and nucleic acid amplification tech-
niques can now be used for the diagnosis of
chlamydial infections in women and men on

different sample types.
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CELL CULTURE

For years, culture of the organism was the only
recommended technique for chlamydial diag-
nosis and has been regarded as the "gold stan-
dard" method to be compared with all other
techniques. Cell culture has the benefit of an

excellent specificity while the sensitivity is now
recognised to be less than optimal. The sensi-
tivity of detection of C trachomatis by cell cul-
ture even with experienced laboratory workers
is probably not higher than up to 70% in
females and males depending on the labora-
tory procedures and on the clinical status of
the patient and the number of viable organ-
isms in the specimen.' Cell culture procedures
differ in research centres and are not standard-
ised.4 The reliability of diagnosis by cell cul-
ture depends not only on the expertise of the
cell culture technique itself. A substantial vari-
ation was noted in specimen collection, trans-
port conditions and times, culture procedures
and identification of positive cultures by differ-
ent staining methods and by performing sub-
cultures in case of a negative result. Pitfalls,
other than a low sensitivity of culture, are a
bacterial overgrowth and cytopathic effect
especially for cervical specimens.

ANTIGEN DETECTION
Antigen detection tests, such as enzyme

immunoassays (EIA) and direct immunofluo-
rescence assays (DFA), use monoclonal or

polyclonal antibodies against the major outer
membrane protein (MOMP) or the
lipopolysaccharide (LPS) of C trachomatis. At
the present, the most commonly used tests for
chlamydial diagnosis are EIAs. The sensitivity
ranges from less than 70% up to 100% when
compared with cell culture and is dependent
on the level of organisms present in the speci-
men and the ability of the test to detect even a

low load of elementary bodies (EBs). Because
of the high number of EBs in symptomatic
patients a median sensitivity of up to 92% can
be achieved in this patient group.5 The ranges
of sensitivity of antigen tests in different studies
are not only influenced by the quality of the
test itself but also by the quality of culture or

other comparative tests used for the calcula-
tion.6 Including amplification assays as gold
standard the detection rate of EIAs is
decreased to 40-80%. The test performance
of EIAs is simple, for some are already fully
automatic and reading the results is objective,
allowing a high test capacity. Because of cross
reactivities with other bacteria, positive results
obtained by the EIA must be confirmed by the
DFA on the sediment after centrifugation of
the test tube or by an additional blocking test
of the residual specimen. For chlamydial diag-
nosis by the DFA, transport and storage con-

ditions are unimportant, the processing of
specimens is simple, and both the sensitivity
and specificity of the DFA depend on the
experience of the observer to detect small
numbers of EBs and to discriminate between
specific and non-specific staining. This tech-
nique is the only one which gives an insight
into the quality of specimen collection by the
presence of a sufficient number of cells on the
slide, but it has the disadvantage of a low
capacity of the number of specimens to be
examined, depending on the observer's exper-
tise. The DFA is often included in evaluation
studies for discrepant analysis of culture nega-
tive and non-culture test positive results.

NUCLEIC ACID HYBRIDISATION TESTS
Nucleic acid probe assays have been shown to
be effective alternatives to EIAs for screening
for C trachomatis.7-9 The commercially avail-
able PACE 2 assay (Gen-Probe) has been
recorded to be as sensitive as EIAs or cul-
ture.79 The use of the method has become
widespread with the advantage of a high test
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capacity. The storage and transport conditions
are similar to the EIAs, the procession of spec-
imens is less technical than cell culture, and
reading of the test is simple and objective.
There is a grey zone of borderline or low posi-
tive results which have to be confirmed by the
probe competition assay (PCA) to differenti-
ate between false and true positive cases and
to increase both the sensitivity and specificity
of the PACE 2. Since an RNA amplification
step has recently been developed to be
included in this test, the PACE 2 test will be
replaced by this amplification assay in the near
future.

AMPLIFICATION ASSAYS
It was recently demonstrated that nucleic acid
amplification by the ligase chain reaction
(LCR, Abbott Laboratories, Abbott Park, IL,
USA) and the polymerase chain reaction
(PCR) represents a highly sensitive and spe-
cific approach for the detection of C trachoma-
tis in genital specimens of men and women
when compared with cell culture.0- 11 Both
techniques are based on the amplification of
plasmid DNA specific for the organism.

For LCR, a co-amplification for the simul-
taneous detection of Neisseria gonorrhoeae from
the same specimen has been developed and is
already commercially available, although pro-
cessing is done separately in the laboratory for
both bacteria. The most recent development
of amplification tests is the Gen-Probe ampli-
fied Chlamydia trachomatis assay which is a
transcription mediated amplification (TMA)
with the ribosomal RNA as the target to be
amplified and detected. The TMA uses two
primers, one containing a promoter sequence
for the RNA polymerase and a second primer
binding to a DNA copy. One of the two
enzymes, the reverse transcriptase creates a
DNA copy of the target rRNA by extension
from the 3' end of the promoter primer. The
second enzyme, the RNA polymerase, recog-
nises the promoter sequence in the DNA tem-
plate and initiates transcription. Each of the
DNA templates can make 100-1000 copies of
RNA amplicon, resulting in a production of 10
billion amplicons in less than one hour.
Detection of these amplicons occurs by the
same hybridisation protection assay (HPA)
which utilises a highly sensitive chemilumines-
cent signal as in the PACE 2 assay. One of the
advantages of the TMA is the high number of
rRNAs in each infected cell. Furthermore, the
test procedure is simple to perform, the TMA is
an isothermal process and does not require a
thermocycler for the amplification step.

For amplification tests transport and stor-
age conditions are less critical when compared
with culture. Transport media are usually pro-
vided by the manufacturer. Although process-
ing of the test requires precautions against
contamination, the performance is already
partly automated, and reading is objective and
simple. The sensitivity of amplification assays
is considerably increased compared with non-
amplification procedures including cell cul-
ture, and the discrepancy between other tests

is especially high for specimens with a low
number of chlamydial particles, as may occur
in asymptomatic people.'2

Which samples can be used for which
test?
Genital infections caused by C trachomatis are
due to an infection of the columnar or transi-
tional epithelium of the urethra and the endo-
cervix, with extension to the upper genital
tract such as the epididymis, endometrium,
salpinx, and the peritoneum. Rarely, the rec-
tum can also harbour the organism. For
chlamydial diagnosis, invasive samples from
the site of infection (genital samples) with a
high number of viable organisms as well as
non-invasive samples (urine and vulval sam-
ples) contaminated with EBs may be used.

INVASIVE SAMPLES
For the diagnosis of genital chlamydial infec-
tions by cultivation of the organism only genital
specimens from the site of infection with a suf-
ficient number of viable EBs are recom-
mended. Specimen collection with as many
cells as possible from the urethra or the endo-
cervical canal, and optimal transport and stor-
age condition for the specimens to preserve
viable organisms for cultivation are important
issues.
Of the antigen detection tests, the DFA

tests have been used predominantly for the
detection of infectious organisms in genital
and ocular smears. Reading the test becomes
especially tedious when a low number of fewer
than 10 EBs are present in the smear, as can
happen in asymptomatic people. It may
become difficult to discriminate between spe-
cific and non-specific staining if fewer than
five EBs are present.

EIAs have been recommended primarily for
the examination of genital samples ofmen and
women with a sufficiently high number of EBs
being detected in the specimen. Sensitivity val-
ues vary for different EIAs, depending on their
capacity to detect even small numbers of EBs.
The specificity of EIAs is influenced by the
presence of other Gram negative bacteria
especially in pharyngeal, urine, or ocular
swabs because of cross reactivity.
The PACE 2 test is recommended for use

only for genital samples.
The evaluation of amplification tests started

with comparison studies of genital samples
using either cervical or urethral swabs from
men and women. Because of the high sensitiv-
ity of amplifying tests the results are less
dependent on the quality of specimens and an
inadequately collected or transported speci-
men with a low number of infectious agents
can be dealt with.

NON-INVASIVE SAMPLES
In contrast with genital samples, non-invasive
specimens such as urine and introital smears
from the vulval region are easy to collect, giving
access to a large population group, and so are
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important for screening adolescents with a
high prevalence of asymptomatic chlamydial
infections. Indeed, since in some women
chlamydia can only be isolated from urethral
samples, these tests may have higher detection
rates through contamination from urethral and
cervical specimens than samples taken from
the cervix alone.

Since most of the organisms contaminating
urine are no longer viable, urine as a non-inva-
sive specimen is not an appropriate sample for
chlamydial diagnosis by cell culture, as it gives
a low sensitivity of up to 30% from urine sam-
ples.'3 Furthermore, vulval smears obtained
from the introitus vulvae should not be used to
perform cell culture. In a comparative study
using vulval specimens in addition to urine
and cervical swabs the sensitivity of culture on
vulval swabs was only 22.2%, similar to the
data for urine.'4

Antigen detection tests were not only evalu-
ated for invasive but also for non-invasive sam-
ples, especially in men, suggesting a role of
urine as screening tool.' 1-8 Chlamydial diag-
nosis on the deposit of centrifuged first void
urine (FVU) has been performed with differ-
ent EIAs mostly in men. The first results of
urine testing looked promising when com-
pared with culture, with a sensitivity of about
80% to 85% for the Chlamydiazyme and the
EIA Baxter Bartels on male urine sediment in
asymptomatic and symptomatic men.'718 The
problem at that time was that calculations
were performed with culture as the gold stan-
dard for the specificity as well as sensitivity of
EIAs on urine sediment. These enthusiastic
first data reported in some studies had to be
revised by the newly introduced amplifying
techniques, which have shown a poor sensitiv-
ity for culture as well as for the EIA on urine
especially in asymptomatic individuals, with a
sensitivity not higher than 40%.'9

Although the diagnosis of EBs in the urine
sediment by the DFA gave a better result for
sensitivity and specificity than did EIAs, the
disadvantage of the DFA on urine sediment is
the labour intensive procedure and depen-
dence on the expertise of the observer. Thus,
it is not suitable for the performance of screen-
ing programmes in a larger population group.

Amplifying assays are highly effective in
identifying genital chlamydial infections in
men and in women not only by testing invasive
samples but also by using FVU as a non-inva-
sive specimen." 20-22 Automated LCR assay on
FVU of about 2000 women detected up to
30% more infected women than did endocer-
vical swab culture.2' So far, the LCR assay is
highly effective for the detection of C tra-
chomatis even in urine of females with or with-
out signs or symptoms of a genital chlamydial
infection. Similar to LCR, testing urine sedi-
ment with the commercially available PCR
Amplicor (Roche Diagnostic Systems,
Branchburg, NJ, USA) performs with a higher
sensitivity when compared with urethral and
cervical culture."1 23 In a study on 415 women,
culture detected 61.2% of infected women
compared with 87-8% for the commercial
PCR assay Amplicor on urine." Using the

Amplicor for testing urine in 713 men the sen-
sitivity of culture on urethral specimens was
only 50.7% and the resolved sensitivity of
Amplicor on urine was 88%, confirming that
this technique provides a non-invasive diag-
nostic assay for routine screening for chlamy-
dial infection.

Since in asymptomatic individuals only a
small amount of infectious agents can be
expected, detection of micro-organisms
requires the use of nucleic acid amplification.
This was shown in a recently performed com-
parative study in 705 asymptomatic male
recruits.'9 We compared the performance of
two different amplification assays, the LCR
and PCR, with that of the EIA and FVU. The
results confirm that both amplification meth-
ods were similarly sensitive (93 1%) using
frozen urine of asymptomatic young men,
which the EIA performed with a poor sensitiv-
ity of 37.9% and cannot be recommended as a
suitable alternative test for urine, especially of
asymptomatic men.

Recently, we investigated whether vulval
specimens as an alternative non-invasive speci-
men in women may also be suitable for
chlamydial diagnosis.'4 In this study LCR, cul-
ture, and EIA were tested on different speci-
mens from various sampling sites in women,
including vulval smears and FVU as well as
swabs from the endocervical canal and the ure-
thra. The principal question was whether the
vulval region may act as an alternative non-
invasive sampling site which could substitute
FVU for the detection of C trachomatis in
women. Whereas LCR showed a high sensitivity
for all specimen types (85-2% for vulval, urine,
and endocervical specimens, each), the sensi-
tivity of culture and EIA was high only with
endocervical swabs (74.1% and 70.4%, respec-
tively), and low for vulval specimens (22-2%
and 40.7%). The high sensitivity for vulval and
urine specimens using LCR was confirmed by
a further study in 312 women, and seems not
to be influenced by either the viability of the
organism or by the low number of infectious
particles. It can be explained as a result of
the ability of this technology to amplify even
a small amount of chlamydial DNA.
Furthermore, it confirms the presence of EBs
in the vulval region contaminated from the cer-
vical and urethral region, similar to urine
swabs. The low sensitivity of vulval swabs by
culture is most probably the result of the low
number of viable organisms as is the case with
urine samples. The low sensitivity of the EIA
when testing vulval swabs may be due to the
low number of EBs in the specimens, below
the detection limit of this technique. Vulval
specimens as with FVU, seem not to be suit-
able for chlamydial diagnosis by culture or by
EIA but only by the more sensitive amplifica-
tion tests. The poor performance of antigen
detection was also demonstrated on vaginal
specimens by the Abbott Testpack assays on
vaginal tampons.24 Similar to urine results, the
detection rate of the Abbott Testpack assays on
vaginal tampons was lower when compared
with cervical swabs or culture because of a
smaller amount of antigen in the vaginal fluid.
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In a comparative study performed in
patients attending the outpatients' centre for
STD diagnosis in Vienna, the TMA for C tra-
chomatis was compared with cell culture and
with the LCR assay on endocervical, vulval,
and urine samples for women, and urethral
and urine samples for men.25 Both amplifying
assays, the TMA and LCR, performed with a
high sensitivity for all samples, detecting more
infected individuals by testing urine and vulval
specimens compared with culture on genital
specimens. The concordance of TMA and
LCR assays was high. In a recently published
comparison study the results of urine tested by
TMA were compared with those obtained by
the AmplicorPCR and with culture.26 Both
amplifyfing methods performed with a sensitiv-
ity of more than 90% on urine. The results
presume that the TMA can be supposed to be
another amplifyiing method for chlamydial
diagnosis on non-invasive specimens.
A new century of chlamydial diagnosis has

started with the possibility to amplify and
detect even small amounts of the chlamydial
DNA or RNA in non-invasive specimens and
with the opportunity of screening a large per-
centage of the population at risk by easy sample
collection. The results indicate that in addition
to FVU vulval specimens also seem to be suit-
able as non-invasive samples for the highly
sensitive amplifying assays LCR, PCR, and
TMA, and may be used as an alternative to
genital samples for screening high risk popula-
tions. Testing vulval specimens may replace
the more time consuming urine testing which
necessitates a centrifugation step in the labora-
tory. In addition, the sampling may be
performed by the women themselves.
Furthermore, it is essential that to evaluate the
true sensitivities and specificities of new tests
an amplifying assay must be included not only
for discrepant analysis but to test all positive
and negative samples to determine the reliabil-
ity of a new test for all infected and non-
infected individuals.
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