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"Does ligase chain reaction assay of urine in the
diagnosis of Chlamydia trachomatis offer significant
improvement over existing diagnostic tests?"-
a critical appraisal of the evidence

Lucia Grun, Jonathan Sheldon

Introduction
This article sets out a rational, systematic
method with which you can assess studies
describing new diagnostic tests, and decide
whether to incorporate those tests into your
clinical practice. Like the first article in this
series' it uses a current paper as a working
example and draws on guides to reading med-
ical literature that appeared recently in the
Jrournal of the American Medical Association.2'
The study assessed here looks at urine testing
for chlamydial infection using the ligase chain
reaction (LCR),4 an innovation that could
increase the possibility of widespread screening
for chlamydial infection outside sexually trans-
mitted disease (STD) clinic settings.
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Background
Genitourinary infection with Chlamydia tra-
chomatis is the commonest bacterial sexually
transmitted disease in the UK.' In women it
can have serious long term sequelae, such as

pelvic inflammatory disease, chronic pelvic pain
and infertility, which have significant personal,
social and financial costs.6 Because up to 70%
of infection in women may be asymptomatic,
early detection of lower genital tract infection
poses a challenge for clinicians.7 Recently there

has been much discussion about the possibility
of screening women for asymptomatic infec-
tion,8 especially those thought to be at particular
risk of complications: for example, those having
a termination of pregnancy.9 However, most
existing tests are poorly sensitive, that is, fail to
identify all of those infected's"2 and require cer-

vical or urethral samples to be collected.
The ligase chain reaction is a relatively new

test that uses gene amplification techniques to

Table 1 Evaluating and applying the results of studies of diagnostic tests [1]
Are the results of the study valid?

Primary guides:
Was there an independent blind comparison with a reference standard?
Did the patient sample include an appropriate spectrum of patients to whom the

diagnostic test will be applied in clinical practice?
Secondary guides:
Did the results of the test being evaluated influence the decision to perform the reference

standard?
Were the methods for performing the test described in sufficient detail to permit

replication?
What were the results?
Are likelihood ratios for the test results presented or data necessary for their calculation

provided?
Will the results help me in caring for my patients?
Will the reproducibility of the test result and its interpretation be satisfactory in my setting?
Are the results applicable to my patient?
Will the results change my management?
Will the patients be better off as a result of the test?

detect chlamydial infection. It has been used
successfully on urine samples in men" but its
performance in urine samples in women is cur-
rently under scrutiny. LCR using urine samples
could have two important benefits. Firstly,
urine samples are relatively easier to obtain
than cervical samples, which would make
screening more acceptable to women and
widen the range of settings in which testing
could occur. Secondly, if LCR is more sensitive
and specific than existing tests then fewer infec-
tions would be wrongly diagnosed through its
use.

The clinical problem
Screening or testing for chlamydial infection
outside clinic settings is infrequently per-
formed. This is partly because of the poor sen-
sitivity of tests which are currently available
and the need for performing a vaginal exami-
nation to collect specimens. The article exam-
ined here concludes that LCR is more
sensitive than existing tests and could be used
for more generalised screening. Using critical
appraisal, we test these conclusions, and
whether they should influence our clinical
practice.

How to approach a paper
When faced with a paper on a new diagnostic
test that might potentially change one's clini-
cal practice there are three questions which
need to be addressed (Table 1)2:
1. Are the results of the study valid? How has the
study been carried out, particularly with
respect to patient selection and the choice of a
"gold standard"? If the study is valid, ask the
next two questions.
2. What are the results of the study? How sensi-
tive and specific is the new test? Are other
measures of performance presented (for exam-
ple, likelihood ratio), or can these be calcu-
lated from the data provided? If not, why not?
3. Can the results of the study help in the care of
my patients? The acid test of any medical
advance is whether it will improve patient
care. This is as true for a diagnostic test as a
new medical or surgical treatment.

1. Are the results of the study valid?
Primary guides:
Is there an independent blind comparison with a
reference standard? Until recently the "gold
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standard" for the detection of Chlamydia tra-
chomatis has been cell culture of endocervical
specimens. There is now evidence that
between 5% and 30% of chlamydial infections
are in the urethra only and not detected on an
endocervical specimen.'4 Furthermore, work
with tests based on antibody detection sug-
gests that culture does not detect all cases of
infection.'5 '7 Because of these limitations the
concept of an "expanded gold standard" has
been developed. This allows for culture-nega-
tive samples to be considered positive if shown
to be positive by two or more unrelated tests.
Different investigators use slightly different
"expanded gold standards," depending on the
tests available to them and their own areas of
excellence.

In the study under critical appraisal,
matched pairs of endocervical and urine speci-
mens were compared. Endocervical samples
were tested using culture. First void urine
samples were tested using a plasmid based
LCR. Staff were blinded to the results of tests
when performing the assays. Where the urine
LCR was positive and the endocervical culture
was negative, these culture-negative endocer-
vical samples were subjected to additional test-
ing in a blinded manner with direct
immunofluorescence (DIF) which can directly
visualise chlamydial inclusion bodies. If the
endocervical specimen was confirmed to be
negative on testing with DIF, then LCR posi-
tive urine specimens were retested using
another LCR assay based on different DNA
probes in order to establish whether the LCR
result represented a false-positive. When LCR
on urine was negative and culture on endocer-
vical specimens was positive, the LCR was
considered to be false-negative.
We conclude that the study under appraisal

uses a convincing gold standard and has per-
formed its tests in an appropriately blinded
fashion.

Does the sample include an appropriate spec-
trum of those participants to whom the diagnostic
test will be applied in clinical practice? A test's
usefulness depends on its accuracy in a wide
range of clinical settings. A test that only
detects Chlamydia trachomatis in women with
marked symptoms and probable disease would
not be useful, for example, in potential screen-
ing programmes. Existing tests, such as
enzyme immunoassay perform poorly in low
prevalence populations, which limits their use
as screening tools. If patients either at low risk
or high risk of infection are not represented in a
study, the full range of test performance will
not be apparent. In this study, patients were
recruited from four different centres in North
America. In only one of these centres was the
prevalence of chlamydia over 10%, the
remainder having a prevalence between 3.3%
and 7%. These levels are consistent with pub-
lished community prevalence figures in the
USA and UK'8 19 and are therefore likely to be
fair representations of the average population.

Secondary guides:
Do the results of the test being evaluated influence
decisions to perform reference standard tests? In

some studies, the decision to perform a gold
standard test is influenced by the results of the
test under scrutiny, particularly where the gold
standard test is complex or invasive. For
example: performing a pulmonary angiogram
to exclude a pulmonary embolism might be
considered unethical when the non-invasive
test under scrutiny (such as, a ventilation-per-
fusion scan) is negative. In such studies, the
gold standard test is only performed when the
probability of a positive result is high, as it
might otherwise put patients at unacceptable
risks, or be too expensive.

In the study under review, all patients had
both endocervical culture and urine LCR
performed. The decision to perform the
"expanded gold standard" was determined by
the presence of a positive urine LCR when the
endocervical culture was negative. It ignores
the possibility that endocervical culture and
urine LCR may both miss true cases of
chlamydial infection. This could be the case if a
woman had only a urethral infection, which
would not be detected on endocervical cul-
ture. Some studies have taken urethral and
endocervical samples for culture, but this is
costly and uncomfortable for patients.20 This
does, however, clarify the results in cases of
purely urethral infection.

Are the methods for performing the test
described in enough detail to permit replication? In
the study under review, the methods are
described in detail, particularly the LCR test-
ing, which is a novel test with few previous
applications described in the literature.

In summary, this study meets the criteria for
validity set out above. Once satisfied that the
results in a given study are valid, the next step
is to look at what they are, and how the new
test compares to existing tests and the gold
standard.

2. What are the results ofthe study?
There are a number of different measures of
performance of a diagnostic test. Sensitivity
and specificity are commonly used, although
these do not take into account the population
on whom the test is being used. A test that
performs well on women attending an STD
clinic may perform less well in a different set-
ting where the prevalence of infection is lower.
From a clinical point of view the usefulness

of a test depends on how it will improve
patient care and at what cost. An ideal test is
one that can be relied upon to give an accurate
result, whatever the likelihood of infection.
However, few tests perform this well. It is
therefore useful to have a clear idea of how
accurate a test is likely to be when a patient's
clinical picture is taken into account.
When we evaluate a patient by taking a his-

tory and performing a physical examination,
the probability of them having a given disease
can be estimated. This probability is called the
"pre-test probability." While clinicians rarely
make formal estimates of pre-test probability,
they nevertheless subconsciously estimate how
likely it is that patients have a given disease
when taking a history and examining them.
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There is also literature quantifying the accu-
racy of history and examination in determining
pre-test probability.21
The likelihood ratio (LR) is a numerical

tool which allows clinicians to build on their
clinical judgment (that is, their estimated
pretest probability). The LR is calculated
using the same figures as those for calculating
sensitivity and specificity. In order to calculate
the LR we need to know the proportion of true
positives and true negatives identified by the
test in question. Using figures in the paper
under appraisal, we can construct the 2 x 2
table (shown in table 2).

Looking first at the samples that tested pos-
itive by LCR, 149 of the 159 positives, identi-
fied by the "expanded gold standard", were
correctly identified using LCR. This is a likeli-
hood of 149/159 (= 0.94). Only one sample
that was negative according to the gold stan-
dard was identified as positive by LCR, giving a
likelihood of 1/1777 (= 000056). The likeli-
hood ratio of a positive LCR is the ratio of
these two figures, in this case 0.94/0.00056 or
1678. In other words, a positive LCR result is
1678 times as likely to occur in a patient with
chlamydia infection than in a patient without.

In a similar way we can look at samples that
tested negative for chlamydia by LCR to cal-
culate the negative likelihood ratio. This will
give us an estimate of how powerful a negative
test result is. Using LCR the likelihood of a
false negative is 10/159 (= 0.0628). Since only
one true negative was identified as positive
with LCR, the likelihood of a true negative is
1777/1778 (0999). Thus the negative likeli-
hood ratio of the test is 00628/0.999
(= 0 0629). This means that a negative test
result using LCR is 00629 times as likely to
occur in a patient who has chlamydial infec-
tion than in a patient who does not.
We can use the LR to find out how much

the result of a diagnostic test will alter the pre-
test probability of a given diagnosis. An LR of 1
means that there will be no change: perform-
ing the test will not give any new information
nor alter your clinical judgment as to whether
the patient has the disease or not. A test with
an LR of greater than 1 increases the probabil-
ity that the patient has the disease over clinical
judgment alone and an LR of less than 1
decreases this probability. There is no hard
and fast rule about what size LR is clinically
useful. However, as a rough guide, LRs of
greater than 10 or less than 0-1 can change a
pre-test probability significantly. LRs between 1
and 2, or 0 5 and 1, alter the probability to
only a very small extent and are unlikely to be
important in clinical practice. Intermediate
figures can generate small, but possibly impor-
tant, changes in probability.

Once we know the LR of a test, and
whether it is likely to have clinical significance,

Table 2 The 'expanded gold standard'

Positive Negative Total

LCR Positive 149 1 150
Negative 10 1777 1787
Total 159 1778 1937
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we need to combine it with the pre-test
probability to decide whether the test will
alter our clinical management. Combining
likelihoods requires cumbersome calculation.3
Fortunately, Fagan22 has devised a simple
nomogram (fig) which does all the work. This
allows us to combine pre-test probability with
the LR of a test to give a post-test probability
(that is, the probability of a diagnosis once
information from the test result has been
incorporated). The first column of the nomo-
gram shows the pre-test probability, the sec-
ond column gives the LR and the third gives
post-test probability. To find out if a given test
would alter your clinical judgment, anchor a
ruler on the pre-test probability. Then rotate it
to pass through the LR for the test in question
and read off the post-test probability in the
third column.

In the example under appraisal, the LR of
LCR is so large that for any pre-test probability,
however large or small, the likelihood of infec-
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tion in the presence of a positive test is
extremely high. For example, an asympto-
matic patient attending a pre-termination
clinic, who has a pre-test probability of infec-
tion of 15-20%, would have over 99% proba-
bility of infection if her LCR test was positive.
Conversely, the small negative LR means that if
her LCR test was negative, it is very unlikely
that she actually has chlamydial infection: in
the example given this would be only 1.5%.

Having established that a diagnostic test
gives valid results and what the LR of the test
is, we turn to the question of whether the test is
useful in clinical practice.

3. Can the results of the study help in the
care ofmy patients?
Will the reproducibility of the test result, and its
interpretation, be satisfactory in my setting? The
usefulness of any test depends on its repro-
ducibility in different settings. Reproducibility
may be poor because of problems with the test
itself-for instance sensitivity to temperature
or contamination-or because it requires
interpretation, which may be subject to per-
sonal differences. An article about a diagnostic
test should give some guide to how repro-
ducible it is and whether particular problems
can be anticipated.

In the study under appraisal, the authors
detail how positive results were defined with
LCR testing. Furthermore, they specify
exactly how they avoided contamination of
specimens. In reality, few clinicians will be in a
position to order a new test involving new
technology until it becomes available locally,
at which point these detailed descriptions
become important.

Are the results applicable to my patients? It is
important for the clinician to know that the
test will have the same accuracy in her or his
patients as in those studied. If the patients
described in a paper are similar to patients
seen by the clinician, it is likely that the results
will apply. Hence the point made above about
the importance of a representative population
having been examined in the study.

As already mentioned, the authors of this
study have looked at populations with a range
of chlamydial prevalence, covering most clinical
practice that STD physicians and general
practitioners are likely to encounter. We can
therefore use its results with confidence, once
the technology becomes available.

Will the results change my management?
Critical appraisal of this paper suggests that, in
experienced hands, LCR testing is an excep-
tionally promising tool with properties that
make its results definitive. If generally avail-
able to clinicians at an acceptable cost, it
seems likely that urine LCR could become the
test of choice for Chlamydia trachomatis in men
and women. On this evidence, LCR would
detect an additional 45 cases of chlamydia
compared with culture of endocervical speci-
mens, an increase of 43%. LCR made one
false positive diagnosis, which represents a rate
of approximately 1 in 200. Clinicians need to
decide if this rate of false positives is accept-

able in their clinical practice. LCR is unusual
in having such a high LR. More often, clini-
cians face decisions where a test has less
power: while increasing the post-test probabil-
ity, it will not make the diagnosis certain.

In STD clinics, the poor sensitivity of cur-
rently available tests may mean that some
women are being falsely reassured that they do
not have chlamydia infection. Clinicians
should therefore have clear guidelines about
what post-test probability of infection is neces-
sary for treatment to be initiated and at what
post-test probability they will say an infection
is absent. If a result falls between these two
levels further investigation is warranted to
confirm the diagnosis. Knowing the LR of a
diagnostic test allows post-test probability to
be determined and decisions to be made in a
rational, consistent way. At present in STD
clinics it is often appropriate to treat chlamy-
dial infections epidemiologically (that is,
through sexual contacts), in part because of
the limitations of existing tests. This may not
be necessary with a more sensitive and specific
test.
When evaluating papers on diagnostic tests,

it is unlikely that we will be making choices for
individual patients. Where policy decisions are
being considered, with significant long-term
resource implications, it is essential that such
studies are evaluated critically within a struc-
tured framework. Results of more than one
study need to be considered, and any differ-
ences examined carefully and compared to the
local conditions.

Conclusion
This paper has provided guidelines for critical
appraisal of studies describing diagnostic tests.
Using these, you can decide whether studies
provide a credible estimate of the value of the
test, what the properties of the test are, and
whether it is of use to you. Increasingly, arti-
cles include the likelihood ratio of the test
under scrutiny or at least provide figures that
can be used to compute the LR. We have
shown how this can be used in clinical prac-
tice.
From critical appraisal of the study used as

an example here, LCR on urine samples has
extremely high positive and negative LRs. It
provides clear evidence of the presence or
absence of chlamydial infection and, if avail-
able to clinicians, it would probably be the test
of choice. Although only one paper, the evi-
dence presented here is compelling. Critical
appraisal of further studies should influence
important decisions about whether the tech-
nology needed for LCR testing should be
widely introduced and how this could be
done.
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