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SUMMARY
Routine pleural fluid investigations have limitations in establishing a
diagnosis in patients with tuberculous pleural effusion. Nucleic acid
amplification (NAA) tests have recently been promoted as a rapid
method of diagnosing pulmonary and extrapulmonary tuberculosis.
This systematic review and meta-analysis evaluates the performance
of this new technique in the diagnosis of tuberculous pleural effusion.

The review included 38 English and Spanish articles (with 40
studies) reporting the results of NAA tests on at least 10 pleural fluid
specimens with a comparison with a reference standard. Data on
methodological quality, characteristics of the participants, test meth-
ods and outcome were extracted from each study. Test accuracy was
quantified for each study using indices such as sensitivity, specificity,
positive and negative likelihood ratios, and diagnostic odds ratio.
These measures were pooled using the random effects model. The
overall performance was assessed through a summary receiver oper-
ating characteristic (SROC) curve. Stratified analyses were used to
identify the study design and test-related factors responsible for
heterogeneity in test accuracy. Studies using commercial tests (n=14)
were analysed separately from those using in-house tests (n=26).

Studies using commercial tests yielded high overall specificity
estimates (0.98; 95% confidence interval [CI] 0.96–0.98). In con-
trast, the overall sensitivity estimates were lower and heterogeneous
(0.62; 95% CI 0.43–0.77). Stratification by type (brand) of test
reduced this overall heterogeneity to some extent, with Amplicor®
tests performing poorly compared with LCx® or MTD® tests. For
the in-house tests, both sensitivity (range 0.20–1.0) and specificity
(range 0.53–1.0) estimates were significantly heterogeneous and,
therefore, could not be appropriately summarized. ummary mea-
sures of a positive likelihood ratio were much higher for commercial
than in-house tests (25.4 v. 9.7).

Based on these results, the authors concluded that commercial
NAA tests may have a potential role in confirming (ruling in)
tuberculous pleural effusion (due to high specificity), but may not be
useful in excluding the disease (due to low and variable sensitivity).
NAA test results, therefore, need to be interpreted in parallel with
the clinical findings and results of conventional tests. The clinical
applicability of in-house NAA tests remains unclear due to their
variable specificity and sensitivity.

COMMENT
Tuberculous pleural effusion is a common clinical problem.
Unfortunately, there is no gold standard for diagnosing this
disease, as a positive microbiological confirmation (either by
Ziehl–Neelsen smears or cultures of clinical specimens) is pos-
sible only in a minority of patients. The microbiological yield from
diagnostic thoracocentesis as far as the smear is concerned is
virtually zero, unless large amounts of pleural fluid are pro-
cessed or the patient has a tuberculous empyema. Standard

culture techniques are time-consuming and yield positive re-
sults in only about one-third of cases. Most clinicians, there-
fore, rely on a battery of other laboratory tests to gather
supportive evidence before deciding on initiating antitubercu-
lar chemotherapy.1,2 Several new diagnostic tests have been
proposed as possible discriminators in identifying patients
with tuberculous pleural effusion. Some details on the perfor-
mance of adenosine deaminase, lysozyme and gamma-inter-
feron levels in pleural fluid are now available, and these tests can
be used as supplementary investigations for establishing the
diagnosis.3,4 However, these tests still do not yield a confirmed
microbiological diagnosis. Even the most comprehensive evalu-
ation protocols cannot guarantee a definite diagnosis of tuber-
culous pleural effusion, and as many as a quarter of patients may
end up with a non-diagnostic work-up. Diagnosis in several
instances is thus still presumptive.

In this context, NAA techniques such as polymerase chain
reaction have a distinct advantage, as they (i) have the potential
to directly detect Mycobacterium tuberculosis in the pleural
fluid, and (ii) yield results in about 8 hours only. The flip side
is that these tests are associated with considerable additional
expense (predominantly laboratory costs for infrastructure,
staff and reagents) and technical time. These techniques have
been used earlier with some success in other forms of tubercu-
losis, including smear-negative pulmonary tuberculosis and
meningeal disease.5,6 Several commercial testing kits are already
available. Few reports are available on the role of NAA tests in
diagnosing pleural tuberculosis, and Pai et al. provide an
excellent summary of the available data in this regard. Their
systematic review and meta-analysis include 40 studies from 38
articles reporting both the sensitivity and specificity of the tests
against a reference standard in at least 10 pleural fluid samples.
The results were pooled to generate overall estimates of sensi-
tivity, specificity and likelihood ratios using a random effects
model. The overall discrimination of the tests in diagnosis was
modelled using an SROC curve.

The authors have placed a great deal of emphasis on the
differences between the performance characteristics of the com-
mercially available (14 studies) and ‘in-house’ (26 studies) NAA
tests. Commercially available NAA tests are being used to test
non-respiratory specimens (including pleural fluid). However, the
manufacturers of these kits do not provide any assurance of
performance for this purpose, nor are there any standardized
procedures for processing such specimens. Pleural fluid also
contains substances that inhibit amplification with the commer-
cial assays and, therefore, should not be tested by this method
unless the samples are first washed extensively to remove the
inhibitors. Almost all studies using commercially available kits
evaluated in this review reported high sensitivity values close to
100%. In contrast, the diagnostic accuracy of the ‘in-house’ tests
was highly variable. Previous studies have also reported that
commercial kits yield better results than home-brewed attempts.7
The differences in performance of these two types of tests are
probably related to the extensive refinement in the protocol for
performing the actual tests using commercial kits (during their
development for commercial use), rather than to the actual nucleic
acid sequence being amplified. It is, therefore, likely that as more
work is carried out using the ‘in-house’ sequences, the perfor-
mance of NAA tests will improve.
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Although the paper summarizes the performance of NAA
tests in the diagnosis of tuberculous pleural effusion, the
analysis still has limitations and fails to answer some key
questions regarding their clinical utility. First, only complete
studies in English or Spanish were included. Non-inclusion of
abstracts, records of attempted studies and non-English or -
Spanish language studies may have led to a publication bias,
as well as an inflation of accuracy estimates due to the prefer-
ential acceptance of studies reporting more favourable results.
Second, test performance, even when the same DNA primer and
protocol are used, varies across laboratories, and it is difficult
to reliably quantify the utility of a given protocol. In fact, such
variability clearly stands out from the results provided in this
paper for the standard commercially available tests. Also, as the
authors themselves point out, the studies included in this meta-
analysis do not provide information either on the role of NAA
techniques in a routine clinical diagnostic algorithm, or on the
incremental information gained from the investigation when
used in conjunction with other laboratory investigations. The
sensitivity of NAA tests in most instances is comparable to
other methods used for investigating these patients, while the
specificity, though high, does not match the 100% figure
usually attributed to mycobacterial culture. In addition, several
studies included for the analysis had a case–control design
using strict criteria (such as a positive microbiological diagno-
sis) to define patients with tuberculous pleural effusion. Such
designs have obvious limitations. For one, such studies place
cases and controls in distinct compartments, without an inter-
vening ‘grey area’ so common in clinical practice. Also, it is well
known that a positive result on NAA tests is linked to the
mycobacterial load in the clinical sample studied, and pleural
fluid samples labelled as ‘tuberculous’ based on the detection
of mycobacteria on smear and/or culture are likely to have
higher concentrations of mycobacterial nucleic acid in the
sample. Although theoretically requiring the presence of merely
one microorganism in the amplified specimen, NAA tests often
fail to detect tuberculosis in paucibacillary specimens. Both
these factors may have improved the overall performance of the
test beyond a level that is expected in routine clinical practice
or a prospective study.

The review also includes 5 studies from India, judged to be of
medium or high quality.8–12 Except for one report having only 4
pleural fluid samples, all studies had 20 or more patients with
tuberculous pleural effusion. The sensitivity varied from 0.25 to
1.0, and specificity from 0.7 to 1.0. All these studies had employed
locally developed protocols, and perhaps more data are needed,
both from pleural specimens and other clinical samples, before the
utility of these tests can be ascertained for Indian patients.

So what do these results tell us? The studies included in this
review had variable quality and methodology. Even if a meta-
analysis cannot compensate for the poor quality of primary stud-
ies, these estimates of test performance are perhaps a more
accurate guide for the clinician than are the results of any one of
the primary studies. In a nutshell, the variable, and often low,
sensitivity means that a negative test result cannot rule out a
diagnosis of tuberculous pleural effusion. The high specificity,
often approaching 1.0, means that a positive NAA test will, in
most instances, indicate a truly positive diagnosis. However,
there are still concerns regarding false-positive results due to
laboratory contamination (‘carry-over’ phenomenon). NAA
tests can also be positive with negative cultures. A positive
culture requires that the organisms are viable and can replicate;

NAA tests require only the presence of nucleic acids from
viable, injured or dead organisms. Most authorities will, there-
fore, still hesitate to treat a positive result as a gold standard for
diagnostic or research purposes. The clinician, therefore, has
to fall back on Bayesian principles and examine the results in the
context of the clinical data and results of other investigations.
The interpretation of the NAA test results will be different in the
Indian scenario, where tuberculosis is probably the commonest
cause of an exudative pleural effusion, from that in the West,
where tuberculosis is a distinctly uncommon aetiology of
pleural effusion. In a high probability setting (such as popula-
tions with a high prevalence of tuberculosis and in the face of
supportive data from other investigations), a positive result
from even a moderately performing test may raise the clinical
probability of tuberculosis to a sufficiently high level, warrant-
ing initiation of antitubercular therapy without further investi-
gations. On the other hand, if the NAA test yields a negative
result, there still exists a reasonable clinical probability of tuber-
culosis.

Clearly then, NAA techniques should be treated as an impor-
tant investigational tool among the battery of tests available for
evaluating patients with suspected tuberculous pleural effusion.
Given the high cost of the test and its limited availability, it
certainly should not be used as an initial investigation. There is no
convincing evidence that NAA tests perform substantially better
as compared to other laboratory investigations, especially in
patients with culture-negative disease. As with all other investiga-
tions, both positive and negative results need to be interpreted with
reference to the likelihood of tuberculosis based on the clinical
details and results of other investigations. With the recent devel-
opment of automated and efficient testing protocols, NAA tech-
niques may be assigned an increasing role in the diagnosis of
tuberculous pleural effusion, but further standardizations are
needed.
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