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Using a whole-blood interferon-c assay to improve

diagnosis of tuberculous pleural effusion
To the Editors:

Tuberculous pleural effusion (TBPE) is treatable and curable,
and hence it is important to establish the diagnosis and initiate
treatment early. However, its diagnosis is not straightforward
and depends on the demonstration of Mycobacterium tubercu-
losis in the pleural fluid or pleural biopsy specimen, or
demonstration of caseating granulomas in the pleura. Due to
the paucibacillary nature of this condition, sensitivity of
pleural fluid smear for acid-fast bacilli is very low (0–1%) [1].
Culture is relatively sensitive (12–50%) [2], but is time-
consuming and requires standardised laboratories. The sensi-
tivity of pleural biopsy ranges 39–80% [1, 3, 4] but this
technique is invasive.

Current diagnostic options have several merits as well as
limitations. Although no single test from the available battery
may be completely accurate, an optimum combination of some
of these tests may improve the diagnostic information [5–7].
We conducted this study to identify such a combination of
tests for accurate diagnosis of TBPE. Specifically, we addressed
two research questions. 1) What is the comparative diagnostic
accuracy of the following five tests for the diagnosis of TBPE:
the whole blood QuantiFERON1-TB Gold In-Tube assay (QFT-
GIT) (Cellestis Ltd, Carnegie, Australia), adenosine deaminase
(ADA) in pleural fluid, tuberculin sensitivity test (TST), PCR
for mycobacteria and the lymphocyte/neutrophil ratio (L/N
ratio) in pleural fluid? 2) Which strategy used to combine the
results from these five tests can be most accurate in the
diagnosis of TBPE?

This study included 151 consecutive patients (102 in the
development sample and 49 in the validation sample) with
exudative pleural effusion (defined using Light’s criteria [8])
presenting at the Dept of Tuberculosis and Respiratory
Diseases (Ganesh Shankar Vidyarthi Memorial Medical
College (GSVMMC), Kanpur, India) between January 2006
and February 2007. Exclusion criteria were: age ,18 yrs,
pregnancy, positive HIV serology, on immunosuppressive
treatment and previous history of anti-tuberculosis (TB)
treatment. Median (interquartile range) age of the patients in
the development sample was 47.5 (12) yrs; in the validation
sample, it was 42 (23) yrs. The development and validation
samples comprised 70.6% and 83.7% males, respectively.
Detailed socio-demographic and clinical characteristics of the
study subjects are provided in the online supplementary
material. Informed consent was obtained from all the patients.
The study was approved by the Ethics Committee, GSVMMC.

There were two main study groups in the development sample
(fig. 1), TBPE and non-TBPE. The TBPE group included two
categories of subjects. 1) Confirmed TBPE. Pleural fluid culture
positive for M. tuberculosis and/or pleural biopsy histology
showing a caseating granuloma. 2) Probable TBPE.
Predominantly lymphocytic exudative pleural effusion with
one of the following: pleural biopsy showing a chronic
granulomatous inflammation without caseation; response to
anti-TB treatment; or sputum culture positive for M. tubercu-
losis. These patients were classified as probable TBPE because
granuloma without caseation can occur in conditions other
than TB [9]. The non-TBPE group included two subgroups. 1)
Other pleural effusion. Aetiology different from TB established
by cytologic or histologic evaluation. 2) Undetermined pleural
effusion. Pleural effusion that, by all conventional diagnostic
methods, was of undetermined aetiology with no sign of active
TB in the following 6 months.

Pleural fluid studies included cytologic examination, Ziehl–
Neelsen staining, ADA activity determination, PCR for TB
bacilli and culture for M. tuberculosis. A pleural biopsy was also
performed and the specimen was submitted for histopatholo-
gic examination. The QFT-GIT assay was conducted on 1 mL
of venous blood incubated at 37uC for 16–24 h. TST was
considered positive if the size of the skin induration after
5 tuberculin units of RT-23 purified protein derivative (PPD)
exceeded 10 mm after 72 h [10]. HIV testing was performed
using ELISA. To identify a combination that would most
parsimoniously and accurately classify the study subjects into
TBPE and non-TBPE we used the classification and regression
tree (CART) analysis (see supplementary material).

To directly compare the five tests with different outcome
metrics, we first used receiver operating characteristic (ROC)
curve analyses to dichotomise the results of continuous tests
based on an optimum cut-off point. The area under the ROC
curve for QFT-GIT and ADA was comparable and quite high
(0.91 and 0.93, respectively), while that for L/N ratio was less
(0.71). ROC analysis identified the optimum cut-off points for
QFT-GIT, ADA and L/N ratio as 0.38 IU?mL-1, 38 U?L-1 and
3.0, respectively. The comparative performances for the five
tests are shown in figure 1 and table 2 of the supplementary
material. QFT-GIT and ADA had high sensitivity and
specificity, L/N ratio had high sensitivity but poor specificity,
PCR had high specificity and low sensitivity, while TST had, in
general, lower sensitivity and specificity. The highest like-
lihood ratio of a positive test (LR+) was observed for PCR
followed by QFT-GIT and ADA but the latter two tests also
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had the lowest likelihood ratio of a negative test (LR-). In
contrast, L/N ratio and TST had poor discriminatory capacity
as indicated by small LR+ and high LR- values.

In the CART analyses, we observed (fig. 1) that the pruned final
tree contained three intermediate and five terminal nodes. In
this tree, the first binary split was observed based on QFT-GIT
test results, at a cut-off of 0.38 IU?mL-1 based on the ROC
analysis. The tree suggested that the diagnosis of TBPE can be
considered for one of the following scenarios: 1) low IFN-c
production (,0.38 IU?mL-1), age ,49 yrs and high L/N ratio
(o1.657); or 2) high IFN-c production (o0.38 IU?mL-1) and

moderately raised L/N ratio (o0.369). The LR for diagnoses of
TBPE in these two scenarios was 1.65 and 22.0, respectively, and
indicated that different cut-off values for the L/N ratio may be
required to diagnose TBPE based on the result of the QFT-GIT.
We evaluated the diagnostic performance in three subsets in the
development sample as shown in figure 1. In all three subsets
the sensitivity of the tree was 100% and specificity was at least
90%. We refer to this tree as tree A hereafter.

Interestingly, tree A excluded ADA. We reasoned that this
might be due to the identical diagnostic performance of QFT-
GIT and ADA in our dataset. To consider this possibility and

QFT-GIT
<0.38

QFT-GIT
≥0.38

Age 
<49 yrs

Age
≥49 yrs

L/N ratio
<0.361

L/N ratio
≥0.361

L/N ratio
<1.657

0.00

OutcomeDecision rulea) b)

c) d)

LR

1.65

0.00

0.00

22.0

L/N ratio
≥1.657

ADA
<38

ADA
≥38

Age 
<52 yrs

Subjects
recruited
n=102

Age
≥52 yrs

L/N ratio
<0.369

L/N ratio
≥0.369

L/N ratio
<2.577

0.00

OutcomeDecision rule LR Tree A
80% 100% 80% 100%

Tree B

2.24

0.00

0.00

17.4

L/N ratio
≥2.577

TBPE

n=52

Definite
TBPE
n=38

Culture+
Pl Bx +
n=10

Culture+
Pl Bx -

n=8

Culture-
Pl Bx +
n=20

Undetermined
aetiology

n=6

Probable
TBPE
n=14

Malignancy

n=26

Parapneumonic
effusion

n=15

Rest#

n=3

Non-TBPE

n=50

All subjects,
development sample

Excluding probable TB,
development sample

Excluding undetermined,
development sample

All subjects,
validation sample

Excluding probable TB,
validation sample

FIGURE 1. a) Characteristics of the study subjects. b) Results of the classification and regression tree (CART) analysis based on all five tests. The pruned final tree is shown

as a series of nodal splits with the respective decision rules. The terminal nodes are shown as hexagons classified either as tuberculosis pleural effusion (TBPE; &) or non-TBPE

(&). Shown alongside each terminal node is the corresponding likelihood ratio (LR) for the diagnosis of TBPE. c) Results of CART analysis based on all tests except

QuantiFERON1-TB Gold In-Tube assay (QFT-GIT). d) Diagnostic performance of (b) and (c) in different subsets of the development and validation samples. In the development

sample the diagnostic performance was evaluated in three scenarios: all subjects, subjects with probable TBPE excluded and subjects with undetermined TBPE excluded. In the

validation sample, two scenarios were studied: all subjects and those excluding the probable TBPE. The bars show the sensitivity (&) and specificity (h) for correct classification

of study subjects. Pl Bx: pleural biopsy. L/N: lymphocyte/neutrophil. ADA: adenosine deaminase. #: Two subjects with rheumatoid and one with uraemic aetiology.
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also for the practical reason that many health centres are
unlikely to possess the facilities needed to conduct the QFT-
GIT test, we repeated the CART analysis by excluding the
QFT-GIT. We observed that the resulting tree was very similar
to the tree A (fig. 1). Notably, the initial binary split was
obtained based on ADA using a cut-off that was the same as
that identified by the ROC analysis. This tree (referred
hereafter to as tree B) suggested that the diagnosis of TBPE
can be considered for one of the following two scenarios: 1)
ADA ,38 U?L-1, age ,52 yrs, and L/N ratio o2.577 (LR 2.24);
or 2) ADA o38 U?L-1 and L/N ratio o0.369 (LR 17.4). In
different subsets of the development sample the diagnostic
performance of trees A and B was on par (fig. 1).

Lastly, to ensure that our results from the development sample
were not an artefact of data over-fitting, and also to examine
the generalisability of our findings, we sought to determine
whether the decision trees generated by CART algorithm could
be used as a diagnostic aid in a separate sample of pleural
effusion cases. The characteristics of the validation sample are
described in the online supplementary material. Lack of
financial support prevented us from conducting any more
QFT-GIT tests and hence only tree B was used in the validation
sample. In all subsets studied, tree B had 100% sensitivity and
o87.5% specificity. These findings indicate that the tree
generated from the development sample could be successfully
applied to the validation data set, thereby substantiating the
utility of this approach in clinical practice. For example, it is
recommended that lymphocytic preponderance combined with
a pleural ADA level exceeding 40 U?L-1 is highly indicative of
TB [8]. Our findings, however, indicate that if pleural ADA
levels are increased, then relatively small increases in the L/N
ratio may be sufficient for diagnosis of TBPE. In addition, our
data point towards the importance of age in the diagnosis of
TBPE in a developing country like India, where prevalence of
TB is high. Most importantly, our study highlights the clinical
utility of using a novel statistical tool (the CART algorithm) for
the diagnosis of TBPE by combining the information content of
available diagnostic options.

There are two additional key findings of our study. First, QFT-
GIT and ADA had equivalent and high diagnostic accuracy for
TBPE compared to other tests, as observed by others [7, 11].
This is important from a public health viewpoint as the QFT-
GIT may not be available or affordable at many healthcare
settings in developing countries. Secondly, and more impor-
tantly, we demonstrate that the TBPE test results can be
combined for an improved diagnostic performance in line with
a recent elegant review that identified the need for continued
efforts for simple approaches to diagnosis of TBPE in the
settings of high prevalence and low resources [12].

Studies of a similar nature, especially from areas with a low TB
incidence, will be needed to endorse the generalisability of the
diagnostic combinations and cut-offs identified herein. It is
also unknown whether combination of the currently available
and inexpensive biomarkers with INF-c assays based on the
pleural fluid [13, 14] can further increase the diagnostic
accuracy, and this will require additional studies.
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