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ABSTRACT:

Background: The clinical utility of antigen-specific IFN-y-release-assays
(IGRASs), using pleural mononuclear cells, for the diagnosis of TB requires
clarification.

Objective/methods: \We compared the diagnostic utility of unstimulated pleural
IFN-y levels to several pleural antigen-specific T-cell IGRAs [ESAT-6 and CFP-10
(T-SPOT.®TB, QuantiFERON®-TB Gold-In-Tube), PPD and HBHA] in 78 South
African tuberculosis suspects. Test results were compared against a clinical
score and a reference standard.

Results: Of 74 evaluable subjects 48, 7 and 19 had definite, probable and no
TB, respectively. 11/74 (15%) of pleural samples [9/ 48 (19%) of the definite TB
cases] had total cell counts that were inadequate for T-cell processing. In the
remaining 63 samples the [sensitivity; specificity; PPV; NPV %] of different
diagnostic methods were: maximal bio-clinical score [54; 89; 92; 43], T-
SPOT.®TB [86; 60; 84; 64], QuantiFERON®-TB Gold-In-Tube [57; 80; 87; 44],
HBHA-specific IGRA [59; 31; 64; 27], PPD-specific IGRA [81; 40; 76; 46] and
pleural fluid unstimulated IFN-y [97; 100; 100; 94].

Conclusion: Unstimulated IFN-y was the most accurate test to distinguish TB
from non-TB effusions in a high burden setting. The antigen-specific T-cell IFN-y
release assays were limited by sub-optimal accuracy and the inability to isolate

sufficient mononuclear cells to perform the assay.



Pleural effusions are common in clinical practice in developing countries and
have various aetiologies including tuberculosis (TB). Annually, over half a million
cases of tuberculosis-related pleural effusions (TB-PE) occur worldwide [1].
Tuberculosis is out of control in Africa and accounts for a significant proportion of
pleural effusions in this setting [2]; thus making an accurate diagnosis becomes
essential. Smear and culture of the pleural fluid is helpful in a minority (~30%) of
cases [3]. Currently, testing for adenosine-deaminase (ADA), a biomarker for TB,
is used in several laboratories but this facility is not widely available in high
burden developing countries and it is not specific for TB [3, 4]. Closed pleural
biopsy has a good yield (approximately 80 %) but it is less sensitive, invasive,
relatively expensive, and may be associated with complications [3].
Consequently, empiric anti-TB treatment is often administered. There is a need
for alternative, rapid and less invasive, methods to diagnose TB-PEs, especially
in developing countries. Recently, candidate biomarkers IP-10 (IFN-y-inducible-
10kDa protein, a Th-1 associated chemokine) [5], and unstimulated IFN-y levels
[6] have shown promise. The latter has shown good discriminatory value in
intermediate and low burden settings [6]. However, data about the utility and
performance outcome of pleural fluid unstimulated IFN-y levels in a high TB

prevalence setting is limited.

More recently peripheral blood quantitative RD-1 antigen-specific (ESAT-6 and
CFP-10) T lymphocyte responses have become established as sensitive, specific

and rapid immunodiagnostic tests for TB infection [7-9]. However, they cannot



distinguish latent infection from active disease [8]. By contrast, at the site of
active pleural [10] or pulmonary [11, 12] disease the frequency of clonally
expanded antigen-specific T-cells is over 10-fold higher than peripheral blood
and should theoretically not be present in non-TB pleural effusions. We therefore
hypothesized that TB antigen-specific responses could distinguish active pleural
TB from alternative diagnoses and should have better discriminatory value than
unstimulated IFN-y, a non-specific biomarker of inflammation. A recent case-
control study from Europe showed a high diagnostic accuracy with the T-
SPOT.®TB (Oxford Immunotec, Abingdon, UK) assay [13] but overall data on the
utility of two known Interferon-gamma response assays (IGRAs), T-SPOT.®TB
and QuantiFERON® TB-Gold-In-Tube (Cellestis, Carnegie, Victoria, Australia),
(QFT-TB-GIT), including a head-to-head comparison, for the diagnosis of TB-PE
are limited [13-16]. There are several other unresolved questions including the
optimal cell number and pleural fluid volume required, optimal cut-point and utility
in high HIV-prevalence settings [17]. Other novel antigens like heparin-binding-
haemagglutinin (HBHA), shown to be discriminatory in peripheral blood [18, 19],

have hitherto not been evaluated using pleural fluid lymphocytes.

In this study the main aim was to evaluate the diagnostic utility, in clinical
practice, of several different IGRAs using pleural fluid T cells in a high burden TB
and HIV setting. We prospectively studied the comparative performance
outcomes of unstimulated pleural IFN-y levels against four antigen-specific

IGRASs, including a head-to-head comparison between the T-SPOT.®TB and



QFT-TB-GIT, using pleural fluid mononuclear cells . Comparative peripheral

blood responses were also evaluated.

Methods

Patient recruitment, characterization and routine laboratory tests

Study approval was obtained from the University of Cape Town Health Sciences
Faculty research ethics committee. After obtaining informed consent, and
counselling, seventy-eight consecutive patients with clinically suspected TB
pleural effusion were prospectively recruited at the Groote Schuur, Somerset and
Victoria hospitals in Cape Town, South Africa over a 12 month period (ending 30
April 2008). All patients had a history taken and physical examination performed,
routine investigations including testing for HIV infection, chest x-ray,
microbiological sputum examination whenever possible, and aspiration of
approximately 20 ml of pleural fluid (or closest obtainable volume) for
biochemical, cytological, and detailed microbiological evaluation. Four patients
were excluded from further analysis (see figure 1 for details including summary of
recruitment), and thus 74 patients contributed evaluable samples. For accurate
characterization of disease multiple closed pleural biopsies were undertaken.
Although offered, in 16 patients biopsies were not performed either because of
patient refusal, a contra-indication or a positive culture of fluid, or histology, from

another site prior to attempted pleural biopsy.



The reference standard used for diagnosis of TB was culture positivity for M.
tuberculosis (using pleural fluid or tissue) and/ or histology suggestive of
tuberculosis (caseous necrosis with acid fast bacilli with or without granuloma
formation). Patients were thus characterized as (i) definite TB (meeting the
reference standard), (ii) non-TB (no microbiological or histological evidence for
TB, alternative diagnosis made, not treated for TB and did not develop TB over 6
month follow up) and (iii) probable TB (empiric anti-TB treatment but not meeting
the criteria for definite TB). The definite and non-TB groups were used for
sensitivity and specificity calculations. All assays were performed by an

experienced laboratory technician who was blinded to patient and clinical details.

Antigen-specific interferon-y release assays

Four different IGRAs were evaluated. (a) IFN-y ELISPOT responses to ESAT-6/
CFP-10 peptide pools were performed according to manufacturer’s instructions
(T-SPOT.®TB); using peripheral blood (250 000 cells/well) and pleural
mononuclear cells (200 000 cells/well) and enumerated using an ELISPOT
reader. Data from 9 patients showed that 2 x 10° cells per well produced optimal
IFN-y responses compared to 1 x 10° cells per well (149 vs. 39 SFCs; p= 0.002
for ESAT-6 and 108 vs. 36 SFCs for CFP-10; p= 0.01). Using 4 x 10° cells per
well did not significantly increase the spot counts. (b) IFN-y responses using the
QFT-TB-GIT assay were performed using 1 ml of blood and 1 x 10° pleural
mononuclear cells re-suspended in 1ml of serum free medium in each tube.

Data from 6 patients showed that antigen-specific responses were significantly



higher when using at least 1 x 10° vs. 1 x 10° pleural mononuclear cells per tube
(2.53 vs. 0.026 IU/ml; p= 0.008); suspension of pleural cells in smaller volumes
(0.25 and 0.5ml) had no effect on measured IFN-y concentrations. (c) IFN-y
ELISPOT responses to HBHA were performed using IFN-y pre-coated ELISPOT
plates (Mabtech, Sweden). Dose response experiments revealed that optimum
IFN-y secretion occurred at a HBHA dose of 100ug/ ml using peripheral
mononuclear cells. Methylated HBHA antigen was produced in cultures of
Mycobacterium smegmatis 3.38 as previously described [20]. (d) IFN-y
ELISPOT responses to PPD (100ug/ml; Staten Serum Institute, Denmark) were
performed using IFN-y pre-coated ELISPOT plates. All assays were incubated for

16 to 20 hours.

Measurement of unstimulated IFN-y

IFN-y concentrations were measured in the unstimulated pleural fluid supernatant

using the QFT ELISA kit.

Statistical analysis

Categorical variables and continuous variables were compared using the
appropriate parametric and non-parametric tests. McNemar x° test was used
compare sensitivities and specificities of the different diagnostic tests [21]. To
ascertain the relative value of newer tests in a high burden setting, a regression
model was used to develop a bio-clinical score [22] appropriate for a resource

poor setting. Thus, to ascertain the relative value of newer tests in a high burden



setting, regression models were fitted to identify variables independently
associated with risk of tuberculosis, taking into account findings from the history,
physical examination and pleural fluid biochemical data (the variables considered
in the analysis included age, race, smoking and HIV status, history of previous
TB, cell counts and pleural fluid protein level). Multi-colinearity was assessed,
and variables contributing to the best fit of the final model, or most cost-effective
and widely available in our setting, were retained in the final model. The final bio-
clinical scoring rule was developed by assigning a relative score or points to each
of the variables included in the final multivariate model. Reporting of the study
was done using the Standards for Reporting of Diagnostic Accuracy (STARD)

template [23].

Results

Clinical, demographic data and biochemical data

There were 48, 19 and 7 patients with definite, non-TB and probable TB,
respectively. Smear, pleural fluid culture, and biopsy (tissue culture and
histology) were positive in 1, 27 and 41 of the 48 definite TB cases, respectively,
and by definition, in none of the non-TB cases. None of the probable TB cases
were culture or biopsy positive but all were treated empirically for TB based on
clinical suspicion. Effusions in the non-TB group were due to several causes (2
lymphoma, 2 myeloproliferative disorders, 9 adeno or small cell carcinoma, 3
parapneumonic, and 3 due to other causes). Twenty one percent (16/74) of

patients did not have a pleural biopsy (refused by 4 patients, contra-indicated in 2



patients, 1 in whom a liver biopsy was done, and 9 in whom the culture result
was positive prior to a biopsy being done [6 sputum culture positive and 3 pleural
fluid culture positive]). Of all subjects in the study cohort tested for HIV, 46.4%
(26/56) were HIV positive. Clinical, demographic and biochemical data are
summarized in table 1 (n= 67 with definite or non-TB groups from which

sensitivities and specificities were calculated).

In the final multivariate logistic regression model, only age (< 42 years), [odds
ratio (OR) = 3.89, 95% CI 1.01-14.90, p=0.04] and pleural fluid protein levels (>
53 g/L) [OR = 3.59, 95% CI 1.02-12.56, p=0.04) were independently associated
with the risk of tuberculosis. These variables, when incorporated into a bio-
clinical score, had a maximal sensitivity and specificity of 54 and 89%,

respectively (table 2).

The median (25™; 75" percentiles) pleural fluid cell count was 1.75 x 10° cells/ml
(1.03; 5.45 x 10° cells/ml) and the median volume of fluid obtained was 20 ml
(10; 25 ml). The pleural fluid ADA had a sensitivity and specificity of 96 and 69%,
respectively, for the diagnosis of TB and further details are published elsewhere

[24].

Performance outcomes of pleural fluid unstimulated IFN-y

The median values for unstimulated IFN-y were significantly higher in TB vs. non-

TB effusions (10.95 vs. 0.105 IU/ml; p<0.001). At a receiver operating curve



(ROC) derived cut-point of 0.31 IU/ml the sensitivity, specificity, PPV and NPV
(95% CiI) of unstimulated IFN-y was 97% (85-99); 100% (81-100); 100% (90-100)
and 94% (73- 99), respectively. Accuracy was 98% (90-100) and area under the
ROC was 0.99. A scatter-plot and area under the ROC of unstimulated IFN-y
levels in pleural fluid are shown in figure 2. When probable and definite TB cases

were grouped together the sensitivity of the assay was 98%.

Performance outcome of pleural vs. peripheral blood T-SPOT.®TB and QFT-TB-

GIT

Pleural T-cell assays could only be performed in 63 of the 74 (85%) patients
because inadequate cell numbers were isolated from 11 patients during the
pleural fluid processing stage (median cell count in this group was 1.3 x 10*
cells/ml and the median volume of pleural fluid received was 14 ml). Of these 11
patients 9 had definite TB and thus 9/ 48 (19%) of the definite TB cases were
unsuitable for T cell processing. This left 63 evaluable patients where a T cell

assay had been performed on the pleural fluid.

The performance outcomes of both commercial IGRA assays (T-SPOT.®TB and
QFT-TB- GIT) for pleural fluid (using mononuclear cells for both assays) and
whole blood are shown in table 3. Of the 7 probable TB cases (data not shown),
2 and 3 had a positive pleural T-SPOT.®TB and QFT-TB- GIT results,

respectively. The scatter-plot for the pleural T-SPOT.®TB and pleural
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mononuclear cell-derived QFT-TB-GIT assays, including area under the ROC
curve, are shown in figure 3A and B. In summary, the pleural T-SPOT.®TB
assay, compared to the pleural mononuclear cell-derived QFT-TB-GIT assay,
had a better sensitivity (80% vs. 51%; p= 0.002, McNemar Chi squared test) but

poorer specificity (65% vs. 94%) and PPV (83% vs. 95%).

In an attempt to improve the specificity of the assay, we corrected pleural
antigen-specific T-cell responses for peripheral antigen-specific T-cell counts
(pleural RD1 spot count/ peripheral spot count ratio). This ratio, although higher
in TB vs. non-TB patients (6.56 vs. 2.37) was not significant (p= 0.11). Based on
the ROC (area under the ROC curve = 0.68) the optimal ratio cut-point was 3.9
for ESAT-6-specific responses which produced a sensitivity of 64% and

specificity of 75%, and was thus not discriminatory.

Sixty three participants had a least one pleural T-cell assay and their outcome
categorization by disease status is shown in table 4A. There was no difference in
the number of indeterminate results using the QFT-TB-GIT pleural mononuclear
cell-derived assay compared to the pleural T-SPOT.®TB assay (4/60 vs. 6/61; p=
0.40, Fisher exact). A head-to-head comparison of 53 paired pleural T-SPOT.®TB
and QFT-TB GIT assays, in TB and non-TB subjects, is shown in table 4B.

There was modest agreement between the pleural RD-1 assays (56 and 53% in
TB vs. non-TB patients, respectively). Inter-assay concordance was poor (table

4B; kappa=0.21). When probable and definite TB cases were grouped together
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the sensitivity of assays remained unchanged (85 and 81% vs. 53 and 50%,
respectively, for the two T-SPOT.®TB and QFT-TB GIT cut-points specified in

table 3).

Pleural HBHA and PPD ELISPOT responses

The performance outcomes of HBHA and PPD-driven ELISPOT responses,
using pleural mononuclear calls, is in shown in table 3, whilst a scatter-plot of the
data together with area under the ROC is shown in figure 3C. In summary both

antigens had poor discriminatory value when using pleural mononuclear cells.

Pleural fluid interferon gamma responses did not differ significantly in HIV-

infected and HIV un-infected patients, respectively [unstimulated IFN-y median
(range) 10.87 (0.7-20.1) vs. 12.4 (0.1-20.1) IU/ml; QFT-GIT 1.64 (0.0-13.2) vs.
0.74 (0.0-14.0) IU/ml; ESAT-6 292 (0-1250) vs. 420 (0-1250) SFC/million cells;

CFP-10 182 (0-1250) vs. 397 (0-1250) SFC/million cells].

Discussion

In this study we prospectively evaluated the clinical diagnostic utility of four
different IGRAs (RD-1 ELISPOT, RD-1 ELISA, HBHA and PPD ELISPOT) using
pleural fluid mononuclear cells, which were compared against pleural fluid
unstimulated IFN-y levels, in South African patients suspected to have TB. A
comparative study of the different RD-1 IGRAs, and evaluation of HBHA

responses, has not hitherto been undertaken using pleural fluid lymphocytes. The
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IGRAs, which are technically more demanding and expensive, performed sub-
optimally and, at best, missed 15% of TB cases and incorrectly diagnosed a
further 20%. By contrast, unstimulated IFN-y levels in pleural fluid distinguished,
with a high level of accuracy, between tuberculosis and non-TB effusions. The
excellent outcomes with IFN-outcomes are borne out by several other studies
from geographical areas outside Africa (Asia, Europe and South America), which
has been summarized in a recent meta-analysis, where the pooled sensitivity and
specificity of IFN-y in unstimulated pleural fluid was 89% and 97%, respectively
(individual studies and their outcomes are outlined in the meta-analysis [6]). We
confirm this finding in African HIV co-infected subjects. Collectively, these data
suggest that a point of care test incorporating IFN-y testing holds promise for the
diagnosis of TB-PE in a high burden setting. This approach however does not
allow determination of drug-susceptibility status and hence microbiological
investigation in appropriate patients may still be required. Thus, IFN-y levels
cannot necessarily replace culture of M. tuberculosis, but could be used as an
adjunctive test to make rapid diagnosis, and possibly reduce the need for further

investigations to exclude other causes of the pleural effusion.

Two recent preliminary studies from low burden countries (Europe and Japan)
suggested that RD-1-based commercial IGRA assays, using pleural mononuclear
cells, appear promising as diagnostic tools for TB-PE [13, 14]. In the last several
months two case-control studies from high burden countries (South Africa), and

using QFT-GIT, have been published [15, 16]. Both showed that the QFT-TB-GIT
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assay had sub-optimal sensitivity (27% and 57%, respectively). However, the T-
SPOT.®TB test, thought to be more sensitive [7], was not evaluated in these
studies. Furthermore, details about optimization and rationale of laboratory
protocols are unclear, the total cell number in the QFT-TB-GIT assay was not
controlled for, and pleural biopsy was not undertaken or limited at the discretion
of the operator, thus limiting the accuracy of patient categorization. In the current
study preliminary experiments were performed to determine optimal cell number
and antigen concentration, pleural biopsy was performed unless refused or

contra-indicated, and both RD-1 commercial platforms were evaluated.

Overall, the T-SPOT.®TB assay was more sensitive than the QF T-TB-GIT assay
in keeping with similar observations in peripheral blood [7], presumably because
ELISPOT is generally regarded a more sensitive technique [9]. Although the
QFT-TB-GIT had a high PPV it missed almost half the TB cases. By contrast,
using pleural fluid unstimulated IFN-y levels, a non-specific Th1 marker of
inflammation, achieved a higher PPV. Thus, the specificity of IGRAs was sub-
optimal despite the use of TB-specific antigens. How do we explain these
results? One possibility is the translocation of blood RD-1-specific T cells,
through an inflamed or ‘leaky’ pleura, in subjects with non-TB pleuritis (no active
TB) who had a concomitant high frequency of peripheral antigen-specific T cells
and hence LTBI (6/7 non-TB patients who had a higher than expected frequency
of antigen-specific T cells in the pleural space, also had a high frequency of

peripheral antigen-specific T cells, and hence LTBI). We hypothesise that the

14



ELISPOT was more prone to this effect because it is a more sensitive technique.
Alternative explanations for the poor specificity include transient exposure to M.
tuberculosis, organisms in a state of non-replicating persistence in the pleural
space, or dual pathology (active TB and malignancy), though on follow-up (6 to
12 months), we detected no clinical evidence of TB in those with alternative
diagnoses. Compensating for the frequency of peripheral antigen-specific T cells
or the total pleural mononuclear cells (pleural RD1 spot count/ peripheral spot
count ratio) did not significantly improve the specificity of the assay (thus, we
reasoned that in cases of active pleural TB there would be a greater proportion of
antigens-specific cells and hence a high ratio, and in cases of LTBI there would
be fewer such cells and hence the ratio would be low). Adjustment of the cut-

point improved the specificity but compromised on the sensitivity.

By contrast the unstimulated pleural fluid IFN-y was highly sensitive and specific
for pleural TB. This potent M. tb-driven compartment-specific Th1 response is not
characteristic of non-mycobacterial or tumour antigens. Thus, we believe, based
on the data presented here, and that of other investigators [6], that unstimulated
IFN-y should be used as a discriminatory diagnostic tool in clinical practice.
Further research is now required to develop user-friendly formats to measure

unstimulated IFN-y levels in pleural fluid.

The optimal cell number and pleural fluid volume required to perform pleural T

cell assays is unclear [17]. Hence, an additional aim of our study was to clarify
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this aspect. We show that obtaining adequate cell numbers to perform the IGRA
was an important practical limitation of the assay. In most cases less than less
than 10ml of pleural fluid was more than adequate for the required experiments.
However, in some cases, where effusions were fibrinous or loculated, a limited
volume of pleural fluid was obtainable (less than 20 ml), or the fluid was pauci-
cellular, thus limiting the number of cells that were isolated. Additional factors,
likely more frequent in high burden settings, that may have modulated the
number of viable cells obtained include: unequal distribution of cells in the pleural
fluid, cell loss during processing, lymphocyte-poor and neutrophil predominant
effusions, excessive debris and degenerating cells in complicated effusions, and
pauci-cellular pleural inflammation in HIV+ subjects (six of the eight patients with
inadequate cell numbers, who were tested, had advanced HIV disease). Thus,
for successful T cell assays to be performed it is crucial that adequate volumes of
pleural fluid are obtained. In contrast to previous reports [15], to enable precise
quantification of the number of cells being used in the assay we washed pleural
mononuclear cells and re-incubated them in serum free media. This had the
additional advantage of minimizing indeterminate results due to high readouts in
the negative control well/ tube. There was only modest inter-assay agreement/
concordance and this may reflect differences in the technique (ELISA vs.
ELISPQOT), cell numbers and antigen cocktails used (QFT-TB-GIT has an
additional peptide antigen, TB 7.7). For this study all samples were processed in

a category 3 containment laboratory. However, this may not always be possible
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in a resource-poor setting where safety precautions may be in line with local

policy and regulations.

To meaningfully evaluate the relative clinical value of newer and established
tests, we compared their utility to a simple bio-clinical score, generated through
regression analysis, and relevant to a resource-poor setting [25, 26]. We also
investigated the effect of HIV status on test performance outcomes. All tests

performed equally well in HIV+ and negative patients.

We also tested in the ELISPOT assay, a novel antigen, HBHA, a virulence factor
that mediates binding of M. tuberculosis to alveolar epithelial cells, and whose
antigenicity is dependent on methylation of the C-terminal domain, which is
absent from recombinant forms of HBHA [19]. HBHA-responses were recently
found to be a sensitive marker of TB infection [18, 27]. We therefore used M.
smegmatis electroporated with a plasmid vector to produce methylated M.tb
HBHA [20, 28, 29]. Human tuberculous pleural fluid was recently shown to
contain high titres of anti-HBHA antibody [30] but the utility of antigen-specific
HBHA responses for the diagnosis of TB-PE is unknown. We found generally
poor responses to methylated HBHA compared to the RD-1 antigens. The
reasons for this are unclear but may be related to the altered pleural fluid
regulatory T-cell profile [31] in TB-PE, which is known to attenuate HBHA

responses [32], and may underlie the proposed ability of this antigen to
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distinguish latent from active TB [18]. The differential effect of M. smegmatis vs.

M. tuberculosis methylated HBHA on IFN-y responses, if any, is unclear.

Investigator bias in our study was minimized through several steps that ensured
our study’s validity, including consecutive recruitment with universally applied and
pre-specified inclusion criteria, an experienced operator blinded to clinical details,
invasive procedures to ensure accurate classification of patient and control sub-
groups, and use of a pre-specified reference standard. However, our results are
probably generalisable only to high TB/HIV burden settings. Thus, further and
larger studies are required to evaluate whether outcomes are different in low
burden settings using the cut-points identified here, and the effect of HIV infection
on IFN-y-related pleural assays. The high background rate of LTBI and possible
transient infection are likely to have impacted heavily on the T cell assay results

in the non-TB group.

In conclusion, unstimulated IFN-y was the most accurate test to distinguish TB
from non-TB effusions in a high burden setting. In this well-categorized cohort of
unselected patients from a high burden setting the antigen-specific T-cell IGRAs
were limited by sub-optimal accuracy and the inability to isolate sufficient

mononuclear cells to perform the assay.
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Table 1. Baseline characteristics of the definite (n= 48) and non- tuberculosis (n=

19) patients. P-value: * t-test, TFisher exact test, ¥ x° test.

Characteristic Definite TB Non-TB P-value
n(%) n(%)

Age, Mean(SD) 37(14.4) 55.3(15.7) <0.0001

Sex 0.99*

Male 23(47.9) 9(47.4)

Female 25(52.1) 10(52.6)

Race: 0.03"

Black African 25(52.1) 4(21.1)

Mixed-race 23(47.9) 15(78.9)

HIV status 0.077

HIV + 22(45.8) 3(15.8))

HIV negative 16(33.3) 10(52.6)

Refused testing 10(20.8) 6(31.6)

History of previous TB 0.017

Yes 3(6.2) 6(31.6)

No 45(93.8) 13(68.3)

BCG status 0.447

Positive 17(35.4) 8(42.1)

Negative 19(37.6) 9(47.4)

Unknown 12(25.0) 2(10.5)

Current smoker 0.02*

Yes 11(22.9) 10(52.6)

No 37(77.1) 9(47.4)

Employment status 0.84

Employed 29(60.4) 12(63.2)

Unemployed 19(39.6) 7(36.8) _

Pleural Fluid, Mean(SD) 0.003

Protein (g/l) 58.9(15.7) 43.4(18.5)
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Table 2. Performance outcomes of a bio-clinical score for use in a high burden

setting. Age less than 42 years or pleural fluid protein level > 53 g/l scored 4

points each; thus a score of 0, 4 or 8 was possible. Sens= sensitivity %; Spec=

specificity %; PPV= positive predictive value; NPV= negative predictive value;

[95% confidence intervall.

Score Sens Spec PPV NPV accuracy
0 19 58 53 22 29

[10; 31] [36; 76] [31; 73] 12; 35] [20; 42]
4 81 58 82 55 74

[68; 89] [32; 76] [69; 91] 34; 78] [63; 83]
8 54 89 92 43 64

[40; 67] [68; 97] [77; 98] [29; 59] [62; 74]
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Table 3. Performance outcomes (95% Cl) of IFN-y release assays (T-SPOT®.TB,
QFT-TB GIT, and HBHA and PPD-specific responses) at different cut-points,
using pleural fluid mononuclear cells (3A) and peripheral blood (3B), in pleural TB
suspects. Sixty-one and 60 T-SPOT®.TB, QFT-TB GIT assays were performed,
respectively. * = manufacturer-derived cut-point for whole blood [= 24 spot
forming cells (SFCs) per million mononuclear cells, either in the ESAT-6 or CFP-
10 containing wells for T-SPOT®.TB, and = 0.35 |U/ml for QF T-GIT]; ** = AUC-
derived cut-point. Sens= sensitivity; Spec= specificity. n/a = not applicable (as
this is a dichotomized variable the AUC result cannot be calculated).
Comparative values for unstimulated IFN-y levels are shown in figure 2 and in the

results section.
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3A

RD1 antigen-specific IGRAs using pleural fluid

Cut-point Sens Spec PPV NPV Accuracy | AUC
T-SPOT.®TB | 224SFC* 86% 60% 84% 64% 78% n/a
(combined (71;94) | (36; 80) | (69; 92) | (39;84) | (65; 88)
RD-1 antigen)
>100 SFC** | 80% 65% 83% 61% 76%
(65;90) | (41; 83) | (67;92) | (39;80) | (62; 85)
T-SPOT.®TB | => 24 SFC* 86% 67% 86% 67% 80% 0.88
ESAT-6 (71;94) | (42;84) | (71;94) | (42;85) | (68;89)
>137 SFC** | 72% 93% 96% 58% 78%
(56;84) | (70;98) | (82;100) | (38;76) | (65;87)
T-SPOT.®TB | = 24 SFC* 78% 60% 82% 53% 73% 0.84
CFP-10 (62;88) | (36;80) | (66;92) |(31;73) | (59;83)
> 225 SFC** | 56% 93% 95% 47% 67%
(40;71) [ (70;99) | (77;99) |(30;64) | (53;78)
QFT TB GIT >0.351U/mlI* | 57% 80% 87% 44% 64% 0.80
(41;72) | (55;93) | (68;96) | (28-63) | (50-76)
>0.73 IU/mlI*™ | 51% 94% 95% 47% 65%
(36;67) | (72;94) | (75;99) | (31;64) | (51;76)
HBHA and PPD-specific IGRAs using pleural fluid
HBHA >17 SFC** 59% 31% 64% 27% 59% 0.51
stimulation (41;75) | (13;58) | (45;80) | (11;52) | (40;75)
>158 SFC** 22% 69% 60% 30% 38%
(11;41) | (31;83) | (31;83) | (17;48) | (24;53)
PPD > 12 SFC** 81% 40% 76% 46% 69% 0.61
stimulation (65;90) | (20;64) | (61;87) |(23;71) | (55;80)
> 362 SFC** | 24% 87% 85% 27% 39%
(14;38) | (61;96) | (58;96) | (16;41) | (28;52)
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3B

RD1 antigen-specific IGRAs using peripheral whole blood

Cut-point Sens Spec PPV NPV Accuracy | AUC
T-SPOT.®TB | = 24 SFC* 83% 56% 81% 60% 75% n/a
(68;92) | (33;77) | (66;91) |(36;80) | (62;85)
QFT TB GIT >0.351U/ml* | 87% 69% 87% 69% 81% 0.76
(70;95) | (42;87) | (70-95) |(42;87) | (67;90)
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Table 4A. Performance outcomes, including indeterminate results, of T-

SPOT.®TB (n=61) and QFT TB GIT (n= 60), by disease status, using pleural

fluid mononuclear cells.

B Non-TB Probable TB | Total
T-SPOT.®TB positive 31 6 3 40
QFT GIT positive 20 3 2 25
T-SPOT.®TB negative 5 9 1 15
QFT GIT negative 15 12 4 31
T-SPOT.®TB indeterminate | 3 2 1 6
QFT GIT indeterminate 1 3 4

Table 4B. Head-to-head comparison of paired pleural fluid T-SPOT.®TB and

QFT-TB GIT results, when available, in 36 definite TB patients and 17 non-TB

patients.
Definite TB
T-SPOT.®TB | T-SPOT.®TB | T-SPOT.®TB | Total
positive negative indeterminate
QFT GIT positive 17 0 3 20
QFT GIT negative |12 3 0 15
QFT indeterminate | 0 1 0 1
Total 29 4 3 36
Kappa= 0.21 95% CI -0.02 — 0.41, p= 0.03; agreement = 56%
Non-TB
T-SPOT.®TB | T-SPOT.®TB | T-SPOT.®TB | Total
positive negative indeterminate
QFT GIT positive 2 1 0 3
QFT GIT negative |4 6 1 11
QFT indeterminate | 0 2 1 3
Total 6 9 2 17

Kappa= 0.20 95%CI -0.27 — 0.67, p= 0.20; agreement = 53%
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