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Abstract

Objective

We compared diagnostic accuracy of pleural fluid adenosine deaminase (ADA) and inter-
feron-gamma (IFN-y) in diagnosing tuberculous pleural effusion (TPE) through systematic
review and comparative meta-analysis.

Methods

We queried PubMed and Embase databases to identify studies providing paired data

for sensitivity and specificity of both pleural fluid ADA and IFN-y for diagnosing TPE. We
used hierarchical summary receiver operating characteristic (HSROC) plots and HSROC
meta-regression to model individual and comparative diagnostic performance of the two
tests.

Results

We retrieved 376 citations and included 45 datasets from 44 publications (4974 patients) in
our review. Summary estimates for sensitivity and specificity for ADA were 0.88 (95% Cl
0.85-0.91) and 0.91 (95% CI 0.89-0.92), while for IFN-y they were 0.91 (95% CI 0.89-0.94)
and 0.96 (95% CIl 0.94-0.97), respectively. HSROC plots showed consistently greater diag-
nostic accuracy for IFN-y over ADA across the entire range of observations. HSROC meta-
regression using test-type as covariate yielded a relative diagnostic odds ratio of 2.22 (95%
Cl1 1.68-2.94) in favour of IFN-y, along with better summary sensitivity and specificity fig-
ures. No prespecified subgroup variable significantly influenced the summary diagnostic
accuracy estimates.
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Conclusion

Pleural fluid IFN-y estimation has better diagnostic accuracy than ADA estimation for diag-
nosis of TPE.

Introduction

Tuberculosis (TB) remains an important etiology of exudative pleural effusions, especially in
regions with high TB burden [1]. However, it is often difficult to establish a definite diagnosis
of tuberculous pleural effusion (TPE). Owing to the paucibacillary nature of this disease,
microbiological confirmation of TPE from pleural fluid specimens (smear, culture, or nucleic
acid amplification tests) is suboptimal [1]. Pleural biopsy can demonstrate mycobacteria, or
typical caseating granulomatous inflammation, in a higher proportion of patients. However, it
is an invasive procedure and not routinely performed, especially in resource-constrained
settings.

Pleural fluid adenosine deaminase (ADA) is a widely used biomarker for TPE. ADA, a
purine degrading enzyme mostly found in T-lymphocytes, has good accuracy for diagnosing
TPE. In a meta-analysis of 174 studies, we reported a summary sensitivity and specificity of
0.92 and 0.90 respectively [2]. Although the assay is simple, inexpensive, and widely available,
an optimal threshold for pleural fluid ADA is still not clear. In areas with high burden of TB,
the presence of elevated pleural fluid ADA (commonly >40 IU/L) in patients with lymphocytic
exudative effusions is usually considered sufficient to initiate empiric anti-tubercular treat-
ment (ATT) [1].

Pleural fluid interferon-gamma (IFN-y) has also been evaluated as a diagnostic marker for
TPE. IEN-y is a cytokine released from activated CD4+ T-lymphocytes and natural killer cells
and has potent anti-mycobacterial activity. We found summary sensitivity and specificity of
0.93 and 0.96 respectively in our recent meta-analysis of 67 studies reporting on use of unsti-
mulated pleural fluid IFN-y for diagnosing TPE [3]. Compared to ADA assays, IFN-v testing is
complex, considerably more expensive, and hence is not widely employed. Like ADA testing,
clinically useful thresholds are also not well-defined for IFN-y assays [3].

Overall, our summary diagnostic accuracy estimates for unstimulated pleural fluid IFN-y
(notably specificity) appeared superior to those for pleural fluid ADA, as was also suggested in
an earlier meta-analysis [2-4]. However, indirect comparison of summary estimates from
studies evaluating different patient datasets and heterogenous study designs is likely to yield
biased interpretation [5]. A comparative meta-analysis should preferably be restricted to stud-
ies applying both diagnostic tests to the same individuals while using a common reference
standard [6]. A recent narrative review tabulated such paired information and inferred better
diagnostic utility for pleural fluid IFN-y as compared to ADA [7]. However, available literature
was not systematically reviewed, and a formal diagnostic test accuracy meta-analysis was not
undertaken. We formally assessed the relative diagnostic accuracy of these two important diag-
nostic tests for TPE through a systematic review and comparative meta-analysis of studies
reporting diagnostic accuracy data for both assays in the same patients.

Methods

We pre-registered our study protocol with the PROSPERO database (registration number
CRD42020222609) and followed the Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) guidelines for this review [8, 9]. Prior approval from our Institu-
tional Ethics Committee was not needed since we obtained only summary information from
studies already published.

Search strategy

We searched the PubMed and EMBASE literature databases till November 30, 2020 without
any temporal or language restrictions. We used the following free text search terms: (Tubercu-
losis, Tubercular, Tuberculous, TB, Mycobacterium, Mycobacterial); (Pleura, Pleural, Pleuritis,
Pleurisy, Nonrespiratory, Non-respiratory, Extrapulmonary, Extra-pulmonary); (Interferon,
Interferon-gamma, Gamma-interferon, IFN-v); and (Adenosine deaminase, ADA) for this
purpose. We also searched bibliographies of the included studies and recent review articles, as
well as our personal records, for any additional relevant publications.

Study selection

After removing duplicate citations, two reviewers (ANA and RA) screened all titles and
abstracts identified from the literature search. We excluded publications not primarily report-
ing on TPE in human subjects, case reports or case series, letters to editor not describing origi-
nal observations, conference abstracts, review articles, and editorials. The full texts of
publications considered potentially eligible by either reviewer were retrieved for further inde-
pendent assessment by both.

We included a study for data synthesis if it (a) included patients with TPE and at least one
additional etiology of exudative pleural effusion, (b) employed a microbiologic (presence of
acid-fast bacilli, or positivity for M. tuberculosis on nucleic acid amplification tests or culture,
in pleural fluid, pleural biopsy or another clinical specimen), histopathologic (pleural biopsy
demonstrating granulomatous inflammation), and/or clinical (overall clinical, radiological
and laboratory features suggestive of TPE, or adequate resolution of effusion after empiric
ATT) reference standard for the diagnosis of TPE, (c) conducted ‘both’ index tests in at least
95% of the patients evaluated by either test, and (d) provided numerical data (or information
from which such numerical data could be extracted) on both sensitivity and specificity of both
index tests for diagnosis or TPE. If the same patient population was used to provide these diag-
nostic accuracy figures in more than one publication, only the one describing the largest
patient dataset was selected. In case of any disagreement, study inclusion was decided by con-
sensus between the two reviewers.

Data extraction

We extracted the following data from studies finally eligible for inclusion: study design, year of
publication, countries where the studies were carried out, inclusion and exclusion criteria, eti-
ology of non-tuberculous pleural effusions, human immunodeficiency virus (HIV) status, the
techniques of IFN-y and ADA assay and their thresholds, blinding in the study, reference stan-
dard, the proportion of patients having confirmed diagnosis of TPE using microbiologic or
pathologic criteria (referred to hereafter as having ‘definite TB’), number of subjects in each
group, and the number of positive and negative assay results for each category of subjects.
Wherever the sensitivity/specificity information was reported for more than one diagnostic
threshold, we chose the one with the largest sum of specificity and sensitivity. If any publica-
tion reported all necessary data separately for two or more distinct patient populations, we
considered each as a separate study.
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Statistical analysis

We calculated the sensitivity, specificity, and diagnostic odds ratio (DOR) for both IFN-y and
ADA from each study and computed corresponding 95% confidence intervals (95% CI) using
the Clopper-Pearson method [10]. We used a continuity correction of 0.5 in studies with zero
cell frequencies before logarithmic or logit transformations.

Neither IFN-y nor ADA assays have a common threshold value that is widely used as a clini-
cal discriminator. Various investigators have used a wide range of thresholds to define test posi-
tivity for both tests. Hence, Rutter and Gatsonis hierarchical model was used to summarize
diagnostic accuracy data across the included studies [6, 11]. As a preliminary analysis, we plot-
ted the sensitivity and specificity data from different studies in receiver operating characteristic
(ROC) space, and fitted the hierarchical summary receiver operating characteristic (HSROC)
model independently for IFN-y and ADA assays [6, 12]. If these HSROC plots did not cross
each other, then the curve positioned nearer to the upper left-hand corner was considered to be
consistently more accurate than the other. If the shape parameter of any curve (beta) was close
to zero, then that plot was considered symmetrical with no association between test accuracy
and test threshold. We compared the diagnostic accuracy of ADA and IFN-y using a HSROC
meta-regression model by assessing the effect of type of test as a covariate on accuracy, thresh-
old and shape parameters of the HSROC model [6]. We used the likelihood ratio chi-squared
statistic to identify significant improvement in model fit. We further assessed the symmetry of
the HSROC plots for the two tests by allowing the test type to influence variability in test accu-
racy and test threshold as random effect, but not shape of curve. If the likelihood ratio chi-
squared statistic suggested no significant difference between this plot and the one also adjusting
for shape parameter, then the shape of plots for the individual tests were considered similar. In
this scenario, or if both individual plots were symmetrical, relative diagnostic odds ratio
(RDOR) was used as the summary measure of relative test accuracy of the two index tests [13].

The QUADAS-2 (QUality Assessment of Diagnostic Accuracy Studies, version 2) tool was
used to describe methodological quality of all included studies [14]. We expressed heterogene-
ity using the Higgins’ inconsistency index (I?) and considered it high for I? values exceeding
0.75 [15]. Heterogeneity was further explored through a separate subgroup analysis for each
test [12]. For this, data was stratified based on prespecified covariates that included study
design (prospective or not), national burden of TB (high or not), the prevalence of TB among
all the study subjects (below 50% or more), the robustness of reference standard for TPE (com-
posite clinical criteria or definite TB), nature of non-tuberculous pleural effusions (whether
transudates included or not), method of diagnostic assay, and blinding in study. World Health
Organization guidelines were used to designate countries as high burden [16]. We evaluated
publication bias using Deek’s funnel plot. We used GRADE criteria to report the quality of evi-
dence [17].

We used the statistical package Stata (Intercooled Edition 12.0, Stata Corp, Texas, USA) for
data analysis. The MetaDAS macro was used to fit HSROC models through the NLMIXED
procedure in SAS software (University Edition version 9.4, SAS Institute Inc., North Carolina,
USA) [18]. Statistical significance was assessed at p <0.05.

Results
Study characteristics

We identified 376 citations from our electronic database search and added four more from
other sources (Fig 1). We evaluated 101 full text publications, and finally included 44 for analy-
sis (Table 1) [19-62]. The reasons for excluding other studies are enumerated in S1 Table.
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376 records identified through a
search of electronic databases

4 records from other sources

—l 118 duplicate citations excluded I

262 titles/abstracts screened I

161 publications excluded:
3 Related to non-tuberculous disorders
8 Not reporting data on pleural tuberculosis
70 Narrative and systematic reviews
47 Conference abstracts
14 Letters to editor
12 Case reports and case series
7 Editorials

101 full-text publications
assessed in detail for eligibility

57 publications excluded:
4 Not primarily focused on either index test

22 Reporting information for only one of the

two index tests

10 Providing only descriptive data analysis
8 Both index tests done for <95% patients
7 Overlapping/same patient datasets
6 Non-tuberculous effusions not studied

44 publications for data synthesis I

Fig 1. Study selection process.
https://doi.org/10.1371/journal.pone.0253525.g001

Eight (18.2%) articles were in a foreign language [20, 22-24, 30, 37, 53, 61]. In all, 23 (52.3%)
publications were reported from countries having high TB burden [19, 24, 28, 35, 37, 38, 40—
45,48, 49, 53, 55, 56, 58-62]. Blinding was ensured in only four (9.1%) publications [38, 43, 44,
59]. There were no HIV seropositive patients in eight (18.2%) publications [31, 33, 48, 51, 52,
55, 56, 61]. Only two (4.5%) other publications reported the frequency of HIV seropositivity
among their study subjects, while the remaining did not provide any information [38, 58].
Most researchers (24, 54.5%) used a definite (microbiologic and/or pathologic) reference crite-
ria for diagnosing TPE [19-21, 23, 26, 29, 31, 33-36, 39, 41, 46, 47, 49-52, 54, 55, 59, 60, 62].
Half of the publications had included patients with transudative effusions in the non-tubercu-
lous group [20, 21, 24-26, 32, 33, 36, 37, 40, 42, 44, 47, 48, 50, 54, 55, 57-61]. One article
described two distinct cohorts of patients, and both were considered as two separate studies
for final analysis [59]. The 44 publications included in our analysis therefore provided 45 sets
of paired diagnostic accuracy data for pleural fluid ADA and IFN-y.

Overall, 2036 patients of TPE and 2937 patients with other pleural effusions were evaluated
with ADA, and 2036 patients of TPE and 2938 patients with other pleural effusions were evalu-
ated with IFN-v, in the 45 datasets included for analysis. Most studies (29, 64.4%) used the
Guisti method for the ADA assay, while 13 (28.9%) studies used other procedures (S2 Table)
[21, 28,29, 32, 35, 40, 49, 50, 57, 59, 61, 62]. Three (6.7%) studies did not report the ADA assay
technique [30, 33, 54]. The IFN-y assay was performed using enzyme-linked immunosorbent
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Table 1. Characteristics of studies included in data synthesis.

Primary Country | Prospective Case- Inclusion criteria Exclusion criteria HIV Transudative Standard | Definite
author, of study study control + patients | effusions in non- | for TPE TB (%)*
publication design TPE group diagnosis
year
Hsu, 1989 [19] China Yes No Inpatients with NS NS No MP 100
effusion
Ribera, 1990 Spain NS Yes Inpatients with NS NS Yes MP 100
[20] effusion
Aoki, 1994 Japan Yes No NS NS NS Yes MP 100
(21]
Jeon, 1998 [22] Korea Yes Yes NS NS NS No CMP 75.0
Kim, 1998 [23] Korea Yes Yes TPE or malignant NS NS No MP 100
effusion
Zhu, 1999 [24] China Yes No NS NS NS Yes CMP NS
Villegas, 2000 | Colombia Yes No Age >18 years NS NS Yes CMP 68.9
(25]
Poyraz, 2004 Turkey Yes Yes Inpatients with NS NS Yes P 100
[26] effusion
El-Ansary, Egypt Yes No Diagnosed pleural NS NS No NS NS
2005 [27] effusion
Gao, 2005 [28] China Yes No NS NS NS No CMP NS
Okamoto, Japan Yes No Lymphocytic No definite diagnosis NS No MP 100
2005 [29] exudative effusion
Park, 2005 Korea Yes No Unilateral effusion NS NS No CMP NS
(30]
Sharma, 2005 India Yes No NS Immunosuppressive drugs, None No MP 100
[31] organ dysfunction,
pregnancy
Morimoto, Japan Yes No NS NS NS Yes CMP NS
2006 [32]
Ariga, 2007 Japan Yes No Definite etiology for NS None Yes M 100
[33] effusion
Daniil, 2007 Greece Yes No NS NS NS No MP 100
(34]
Xue, 2007 [35] China Yes Yes Confirmed TPE or NS NS No MP 100
malignant effusion
Krenke, 2008 Poland Yes No Inpatients with No definite diagnosis NS Yes MP 100
[36] effusion
Titarenko, Russia Yes No NS NS NS NS NS NS
2008 [37]
Dheda, 2009 South Yes No Suspected TPE Inadequate fluid sample 26/56 No CMP 87.3
[38] Africa
Valdes, 2009 Spain Yes No Inpatients with NS NS No MP 100
(39] effusion
Wu, 2010 [40] China No No Definitely diagnosed NS NS Yes CMP 91.3
effusion
Ambade, 2011 India Yes No Inpatients with Incomplete data NS No MP 100
[41] effusion
Kalantri, 2011 India Yes No NS NS NS Yes CMP 32.5
(42]
Liu, 2011 [43] Taiwan Yes No Inpatients with NS NS No CMP NS
lymphocytic
exudative effusion
due to TB or
malignancy
(Continued)
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Table 1. (Continued)

Primary Country | Prospective Case- Inclusion criteria Exclusion criteria HIV Transudative Standard | Definite
author, of study study control + patients | effusions in non- | for TPE TB (%)*
publication design TPE group diagnosis
year
Wang, 2012 China Yes No Inpatients with NS NS Yes CMP 85.9
(44] effusion
Keng, 2013 Taiwan Yes No Lymphocytic NS NS No CMP 96.8
[45] exudative effusion
Khan, 2013 Qatar Yes No Inpatients with NS NS No MP 100
[46] effusion
Lee, 2013 [47] Korea Yes Yes Inpatients with No definite diagnosis, NS Yes MP 100
effusion inadequate sample
Wu, 2013 [48] China Yes No Inpatients with NS None Yes CMP 80
effusion of definite
etiology
Li, 2014 [49] China Yes No TPE or malignant No definite diagnosis NS No MP 100
effusion
Valdes, 2014 Spain Yes No Inpatients with No definite diagnosis NS Yes MP 100
[50] effusion
Yurt, 2014 [51] | Turkey Yes No Inpatients with HIV seropositive, None No MP 100
effusion empyema, transudate,
taking ATT, no definite
diagnosis
Ali, 2015 [52] Egypt Yes Yes Confirmed TB or NS None No MP 100
malignancy
Dong, 2015 China Yes Yes TPE or malignant NS NS No CMP NS
(53]
Klimiuk, 2015 Poland Yes No Newly diagnosed Inadequate data, no NS Yes MP 100
[54] effusion definite diagnosis
Shu, 2015 [55] Taiwan Yes No Lymphocytic HIV seropositive None NS MP 100
exudative effusion
Jethani, 2016 India Yes Yes Exudative effusion, Empyema, hemothorax, None No CMP NS
[56] age >20 years transudate, HIV
seropositive
Chung, 2017 Korea Yes No Inpatients with Inadequate sample NS Yes CMP 81.1
[57] effusion, age > =18
years
Santos, 2018 Brazil Yes No Patients aged > = 18 Pregnancy 4/60 Yes CMP 48.5
[58] years with effusion
Wang, 2018 China Yes No Inpatients with NS NS NS MP 100
[59] effusion of known
etiology
Faria, 2019 Brazil Yes No NS NS NS Yes MP 100
[60]
Li, 2019 [61] China Yes Yes Patients with NS None Yes CMP NS
effusion
Zhang, 2020 China Yes Yes Patients aged > =18 |  Transudative effusions, NS No MP 100
[62] years with heart/renal/liver failure,
confirmed TPE or nephrotic syndrome,
malignant effusion cirrhosis
ATT Anti-tubercular treatment, HIV Human immunodeficiency virus, NS Not specified, TB Tuberculosis, TPE Tuberculous pleural effusion
Standard for diagnosis: C Clinical, M Microbiologic, P Pathologic
* Definite TB implies microbiologic and/or histopathologic confirmation of diagnosis in patients with tuberculous pleural effusion
https://doi.org/10.1371/journal.pone.0253525.t001
PLOS ONE | https://doi.org/10.1371/journal.pone.0253525 June 24, 2021 7/15


https://doi.org/10.1371/journal.pone.0253525.t001
https://doi.org/10.1371/journal.pone.0253525

PLOS ONE

IFN-y and ADA for pleural tuberculosis

assay (ELISA) in most (40, 88.9%) studies. Four (8.9%) studies used another method, and one
(2.2%) study did not specify the assay technique (S3 Table) [20, 34, 43, 60, 62]. Three studies
reported data on two or more diagnostic thresholds for the assays (S2 Table) [23, 32, 45]. Diag-
nostic thresholds for ADA varied widely between 15.5-70 IU/L. The variability was even
greater for IFN-vy thresholds, which were reported as either weight or activity per unit volume
(S2 Table). Two (4.5%) studies did not specify the IFN-y threshold used for diagnosis [34, 42].
Only one of two cohorts from one study showed overall good quality, with no risk of bias
across all the QUADAS-2 domains [59]. High risk of bias was observed in all other studies (S1
Fig), which was primarily related to lack of blinding and/or use of pre-specified diagnostic
thresholds. Eleven (24.4%) studies also showed applicability concerns in the patient selection
domain. There was no publication bias (S2 Fig).

Individual test diagnostic accuracy

S3 Table provides the diagnostic accuracy estimates calculated from individual studies. There
was substantial heterogeneity between the included studies (I* 94.8% for ADA and 80.6% for
IFN-v respectively). The sensitivity of ADA for diagnosis of TPE varied from 0.40 to 1.00, and
specificity from 0.68 to 1.00 (S3 Fig). The summary sensitivity and specificity were 0.88 (95%
CI 0.85-0.91) and 0.91 (95% CI 0.89-0.92) respectively. The sensitivity of IFN-vy for diagnosis
of TPE varied from 0.61 to 1.00, and specificity from 0.68 to 1.00. The summary sensitivity and
specificity were both superior to values for ADA at 0.91 (95% CI 0.89-0.94) and 0.96 (95% CI
0.94-0.97) respectively. The summary positive and negative likelihood ratios were 9.47 (95%
CI7.79-11.51) and 0.13 (95% CI 0.10-0.16) for ADA, and 21.13 (95% CI 14.75-30.29) and
0.09 (95% CI 0.07-0.12) for IFN-v, respectively. A higher summary positive likelihood ratio
(above 10) and a lower summary negative likelihood ratio (below 0.1) indicated that IFN-y
was better than ADA at both confirming as well as excluding a diagnosis of TPE (54 Fig). Sub-
group analysis did not indicate any noticeable improvement in diagnostic accuracy for any cat-
egory of the prespecified covariates (S4 Table).

Comparative test diagnostic accuracy

The individual HSROC plots for ADA and IFN-v assays (Fig 2) appeared symmetrical (shape
parameter beta for plots for ADA and IFN-y were -0.25, p = 0.35, and 0.11, p = 0.61 respec-
tively) implying that test accuracy for either assay was not dependent on test threshold. The
two plots did not cross each other, and the plot for IFN-y was positioned more towards the
desired upper left corner of the graph, suggesting that pleural fluid IFN-y was consistently
more accurate than ADA for diagnosis of TPE across the entire range of observations from the
included studies. The 95% confidence ellipses around the summary diagnostic accuracy esti-
mates for the two tests were narrow did not overlap, implying that on direct comparison, IFN-
v had a significantly better diagnostic accuracy than ADA (Fig 2). The 95% prediction regions
for both tests were much wider and overlapping, again indicative of substantial heterogeneity.

HSROC meta-regression, allowing the test type covariate (ADA or IFN-y) to influence
accuracy, shape, and threshold, showed improvement in model fit as compared to a model
without adjustment for covariate (reduction in -2 log likelihood ratio from 944.8 to 909.0, p
<0.001 at three degrees of freedom). We then fitted a less complex model based on common
HSROC plot shape, by allowing the test type to influence only accuracy and threshold. This
did not significantly improve model fit further (change in -2 log likelihood ratio from 909.0 to
911.3, p = 0.13 at one degree of freedom), indicating lack of statistical evidence of a difference
in shape of plots for the two tests (S5 Table and S4 Fig). Since the individual plots were sym-
metrical and showed similar underlying shape, RDOR obtained from this model was
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Fig 2. Comparison of summary points and summary curves, for studies evaluating both pleural fluid adenosine deaminase (red) and interferon-
gamma (blue), in receiver operating characteristic (ROC) space. The left panel shows pairs of accuracy estimates from each included study, joined
together by dotted lines. The right panel shows individual hierarchical summary ROC (HSROC) plots for the two tests, with the solid circles indicating
the summary diagnostic accuracy points. The dotted ellipses represent 95% confidence regions around these summary estimates. The dashed lines
represent the 95% prediction region (area within which one is 95% certain the results of a new study will lie).

https://doi.org/10.1371/journal.pone.0253525.9002

considered the summary measure of relative accuracy. Based on this model, the diagnosis of
TPE using IFN-vy assay showed higher accuracy (p <0.001) than diagnosis using ADA assay
(RDOR 2.22, 95% CI 1.68-2.94). Both relative sensitivity (1.03, 95% CI 1.01-1.05) and relative
specificity (1.04, 95% CI 1.02-1.05) values suggested better diagnostic performance for IFN-y as
compared to ADA. In absolute terms, both summary sensitivity and summary specificity were
higher by 0.03 for IFN-y as compared to ADA (S5 Table). This means that, as compared to ADA,
IFN-y will detect an additional 3% patients with TPE and will exclude this diagnosis among 3%
additional patients without TPE. Further attempts at simplification of the model by allowing test
type to influence only accuracy did not significantly alter model fit, implying that the meta-regres-
sion results were not significantly influenced by test threshold (S5 Table and S5 Fig).

Grading of evidence

Opverall, we found moderate grade evidence regarding diagnostic accuracy of pleural fluid
ADA and TNF for TPE diagnosis (Table 2). On evaluating the clinical implications of applying
either index test in a hypothetical cohort of 1000 patients having various levels of TPE preva-
lence, IFN-y performed better than ADA. Based on our summary diagnostic accuracy esti-
mates, IFN-y is likely to miss about 30% less TPE patients as compared to ADA in relative
terms across a range of pre-test probabilities. Similarly, IFN-y testing is likely reduce false posi-
tive results by more than half across a range of pre-test probabilities (Table 1).

Discussion

We analyzed 45 paired datasets (4974 patients) evaluating the performance of pleural fluid
ADA and IFN-y from 44 publications. These studies used different diagnostic thresholds and
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Table 2. Summary of findings from studies evaluating pleural fluid adenosine deaminase (ADA) and unstimulated pleural fluid interferon-gamma (IFN-y) for
diagnosing pleural tuberculosis.

Outcome Number of Study design Factors that may decrease certainty of Effect per 1000 patients tested Certainty of
studies and evidence evidence for test
num})er of Risk of Indirectness Publication | 5% pre-test | 25% pre-test | 50% pre-test accuracy

patients bias Inconsistency bias probability probability probability
Imprecision

ADA

True 45 studies 2036 | Cohortand | Serious* Not serious None 44 (43 to 45) 220 (213 to 441 (426 to MODERATE

positives patients case-control 227) 453)

False studies 6(5t07) 30 (23t037) | 59 (47 to 74)

negatives

True 45 studies 2937 | Cohortand | Serious* Not serious None 862 (843 to 680 (665 to 453 (444 to MODERATE

negatives patients case-control 878) 693) 462)

False studies 88 (7210 107) | 70 (57 to 85) | 47 (38 to 56)

positives

IFN-y

True 45 studies 2036 | Cohortand | Serious* Not serious None 46 (44 to 47) 229 (221 to 457 (443 to MODERATE

positives patients case-control 234) 468)

False studies 4(3t06) 21(16t029) | 43(32t057)

negatives

True 45 studies 2938 | Cohortand | Serious* Not serious None 909 (892 to 718 (704 to 478 (470 to MODERATE

negatives patients case-control 921) 727) 485)

False studies 41 (29t058) | 32(23to46) | 22 (15to 30)

positives

* Most studies had no blinding, and/or did not use pre-specified diagnostic thresholds

https://doi.org/10.1371/journal.pone.0253525.t1002

reference standards for diagnosing TPE. Our findings suggest that both ADA and IFN-y show
good summary diagnostic accuracy as individual tests. On direct comparison using HSROC
meta-regression, IFN-y showed better summary accuracy for TPE diagnosis as compared to
ADA (RDOR 2.22, 95% CI 1.68-2.94) without any threshold effect.

The summary diagnostic accuracy estimates derived from our study, for both pleural fluid
ADA and IFN-y, are largely similar to observations from our recent larger meta-analyses eval-
uating these assays individually [2, 3]. The main strength of our analysis is the large sample
size of paired data on the two index tests that was available for direct comparison, allowing us
to provide robust comparative diagnostic accuracy estimates. We preferred the Rutter and
Gatsonis HSROC model over a bivariate model to accommodate the substantial variability in
diagnostic thresholds for both ADA and IFN-y between the included studies. The positioning
of HSROC plots, as well as the numerical data for summary estimates, suggests pleural fluid
IFN-y to be a better diagnostic marker for TPE than pleural fluid ADA. At present, pleural
fluid ADA is favoured as the investigation of choice while evaluating patients suspected to
have TPE, especially when a definite microbiological diagnosis is not forthcoming. Our results
suggest pleural fluid IFN-y to be a better discriminator, both for confirmation and exclusion of
TPE, in everyday clinical practice (Table 2). This information is likely to influence current
algorithms for evaluating patients with pleural effusion, especially with the development of a
low-cost ultrasensitive rapid immuno-suspension test that could lead to wider deployment of
pleural fluid IFN-y assays [63]. A formal cost-effectiveness analysis is, however, beyond the
scope of our review. Some consensus is still needed to define a threshold value clinically useful
in diverse settings [3].
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Our analysis has few limitations. The studies included in this review showed substantial het-
erogeneity. Almost all studies showed high risk of bias, and several had high concern regarding
applicability. This reduces the strength of validity and applicability of our observations.
Another major limitation was the diversity of assay techniques and diagnostic thresholds used
in the studies, which we could not incorporate within our analysis. Several investigators
‘adapted’ the Guisti method of ADA estimation in their laboratories, and this may have influ-
enced the variability in ADA thresholds and results to some extent. Although our HSROC
models did not suggest any threshold effect, we are unable to comment on absolute or relative
test accuracy at any specific pair of thresholds that could be clinically recommended. In addi-
tion, many individual studies had several limitations. Half of the publications had enrolled
patients with transudative pleural effusion, which could have artificially increased specificity
estimates since TPE is a diagnostic consideration in exudative effusions only. Most studies did
not pre-specify a diagnostic threshold aimed at either confirming or excluding TPE, but rather
estimated a reasonable trade-off from post-hoc ROC analysis. We have summarized the diag-
nostic performance of ADA and IFN-v as isolated investigations but cannot comment if their
combination, or concurrent use with results of other investigations, can further improve their
role in routine clinical decision-making. There is limited data to suggest that combining pleu-
ral fluid ADA and IFN-y for diagnosis of TPE can improve specificity to up to 100% at the
expense of some reduction in sensitivity [25, 45, 58].

Conclusion

In conclusion, the findings from our meta-analysis indicate that pleural fluid IFN-y estimation
has better diagnostic accuracy than pleural fluid ADA estimation for the diagnosis of TPE. We
believe that pleural fluid IFN-y is likely be used as a primary diagnostic biomarker while evalu-
ating patients with suspected TPE.
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