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Background. Several studies have assessed the diagnostic accuracy of pleural fluid soluble interleukin-2 receptor (sIL-2R) for
tuberculous pleural effusion (TPE) but with varied results. Therefore, we conducted this systematic review and meta-analysis to
evaluate the accuracy of sIL-2R for TPE. Methods. PubMed, Ovid, and Web of Science databases were searched from inception to
23 March 2021 to identify eligible studies concerning the diagnostic accuracy of fluid sIL-2R for TPE. The sensitivity and specificity
of sIL-2R for TPE were pooled with a bivariate model. We estimated the global diagnostic accuracy of PE sIL-2R with a summary
receiver operating characteristic (SROC) curve. The revised Quality Assessment for Diagnostic Accuracy Studies tool (QUADAS-
2) was used to assess the quality of eligible studies. Results. A total of nine studies with 270 TPEs and 586 non-TPEs were included
in the final analysis. The pooled sensitivity and specificity were 0.81 (95% CI: 0.76-0.86) and 0.92 (95% CI: 0.77-0.98), respectively.
The area under the sSROC curve (AUC) was 0.82 (95% CI: 0.79-0.86). No significant publication bias was observed. Conclusions.
Pleural fluid sIL-2R is a useful diagnostic marker for TPE. However, the diagnostic accuracies of already available biomarkers such
as pleural fluid adenosine deaminase, interferon-y, and interleukin-27 appear to be superior relative to sIL-2R. Therefore, it might

not be preferable to use sIL-2R for diagnosing TPE.

1. Introduction

Tuberculosis pleural effusion (TPE) is a common cause of
pleural effusion (PE) [1], and its diagnosis is a challenge for
clinicians. The gold standard for diagnosing TPE is Myco-
bacterium tuberculosis (Mtb) culture from pleural fluid or
pleural tissue on Ziehl-Neelsen staining [2]. However, the
Mtb culture is time- and labor-consuming, which did not
allow rapid diagnosis. In addition, the sensitivity of Mtb
culture is less than 20% [3]. Ziehl-Neelsen staining is a rapid
diagnostic tool with high specificity, but its sensitivity is less
than 5% [3]. Imaging-guided or thoracoscopic pleural bi-
opsy is an effective diagnostic method with high specificity,
but its sensitivity is approximately 70% [4]. In addition,
biopsy is an invasive procedure and can be associated with
complication [5], and its diagnostic accuracy is greatly

affected by the operator and observer. Nucleic acid ampli-
fication tests (NAATSs) are promising molecular diagnostic
tools for TPE [6]. Xpert MTB/RIF is the most widely-used
commercial NAAT in clinical practice with high specificity.
However, its sensitivity is approximately 50% [7]. The low
sensitivity may be due to the lack of Mtb in pleural fluid
[7, 8]. Soluble pleural fluid biomarkers represent another
promising diagnostic tool for TPE diagnosis. There are some
pleural fluid biomarkers such as adenosine deaminase
(ADA), interferon-gamma (INF-y), and interleukin-27 (IL-
27) [9]. However, meta-analysis evidence shows that their
sensitivities and specificities are around 0.90 [10-12].
Therefore, it remains essential to develop novel pleural fluid
diagnostic markers for rapid diagnosis of TPE.
Interleukin-2 (IL-2) is a growth factor that promotes
T lymphocyte proliferation in an autocrine manner [13]. Its
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effect on helper T-cells is mainly mediated by binding to an
IL-2 receptor protein (IL-2R). Some studies have shown that
IL-2R can be released from the cell surface in a soluble form,
termed soluble IL-2 receptor (sIL-2R) [14]. Helper T-cells
are a dominant cell population in TPE [15]. These cells can
be recruited into the pleural space and involved in the
protective immunity against Mtb [15, 16]. Several studies
have revealed that pleural fluid sIL-2R could be used for the
diagnostics of TPE, but the results varied. Herein, we
conducted a systematic review and meta-analysis to evaluate
the accuracy of sIL-2R for the diagnosis of TPE.

2. Methods

2.1. Search Strategy. We searched the PubMed, Ovid, and
Web of Science databases to identify eligible studies since
inception to 23 March 2021. The search algorithm in the
PubMed database was (“Tuberculosis, Pleural” (mesh) or
“tuberculosis pleural effusion” or “tuberculosis pleurisy” or
“tuberculosis pleuritis” or “tuberculous pleurisy” or “tu-
berculous pleuritis” or “tuberculous pleural effusion” or
“pleural effusion*” or “pleural fluid*”) and (“Receptors,
Interleukin-2” (mesh) or “soluble interleukin-2 receptor*”
or “soluble interleukin-2 receptor*” OR sIL-2R OR “Re-
ceptors, Interleukin-2” (nm)). We used a similar strategy in
searching the Web of Science database. In addition, all
references listed in eligible studies were also manually
searched. This manuscript is reported by following the
PRISMA-DTA (Preferred Reporting Items for a Systematic
Review and Meta-Analysis of Diagnostic Test Accuracy
Studies) guidelines, which is recommended by the Cochrane
Collaboration [17].

2.2. Study Selection. All retrieved studies were imported into
Endnote to remove duplicate publications. In addition, the
studies investigating the diagnostic accuracy of sIL-2R for
TPE were included. The exclusion criteria were (i) animal
studies; (ii) non-English studies; (iii) conference abstracts,
literature review, editorials, and commentary; (iv) studies
without sensitivity and specificity data; and (v) if a two-by-
two table could not be constructed for meta-analysis. All
retrieved studies were independently screened by two re-
viewers, and any discrepancies were resolved by consensus
and full-text reviewing. There is no restriction regarding
country, patients age, race, gender, and publication date.

2.3. Data Extraction and Quality Assessment. Data extraction
was performed by two reviewers independently. The data
extracted were name of the first author, country, publication
year, components of control, sample sizes of TPE and non-
TPE, type of data collection (prospective or retrospective),
sIL-2R assay, the reference standard for TPE diagnosis,
sensitivity, specificity, area under the receiver operating
characteristic (ROC) curve (AUC), and the corresponding
cutoff. We constructed a two-by-two table for each eligible
study with the sensitivity, specificity, and sample sizes of
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TPE and non-TPE. The two-by-two table contained the
numbers of true positive (TP), false positive (FP), false
negative (FN), and true negative (TN).

The revised Quality Assessment for Diagnostic Accuracy
Studies tool (QUADAS-2) was used to assess the quality of
eligible studies [18].

2.4. Statistical Analysis. We used a bivariate model to pool
the sensitivity and specificity [19]. Summary ROC (sROC)
curve, a global metric of a diagnostic test’s accuracy, was
constructed to estimate the diagnostic accuracy of sIL-2R
[20]. The inconsistency index (I*) was used to detect po-
tential heterogeneity across eligible studies [21]. The Deeks’s
test and funnel plot were used to estimate the degree of
publication bias [22]. The Stata 13.0 (Stata Corp LP, College
Station, TX, USA) with the midas command was used for all
statistical analyses [23].

3. Results

3.1. Study Selection Process and Summary of the Eligible
Studies. Figure 1 is a flowchart of study selection. Finally,
twelve studies met the inclusion criteria, but three did not
report sensitivity and specificity [24-26]. Therefore, nine
studies [27-35] with 270 TPE and 586 non-TPE patients
were included in the present meta-analysis. The summary of
the eligible studies is noted in Table 1. Two of the included
studies were from China [32, 33], two were from Japan
[30, 35], and each of the remaining five studies were from
Turkey [27], Poland [28], India [29], Spain [31], and Greece
[34]. Sample sizes of the eligible studies ranged from 38 to
173 patients. The disease profile of non-TPE was various,
including malignant pleural effusion (MPE) [27-35], par-
apneumonic pleural effusion (PPE) [27, 28, 30-33, 35],
transudative pleural effusion (TRPE) [28, 31-35], heart
failure (HF) [30], and uremic pleural effusion (UPE) [32].
Prospective data collection was adopted in three studies
[28, 31, 33]. Eight studies determine pleural fluid sIL-2R with
ELISA [27-29, 31-35], while one study used diagnostic
products corporation (DPC) Immulyze [30]. Culture and
biopsy was used as reference standards in all studies, and
Ziehl-Neelsen staining was also used in five studies
[27-30, 32]. In addition, treatment response was used as a
reference standard in five studies [28, 30, 31, 34, 35].

3.2. Quality Assessment. Quality assessment of the included
studies is shown in Table 2. The patient selection domain in
two studies was labeled as high because of inappropriate
exclusions [27, 34]. The index domain of three eligible
studies was labeled at a high risk of bias because the diag-
nostic cut-offs were not prespecified [27, 34, 35]. The ref-
erence standard domain of all eligible studies was labeled as
low. All except two of the eligible studies did not receive the
same reference standard or made inappropriate exclusions;
therefore, the flow and timing domain of these studies was
labeled as high risk of bias [28-32, 34, 35].
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FiGure 1: Flowchart of the study selection.

TaBLE 1: Summary of eligible studies.

TPE/

Author Year Country non- Non-TPE Consecutive Data} Targe.t SIL-2R Reference
TPE collection population assay standard
Tural [27] 2015 Turkey 52/68  MPE, PPE No Unclear ~ Undiagnosed gy, - Stain, culture,
exudative PE biopsy
MPE, PPE, Staltr)li,ocilture,
Klimiuk [28] 2015 Poland 44/129 TRPE, Yes Prospective Undiagnosed PE ~ ELISA psy,
. treatment
miscellaneous
response
Ambade [29] 2011 India  48/33 MPE, others Unclear Unclear Undiagnosed PE ~ ELISA Stalgiocpusl}t’ure,
Stain, culture,
Harita [30] 2002 Japan 11/39 MPE, PPE, HF Unclear  Retrospective Undiagnosed PE DPC biopsy,
Immulyze treatment
response
MPE. PPE Culture, biopsy,
Porcel [31] 2000 Spain 23/109 TRPE, others Yes Prospective  Undiagnosed PE ~ ELISA treatment
response
Chiang [32] 1994 China 27/66 MPE, PPE, UPE, Unclear Unclear ~ Undiagnosed PE  ELISA Stamf culture,
TRPE biopsy
Chang [33] 1994 China 42/69 MPE, PPE, TRPE Yes Prospective Undiagnosed PE ~ ELISA  Culture, biopsy
Sarandakou Culture, biopsy,
[34] 1991 Greece 13/45 MPE, TRPE Unclear Unclear Undiagnosed PE ~ ELISA treatment
response
Culture, biopsy,
Ito [35] 1990 Japan 10/28 MPE, PPE, TRPE  Unclear Unclear Undiagnosed PE ~ ELISA treatment
response

TPE, tuberculous pleural effusion; MPE, malignant pleural effusion; PPE, parapneumonic pleural effusion; HF, heart failure; TRPE, transudative pleural
effusion; UPE, uremic pleural effusion; DPC, Diagnostic Products Corporation.

3.3. Diagnostic Accuracy. The diagnostic accuracy of sIL-2R
in eligible studies is summarized in Table 3. Only three
studies reported the ROC curve. In three studies, the AUC of
sIL-2R was 0.57 [28], 0.80 [29], and 0.96 [31], respectively.
Diagnostic cut-off adopted by the eligible studies ranged
from 2980 U/mL to 5000 U/mL. The eligible studies’ sen-
sitivity ranged from 0.62 to 0.91, and specificity ranged from
0.41 to 1.00.

Figure 2 shows a forest plot of sensitivity and specificity
for sIL-2R for the diagnosis of TPE. Pooled sensitivity and
specificity were 0.81 (95% CI: 0.76-0.86) and 0.92 (95% CI:
0.77-0.98), respectively. Positive likelihood ratio (PLR) and
negative likelihood ratio (NLR) were 10.5 (95% CI: 3.2-34.3)
and 0.20 (95% CI: 0.16-0.27), respectively. The diagnostic
odds ratio (DOR) was 51 (95% CI: 14-189). The I* for
sensitivity and specificity was 64% and 97.5%, respectively.
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TABLE 2: Quality assessment of the eligible studies.

Auth Risk of bias Applicability concerns

o Patient selection Index test Reference standard Flow and timing Patient selection Index test Reference standard
Tural [27] High High Low Unclear High Low Low
Klimiuk [28] Low Unclear Low High Low Low Low
Ambade [29] Unclear Unclear Low High Low Low Low
Harita [30] Unclear Unclear Low High Low Low Low
Porcel [31] Low Unclear Low High Low Low Low
Chiang [32] Unclear Unclear Low High Low Low Low
Chang [33] Low Unclear Low Unclear Low Low Low
Sarandakou [34] High High Low High Low Low Low
Ito [35] Unclear High Low High Low Low Low

TaBLE 3: Diagnostic accuracy of sIL-2R in eligible studies.

Author AUC Cutoff Sensitivity (%) Specificity (%) TP FP FN TN
Tural [27] NR 4800 pg/mL 83 71 43 20 9 48
Klimiuk [28] 0.57 2047.7 pg/ml 79 41 35 77 9 52
Ambade [29] 0.80 4257.4pg/mL 88 70 42 10 6 23
Harita [30] NR 2980 U/mL 73 88 8 6 3 43
Porcel [31] 0.96 4700 U/mL 91 95 21 6 2 103
Chiang [32] NR 5000 U/mL 74 94 20 4 7 62
Chang [33] NR 4291.4U/mL 81 100 34 0 8 69
Sarandakou [34] NR 3777 U/mL 62 98 8 1 5 44
Ito [35] NR 4500 U/mL 90 100 9 0 1 28

AUGC, area under the curve; NR, not reported; TP, true positive; FP, false positive; TN, true negative; FN, false negative.

Studyld i SENSITIVITY (95% CI) Studyld i SPECIFICITY (95% CI)
| |
| |
| |
Ito —:H— 0.90 [0.55-1.00] Ito + 1.00 [0.88-1.00]
Sarandakou —._;_ 0.62 [0.32-0.86] Sarandakou -;-o 0.98 [0.88-1.00]
Chang _’i_ 0.81 [0.66-0.91] Chang §~ 1.00 [0.95-1.00]
Chiang —-—i~ 0.74 [0.54-0.89] Chiang —iw 0.94 [0.85-0.98]
Porcel —;—.— 0.91 [0.72-0.99] Porcel —io 0.94 [0.88-0.98]
Harita —-i_ 0.73 [0.39-0.94] Harita —4 0.88 [0.75-0.95]
| |
Ambade _:_._ 0.88 [0.75-0.95] Ambade — i 0.70 [0.51-0.84]
| |
Klimiuk —-:— 0.80 [0.65-0.90] Klimiuk | —= i 0.40 [0.32-0.49]
| |
Tural —:o— 0.83[0.70-0.92] Tural e i 0.71 [0.58-0.81]
| |
| |
i i
COMBINED <§ 0.81 [0.76-0.86] COMBINED <§ 0.92[0.77-0.98]
| |
i Q =22.43, df = 8.00, p = 0.00 i Q =271.09, df = 8.00, p = 0.00
| |
i 12 = 64.33 [38.82-89.85] i 12 = 97.05 [96.00-98.10]
053 1:0 013 1:0

SENSITIVITY SPECIFICITY

FIGURE 2: Forest plot of sensitivity and specificity for PE sIL-2R in the diagnosis of TPE.
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Table 4 lists the positive and negative predictive values
(PPVs and NPVs) of sIL-2R for TPE with an assumed
prevalence of TPE in the target population. In the target
population with the prevalence of TPE <5% in undiagnosed
PE, the NPV of sIL-2R was 98.92%. While in the target
population with the TPE prevalence >50%, the PPV of sIL-
2R was 95.94%.

Because significant heterogeneity was observed in meta-
analysis, we analyzed the possible source of heterogeneity
among included studies. We hypothesized that sample size
(>100 vs. <100), data collection (prospective design vs. ret-
rospective design or unknown), whether the participants were
consecutively enrolled (consecutive vs. unknown and non-
consecutive), whether treatment response was used to diagnose
TPE (yes vs. no) are the potential sources of heterogeneity.
Table 5 lists the results of meta-regression. Although these
design characteristics are possible sources of heterogeneity for
sensitivity, they lost significance in the joint model. Therefore,
the current evidence does not support these design charac-
teristics as sources of heterogeneity.

The sROC curve of PE sIL-2R is shown in Figure 3. The
area under the sSROC curve was 0.82 (95% CI: 0.79-0.86).

3.4. Publication Bias. The funnel plot indicated that publi-
cation bias was not statistically significant (P = 0.35, Figure 4).

4, Discussion

This is the first systematic review and meta-analysis esti-
mating the diagnostic accuracy of PE sIL-2R for TPE to the
best of our knowledge. We included nine studies with 270
TPEs and 586 non-TPEs and found that the sensitivity and
specificity of PE sIL-2R were 0.81 and 0.92, respectively. The
sROC’s AUC of PE sIL-2R was 0.82. In addition, no sig-
nificant publication bias was observed. These results indicate
that pleural fluid sIL-2R has a relatively high diagnostic
accuracy for TPE.

Sensitivity and specificity are two basic metrics of a
diagnostic tool [36]. The pooled sensitivity and specificity of
PE sIL-2R were 0.81 (95% CI: 0.76-0.86) and 0.92 (95% CI:
0.77-0.98), respectively. These results mean that 81% of TPE
patients had elevated PE sIL-2R and 92% of non-TPE had
decreased PE sIL-2R. Therefore, approximately 19% TPE
patients will be missed, and 8% of non-TPE patients will be
misdiagnosed as TPE if PE sIL-R level was used alone.

A weakness of sensitivity and specificity is that they can
only reflect the accuracy of diagnosis at a specific cut-off;
therefore, both of them are not a global measure of diagnostic
accuracy [36, 37]. By contrast, the AUC of sROC is cut-oft
independent and thus is a good measure to evaluate the ac-
curacy of an index test [38]. In the traditional ROC curve, each
point represents sensitivity and specificity at a certain cut-off.
While in the sROC curve, each point represents the data of a
single study; therefore, the AUC of sROC represents a globe
measure of diagnostic accuracy [39]. The AUC of such curve
ranged from 0.5 to 1.0, and a higher value means higher ac-
curacy [20]. We found that the AUC of the sSROC curve was

0.82 (95% CI: 0.79-0.86), indicating that PE sIL-2R has
moderate diagnostic accuracy for TPE.

NLR and PLR are two meaningful measures used for
ruling in or out target disease. PLR >10 or NLR <0.1 suggests
high accuracy for ruling out or ruling in target disease [40].
The PLR of PE sIL-2R was 10.5 (95% CI: 3.2-34.3), indi-
cating that patients with TPE have about ten times higher
chance of a positive PE sIL-2R compared to non-TPE pa-
tients. On the other hand, the NLR for PE sIL-2R was 0.20
(95% CI: 0.16-0.27), indicating that non-TPE patients have
an approximately five times higher chance of negative PE
sIL-2R than TPE patients. Considering that the post-test
probability (predictive value) of the index test was affected
by both likelihood ratio and the prevalence of target disease,
we summarized PPV and NPV of PE sIL-2R at different
prevalence. Notably, the NPV of sIL-2R was 98.92% when
the prevalence of TPE is 5%, indicating that the patients in
low TPE prevalence areas with negative sIL-2R have an
extremely low probability of TPE. Therefore, negative PE
sIL-2R can be used for ruling TPE in low TPE prevalence
areas. While in high TPE prevalence areas, the PPV is only
91.01%. In our opinion, positive sIL-2R cannot be used for
confirming TPE under such condition.

In this study, QUADAS-2 was used to evaluate the
quality of the included studies. We observed bias in patient
selection and index test. Some of the eligible studies did not
report whether the participants were consecutively enrolled
and did not avoid inappropriate exclusion, which may
impair the representativeness of the subjects in eligible
studies. Most studies did not use a prespecified cut-off to
define positive results, which may overestimate the diag-
nostic accuracy of PE sIL-2R [18]. Future studies are needed
to rigorously evaluate the diagnostic accuracy of sIL-2R.

In addition to pooling sensitivity and specificity, het-
erogeneity exploration is also an aim of meta-analysis. In this
meta-analysis, significant heterogeneity was observed in
eligible studies (I* = 96%). Therefore, we performed a meta-
regression to explore the possible sources of heterogeneity.
We found that the type of data collection, reference for TPE
diagnosis, country source of study, and sample size were not
the sources of heterogeneity. This result may be due to the
fact that the number of eligible studies was small (n=09).
Further studies are needed to address this issue.

To present, many soluble markers in PE have been
proposed to diagnose TPE, which have been summarized in
our previous review [9]. Generally, ADA [41], IFN-y [11],
and IL-27 [42] represent the most promising diagnostic
marker. ADA is an immunosuppressor that can prevent
excessive inflammatory response by catalyzing the deami-
nation of adenosine [43]. IFN-y and IL-27 are released by
T cells or activated antigen-presenting cells in response to
Mtb [44, 45]. Compared with these markers, the diagnostic
accuracy of sIL-2R is inferior. Under such condition, the
clinical implication of PE sIL-2R is limited. In our opinion, it
only can be used in the case where ADA, interferon-y, and
interleukin-27 cannot be tested.

The present systematic review and meta-analysis has
some limitations. The major limitation of this study is the
number of eligible study is small. In addition, although we
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TaBLE 4: Positive and negative predictive values of sIL-2R with different prevalence of TPE in the target population.

Prevalence of TPE (%) Positive predictive value (%) Negative predictive value (%)

5 34.76 98.92
10 52.94 97.76
20 71.68 95.09
30 81.27 91.87
50 91.01 82.88
70 95.94 67.48
TABLE 5: Meta-regression analysis.
Sensitivity Specificity % in joint model
Number of ) . .
Parameter Category study Estimates (95% p Estimates (95% p Estimates (95% p
CI) value CI) value CI) value
. Yes 6 0.82 (0.76-0.88) 0.94 (0.84-1.00) 0.00 (0.00-1.00)
Asia No 3 0.79 (0.70-0.89) %2 0589 (0.68-1.00) % 0.77
. Yes 4 0.83 (0.77-0.88) 0.88 (0.70-1.00) 0.00 (0.00-1.00)
Sample size >100 No 5 079 (072-0.87) %% 094 (0.86-1.00) 8! 0.70
. Yes 3 0.83 (0.75-0.90) 0.92 (0.77-1.00) 0.00 (0.00-1.00)
Consecutive No or 0.01 0.50 0.90
enrollment 6 0.80 (0.74-0.87) ’ 0.92 (0.81-1.00) ’ ’
unknown
Yes 3 0.83 (0.75-0.90) 0.92 (0.77-1.00) 0.00 (0.00-1.00)
Prospective design No or 6 0.80 (0.74-0.87) 0.01 0.92 (0.81-1.00) 0.50 0.90
unknown
Treatment response Yes 5 0.80 (0.71-0.88) <001 0.93 (0.81-1.00) 0.49 0.00 (0.00-1.00) 0.88
used No 4 0.82 (0.76-0.88) 092 (0.77-1.00) :
1.0
®O __
;T T T T D =~
C?}/“’_‘ /,/’ ®
\\@_@,—”
fn)
Z
Z 05
&
3
00 T 1
1.0 0.5 0.0
specificity

O Observed Data
Summary Operating Point
¢ SENS=0.81[0.76-0.86]
SPEC = 0.92 [0.77-0.98]
SROC Curve
" AUC-0.82 [0.79-0.86]

—— 95% Confidence Contour

FIGURE 3: SROC curve for sIL-2R in pleural effusion. SENS, sensitivity; SPEC, specificity; AUC, area under the ROC curve.
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performed a meta-regression to explore the possible sources
of heterogeneity but failed to identify the possible sources.

5. Conclusion

In conclusion, our results reveal that PE sIL-2R seems to be a
useful diagnostic marker for TPE. However, given the im-
proper study design, further rigorous studies are needed to
evaluate the diagnostic accuracy of pleural fluid sIL-2R for
TPE. sIL-2R shows inferior diagnostic accuracy when
compared with the most promising diagnostic markers.
Therefore, PE sIL-2R is not preferred for TPE diagnostics at
the current stage.
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