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Adenosine deaminase 2 (ADA,) is reported as a novel diagnostic biomarker for tuberculous pleural effusion (TPE) in many
studies. This meta-analysis was conducted to systematically evaluate the general diagnostic performance of pleural ADA, in TPE.
After searching for relevant studies that investigated the diagnostic performance of pleural ADA, in TPE in several databases, we
assessed and selected eligible studies to calculate pooled parameters by STATA 16.0 software. A final set of thirteen studies entirely
met the inclusion standards and were used to calculate pooled parameters in our meta-analysis. Among them, there were nine
English studies and four Chinese studies. The pooled parameters of pleural ADA, in diagnosing TPE were summarized as follows:
sensitivity, 0.91 (95% CI: 0.86-0.95); specificity, 0.93 (95% CI: 0.92-0.95); positive likelihood ratio, 13.9 (95% CI: 10.6-18.3);
negative likelihood ratio, 0.09 (95% CI:0.06-0.16); diagnostic odds ratio, 147 (95% CI: 76-284); and the area under the curve, 0.95
(95% CI: 0.93-0.97). Pleural ADA, is a reliable indicator with excellent accuracy in TPE diagnosis. However, we need to combine

pleural ADA, with diverse examinations to diagnose TPE in clinical practice.

1. Introduction

Tuberculosis (TB) is the most common cause of morbidity and
mortality in many low-income and middle-income countries,
with an estimated 10.0 million cases in 2019, according to the
World Health Organization (WHO) [1]. In adult patients in-
fected with Mycobacterium tuberculosis, extrapulmonary tuber-
culosis accounts for 25% of the disease. The pleura is the second
leading site of extrapulmonary tuberculosis, next to the lymph
nodes [2]. The involvement of the pleura by Mycobacterium
tuberculosis can result in the generation of excessive pleural ef-
fusion, also named as tuberculous pleural effusion (TPE).
Pleural effusion is common in clinical contexts and can
be induced by diverse primary diseases, such as malignant

tumors, pneumonia, tuberculosis, congestive heart failure,
and pulmonary embolism [3]. Although TPE is common in
the clinical context, its diagnostic confirmation is still in-
tricate. The gold standard for TPE diagnosis is microbiology
or biopsy [4]. Nevertheless, these conventional methods are
not always helpful in identifying TPE since they have some
limitations. Culturing M. tuberculosis can offer 100% di-
agnostic specificity. However, culturing pleural effusion has
a relatively low positive rate (approximately 25-37%), and it
usually takes several weeks [5]. Pleural biopsy is an invasive
procedure with various complications that require extended
expertise and precision equipment. However, it cannot be
carried out in all hospitals [4, 6]. Therefore, it is vital to
explore and develop less invasive diagnostic methods.


mailto:shen_yongchun@126.com
mailto:lidajiang@wchscu.cn
https://orcid.org/0000-0002-8142-1792
https://orcid.org/0000-0002-6931-9955
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2022/7078652

Records identified through
database searching through other sources
(n=351) (n=2)

Additional records identified

!

Records after duplicates removed
(n=279)

Records excluded by
Records screened titles and abstracts
(n=32) (n-247)

Full-text articles assessed for eligibility
(n=13)

Full-text articles excluded, with reason

(n=19)

n=10 lack of data

n=7 fewer than 20 subjects

n=2 irrelevant to the diagnostic performance of ADA,

Studies included in qualitative
synthesis (meta-analysis)
(n=13)

FIGURE 1: PRISMA flowchart of the selection process.

Currently, pleural adenosine deaminase (ADA) is widely
applied to examine tuberculous pleural effusion (TPE) [7]. ADA
is distributed among various human tissues, and it can convert
adenosine to inosine [8, 9]. This enzyme consists of three forms:
ADA,, ADA,,, and ADA,. Studies have shown that pleural
ADA and its isozymes apparently increase in TPE, ADA, is
more specific than total ADA, and ADA, occupies the majority
of the total ADA activity [8]. Mohammadtaheri et al. reported
that the diagnostic accuracy of pleural ADA and ADA, in TPE
was 88% and 93.5%, respectively. The isoenzyme ADA; in-
creased in both monocytes and lymphocytes, whereas ADA,
was derived from monocytes-macrophages [10]. Patients with
parapneumonia, lymphatic gland tumors, malignant tumors,
and collagen vascular disease (related to the cellular activation
of lymphocytes) have a high level of pleural ADA, which causes
frequent false-positive results [5]. So, separated ADA isozymes
may help distinguish the root of pleural effusion. Most studies
have suggested that pleural ADA is a reliable biomarker for
differentiating TPE from other effusions [11], but there is little
information about ADA, alone. Therefore, to illustrate the
potential of pleural ADA, to detect TPE, we comprehensively
reviewed and analyzed the available literature.

2. Methods

2.1. Literature Search Strategy. We performed this meta-
analysis under the guidance of the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) [12]. Embase,

Web of Knowledge, PubMed, CNKI, WEIPU, and WanFang
databases were searched by two investigators (TZ and BL) in-
dependently for primary articles that investigated the diagnostic
value of ADA, in TPE and that were published until November
2021. The search strategy was made as follows: “adenosine de-
aminase or ADA or adenosine deaminase isoenzymes or ADA
isoenzymes or ADA,” and “tuberculosis” and “pleural effusion or
pleural fluid or tuberculous pleurisy” and “sensitivity or speci-
ficity or accuracy.” We even manually searched the references or
relevant meta-analyses to identify other potential studies.

2.2. Study Selection. The same two reviewers (TZ and BL)
assessed all the literature independently to find qualified
studies. Once there was any divergence, the agreement was
reached by negotiation. Our meta-analysis contained a final set
of studies that fit the following criteria: (1) literature type: an
original study that reported diagnostic specificity and sensi-
tivity to form the complete diagnostic two-by-two table and
written in Chinese or English; (2) diagnostic methods: a study
that used the gold standard for definitive diagnosis and esti-
mated the diagnostic ability of ADA, in TPE. Excluding studies
were as follows: conference abstracts, editor’s comments, du-
plicate studies, and studies containing fewer than 20 patients.

2.3. Study Quality Assessment and Data Abstraction. Two
authors (TZ and BL) applied the Quality Assessment of
Diagnostic Accuracy Studies-2 tool (QUADAS-2) to



TaBLE 1: A clinical summary of the included studies.

Sample Aetiology of non- Testing Cutoff
First author Year Country . Gold standard value TP FP FN TN
size TPE method
(U/L)
Malignant,
. . parapneumonic, . . . Giusti’s
Valdés [18] 1996  Spain 350 CHF, empyema, Microbiology or biopsy method 40 76 11 0 263
and others
Malignant and Giusti and
Gorguner [19] 2000 Turkey 87 5 ) Microbiology or biopsy ~ Galanti’s 29 33 4 3 47
parapneumonic
method
GAO [20] 2005 China 190 Malignant Clinical diagnosis "% 375 119 4 2 45
Mali t, -
Mohammadtaheri para;nlfél;r:)nic Giusti and
2005 IRAN 93 » Microbiology or biopsy  Galanti’s 42 30 7 1 55
[21] transudates, and
method
others
Giusti and
Nella [22] 2009 India 34 Malignant Microbiology or biopsy  Galanti’s 60 18 1 4 11
method
Malignant,
bacterial, . . Giusti and
Zemlin [23] 2000 South g empyema, _ Microbiology or - "o fbs 406 355 30 10 484
Africa biopsy + clinical diagnosis
transudates, and method
others
Li [24] 2009 China 64 Malignant Microbiology + clinical NA 197 30 1 6 27
diagnosis
Malignant, Microbiology or
Shi [25] 2011 Taiwan 155 parapneumonic,  biopsy + antituberculosis NA 24 29 7 3 116
CHF, and others treatment
. . . Giusti and
Keng [26] 2013 Taiwan 88 Malignant and =~ Microbiology or - "ol 13 6 4 5 53
others biopsy + clinical diagnosis
method
Li [27] 2014 China 90 Malignant Microbiology or biopsy Mg:glggs 2045 36 3 11 40
Malignant and . . . Giusti’s
Yurt [28] 2014 Turkey 93 others Microbiology or biopsy method 2037 41 7 2 43
Wang [29] 2020 China 52 Malignant Clinical diagnosis Enzyme 04 23 0 6 23
colorimetry
Malignant, Microbiology or Muraoka’s
Zhang [30] 2020 China 155 parapneumonic,  biopsy + antituberculosis method 26 29 7 3 116

CHF, and others

treatment

NA, not available; FN, false-negative; FP, false-positive; TN, true-negative; TP, true-positive; CHF, congestive heart failure.

evaluate the methodological quality of the studies [13, 14],
which involved four domains for assessments. The RevMan
5.3 software was used to make the quality evaluation form.

After browsing all the selected studies, TZ and BL
extracted several critical data using a standardized extraction
form. The form is composed of several elements as follows:
authors, publication year, country, testing method, gold
standard, cutoff value, and 2x2 contingency tables. A
consensus-based discussion was held if any disagreements
occurred in this assessment procedure.

2.4. Statistical Analysis. We extracted critical data from
these eligible studies and then calculated TP, TN, FP, and
FN. All data were collected and summarized in Excel for
future analysis. Review Manager 5.4 (The Cochrane Col-
laboration, Copenhagen, Denmark) was used to plot the

study selection flowchart. STATA 16.0 (Stata Corp., College
Station, TX) was recommended for deep statistical testing. A
bivariate random-effect model was performed to calculate
merged estimates of sensitivity, specificity, positive likeli-
hood ratio (PLR), negative likelihood ratio (NLR), and di-
agnostic odds ratio (DOR), and their 95% confidence
intervals (CIs) [15]. A summary receiver operating char-
acteristic (SROC) curve was constructed to determine
whether a threshold effect existed in the study. The area
under the curve (AUC) was also calculated to demonstrate
the integrated diagnostic value of ADA, [6, 16]. There were
inevitable variations among studies, and these variations
may lead to significant heterogeneity. P <0.05 or the in-
consistency index (I?) >50% illustrated that heterogeneity
existed among studies apparently. The meta-regression
analysis was essential to seek a possible source of hetero-
geneity. The following covariates were considered as possible
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FIGURE 2: Summary of QUADAS-2 assessments of the included studies. QUADAS-2, Quality Assessment of Diagnostic Accuracy Studies-2.
Four fields included are the patient selection methods, index test, reference standard, and flow and timing.

sources of heterogeneity: publication year (before 2010 vs.
after 2010), country (China vs. others), subject (<100 vs.
>100), testing method (Giusti’s method vs. others), and
ADA, cutoff value (<30 U/L vs. 230 U/L). Deeks’ funnel plot
was made by STATA 16.0 software to detect publication bias
in the included studies [17]. To better interpret the clinical
sense of measuring ADA,, the Fagan nomogram was drawn
to compute posttest probability (PTP). A two-sided test was
used in the statistical analysis, and P < 0.05 was considered
significant.

3. Results

According to the search strategy, the preliminary search
generated 353 articles. Seventy-four duplicate articles were
removed after comparison. By screening the titles and ab-
stracts, 247 articles were removed because they were not
original studies or irrelevant to our analysis. We excluded 19
articles after carefully reading the details of the articles; the
reasons for deletion were that they had no concern with the
diagnostic performance of ADA,, they involved fewer than

20 subjects, or they had too little data to make sense. Only 13
eligible studies met the inclusion criteria [18-30]. Among
them, there were nine English studies and four Chinese
studies. The study selection process is shown in Figure 1.

3.1. Study Characteristics. Table 1 generalizes the details of
the 13 studies, including 921 TPE patients and 1,409 non-
TPE controls (an average of 180 subjects for each study,
ranging from 34 to 879). Two studies only made clinical
diagnosis, evidenced by clinical symptoms, radiology,
pleural effusion detection, and the reaction to antituber-
culous treatment [20, 29]. In comparison, the gold standard
method, such as microbiology or biopsy, was performed in
the other 11 studies. Seven studies measured ADA, levels
using Giusti and Galanti’s method; three studies referred to
Muraoka’s method; one study used enzyme colorimetry; and
the remaining two studies did not report such information.
Of the 13 studies, one study was retrospective [23], six
studies were prospective [21, 24, 26-28, 30], and the others
did not report.
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F1GuRe 3: Forest plots of sensitivity and specificity for ADA2. The pooled sensitivity was 0.91 (95% CI: 0.86-0.95), and the pooled specificity

was 0.93 (95% CI: 0.92-0.95).

3.2. Quality of the Included Studies. The methodological
quality of the 13 eligible studies was assessed by QUADAS-2,
as shown in Figure 2. We made different responses to each
item on the assessment form. The controversy was resolved by
the consensus of the two authors [31]. Most studies had a high
risk of bias owing to the selection of patients. For example, ten
studies failed to enroll consecutive or random patients
[19, 20, 22-27, 29, 30] and did not avoid the case-control
study design [18-22, 25, 27, 28]. Almost all studies did not
clearly report whether the gold standard test is independent of
the ADA, measurement, which may cause diagnostic bias.

3.3. Diagnostic Accuracy of Pleural ADA,. After calculating
13 studies, the pooled parameters and their 95% CI were
exhibited as follows: the sensitivity was 0.91 (95% CI:
0.86-0.95); and the specificity was 0.93 (95% CI:
0.92-0.0.95). The above two parameters are displayed in the
forest plot (Figure 3). The PLR was 13.9 (95% CI:10.6-18.3),
and the NLR was 0.09 (95% CI: 0.06-0.16). The DOR was 147
(95% CI: 76-284). The AUC was 0.95 (95% CI: 0.93-0.97)
(Figure 4), representing a high level of differential diagnostic
ability. Fagan’s nomogram for likelihood ratios was used to
illustrate the significance of the clinical application of ADA,
in TPE (Figure 5); with the estimated prevalence (pretest
probability) of TPE in the target population is 20%, if the

patients had a positive ADA,, the posttest probability of TPE
is 78%. While for patients with negative ADA,, the posttest
probability of them to having TPE is only 2% [32].

3.4. Meta-Regression Analysis. P <0.05 and I’ =87 (95% CI:
74-100) suggested significant heterogeneity existed among
included studies, which required further analysis. Therefore,
a meta-regression analysis was performed to detect the
possible sources of heterogeneity. As listed in Figure 6,
specificity was affected by several covariates, such as country,
sample size, and testing method, while sensitivity was not.
Both sensitivity and specificity were significantly affected by
publication year and cutoff value (P < 0.05), indicating that
the heterogeneity was derived from publication year, cutoff
value, or other unknown covariates.

3.5. Publication Bias Evaluation. The apparent asymmetric
shape of Deeks’s funnel plot and P value = 0.02 indicated that
publication bias existed among the included studies (Figure 7).

4, Discussion

Considering that conventional diagnostic methods are
time-consuming and related to the risk of complications
in practice, several biomarkers have been proposed as
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alternatives to diagnose TPE [20, 26-28]. Among these
markers, ADA, receives a lot of attention as a major
component in total ADA. Variable diagnostic accuracy
has been reported in studies when measuring pleural
ADA,, prompting us to conduct this meta-analysis to
evaluate its actual diagnostic value. Our meta-analysis
extracted and pooled the data from 13 eligible studies, and
the results suggested that pleural ADA, played a role in
differentiating TPE from other types of pleural effusion.
However, in the clinic, the diagnosis of TPE should not
rely on pleural ADA, alone but in combination with some
traditional measurements.

The diagnostic value of ADA in TPE has been extensively
investigated, but little attention has been given to pleural ADA,
in recent years. Previous studies found that ADA, levels in-
creased in some diseases, such as rheumatoid arthritis, tu-
berculosis, T cell lymphoblastic malignant tumor, autoimmune
liver disease, and acquired immunodeficiency syndrome
(AIDS) [33-35]. ADA, exists in monocytes-macrophages and
resists immune suppression induced by elevation of adenosine
at the time of infection [7, 9, 36]. Several studies assessed the
status of pleural ADA, activity in TPE and found that pleural
ADA, level accounted for approximately four-fifths of the total
ADA level in TPE [37]. Pleural ADA, shows the potential as a
diagnostic marker for TPE.

Our results show that pleural ADA, tends to be a
sensitive and specific biomarker, with high sensitivity (0.91,
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95% CI: 0.86-0.95) and higher specificity (0.93, 95% CI:
0.93-0.95). The sensitivity and specificity are affected by the
threshold value. Thus, we plotted the SROC curve to il-
lustrate the overall diagnostic performance [38]. The AUC
value was 0.95, indicating excellent test accuracy in our
study. DOR is another overall parameter of diagnostic ac-
curacy, reflecting the correlation between diagnosis and
disease. The higher the DOR value is, the better the diag-
nostic efficiency. The mean DOR was 147 (95% CI: 76-284),
suggesting excellent discriminate performance. The PLR and
NLR were also calculated to make it easier to understand the
diagnostic value in the clinical context [39]. PLR > 10 and
NLR <0.1 are strong indicators to confirm and exclude the
diagnosis, respectively [40]. The pooled PLR was approxi-
mately 14, suggesting that the positive result of the pleural
ADA, test in TPE patients was 14-fold higher than in non-
TPE patients. In addition, the pooled NLR value of 0.09
indicated that the probability of false-negative of the pleural
ADA, test was 9%. Our meta-analysis suggests that pleural
ADA, is reliable as an aid in distinguishing TPE from other
pleural exudates.

In this meta-analysis, significant heterogeneity (I”=87.
95% CI: 74-100) was found. The meta-regression analysis
suggested that the cutoff value and publication year resulted
in heterogeneity in both sensitivity and specificity. The
pleural ADA, cutoft value ranged from 12 to 60 U/L in these
studies. There is no definite standard cutoff value in any
country. It changes in different clinical contexts, such as
race, testing instruments, laboratory methodologies, disease
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stages, and history of treatment. Shibagaki et al. reported that
standardized antituberculosis management of TPE patients
decreased pleural ADA, activity [8]. However, only one study
mentioned that the pleural ADA,; level was measured after
excluding TPE patients who received antituberculosis treat-
ment, which may be one of the reasons for the diversity of the
cutoff values [23]. The level of pleural ADA, is also influenced
by other factors, such as smoking and MTB load [7].
However, almost all studies did not report the relevant in-
formation above. We need to distinguish possible con-
founding factors when assessing the diagnostic performance
of pleural ADA, in TPE in the future. Further studies need to
seek an optimal cutoff value in separate clinical contexts and
formulate stricter inclusion criteria to avoid bias. However,
heterogeneity may be from other sources, such as the study
design and blinding method. Our study failed to extract the
information above due to the shortage of data.

Our meta-analysis indicates that pleural ADA, is helpful
for diagnosing TPE. In addition to ADA,, some studies
demonstrated that tumor necrosis factor-alpha (TNF-«),
interleukins (ILs), immunosuppressive acidic protein (IAP),
and interferon-y (IFN-y) were also diagnostic biomarkers
for TPE [20, 26, 41]. Tianrui-Xue reported that the sensitivity
and specificity of the combination of IFN-y and pleural
ADA, were 95.03% and 93.47%, respectively [20]. Further
investigations are needed to examine the combined diag-
nostic ability of pleural ADA, with other biomarkers and the
value of serum ADA, in TPE patients. Since total ADA

measurement is a mature and widely recognized biomarker,
pleural ADA, measurement seems not to have technical
advantages. However, total ADA can increase in many non-
TPE diseases, causing false-positive results. There were
studies which reported that pleural ADA, had higher di-
agnostic accuracy and better specificity than total ADA,
especially in Byelorussian patients with tuberculous pleural
effusion [21, 42, 43]. So, we should investigate more about
pleural ADA, in special patients with TPE in future.

There are several limitations that require attention in our
study. First, although we comprehensively searched several
databases, only 13 published articles in English or Chinese
were included, which may affect the outcome. Second,
heterogeneity existed among the studies, apparently. Al-
though we applied meta-regression analysis to seek the
possible sources of heterogeneity, the exploration was not
enough due to the shortage of data in the included studies.
Third, the assessment of methodological quality was in-
complete, resulting in an “unclear” QUADAS-2. However,
the quality of studies may be one of the sources of het-
erogeneity. Last but not least, Deeks’s funnel plot indicated
that publication bias existed among the included studies. The
representativeness of the included studies is limited and the
positive results are much easier to publish than the negative
results, which leads to publication bias and affects the
combined effect size of our meta-analysis.

Taken together, pleural ADA, is a reliable indicator with
excellent diagnostic accuracy in TPE. Compared with
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traditional diagnostic methods, it is safe, convenient, and
noninvasive. However, we still need to combine pleural
ADA, with various examinations to diagnose TPE in current
clinical practice.
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