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Background: The diagnostic value of pleural effusion mononuclear cells count for
tuberculous pleurisy (TBP) is unclear. We aimed to evaluate the diagnostic value of pleural
effusion mononuclear cells count and its combination with adenosine deaminase (ADA)
in TBP patients.
Methods: We initially analyzed 296 patients with unknown pleural effusion from the
Department of Respiratory Medicine at Provincial People’s Hospital during January
2014 to February 2018. Ultimately, 100 tuberculous pleurisy (TBP) patients and 105
non-tuberculous pleurisy (non-TBP) patients with pleural effusion were investigated in
the current study. Meanwhile, pleural effusion mononuclear cells count and ADA test
were performed to evaluate the diagnostic value for TBP. The sensitivity, specificity,
positive predictive value (PPV), negative predictive value (NPV), positive likelihood ratio
(LR+), negative likelihood ratio (LR–), accuracy and area under the receiver operating
characteristic (ROC) curve (AUC) of pleural effusion mononuclear cells count only and its
combination with ADA for TBP diagnosis were investigated.
Results: (i) The best cut-off value of pleural effusion mononuclear cells count for TBP
diagnosis was 969.6 × 106 /L, with the sensitivity, specificity and accuracy of 76, 57, and
66%, respectively. (ii) Combination of pleural effusion mononuclear cells count and ADA
test suggested diagnostic value for TBP. Specifically, serial test showed the sensitivity,
specificity, accuracy of 65, 90, 78%, respectively, whereas parallel test revealed the
sensitivity, specificity, accuracy of 92, 45, 68%, respectively. The sensitivity of parallel test
(92%) was significantly higher than pleural effusion mononuclear cells count alone (76%)
(X² = 23.19, p < 0.001). (iii) The area under the ROC of pleural effusion mononuclear
cells count and it combined with ADA were 0.66 (95% CI, 0.59–0.72) and 0.83 (95%
CI, 0.78–0.89), respectively, with statistically significant difference (Z = 3.46, p < 0.001).

1

December 2019 | Volume 6 | Article 301

Lei et al.

Combination Test for TBP

Conclusion: This retrospective case-control study demonstrated that pleural effusion
mononuclear cells count is relatively useful for TBP diagnosis. Furthermore, the pleural
effusion mononuclear cells count in combination with ADA can further improve the
diagnostic accuracy of TBP.
Keywords: tuberculous pleurisy, pleural effusion, mononuclear cells count, adenosine deaminase, diagnostic
accuracy

INTRODUCTION

Hospital in China. Samples that meet all the following criteria
were included: (i) Pleural effusion was indicated by either chest
X-ray, chest CT or ultrasound; (ii) Etiology of pleural effusion
was undetermined; (iii) Histopathological examination of pleural
tissue was performed after obtained through thoracoscopy; (iv)
Results of pleural effusion mononuclear cells count and ADA test
were obtained; (v) Complete clinical data of the study subjects
were acquired. In this study, patients were divided into TBP
group and non-tuberculous pleurisy (non-TBP) group by the
gold standard of the pathological results of thoracoscopic pleural
biopsy (Figure 1).
TBP was diagnosed based on any of the criteria as follows
(16–18): (i) Pleural biopsy showed granulomatous inflammation
with or without staining of mycobacteria; (ii) Mycobacterium
Tuberculosis (Mtb) was positive in pleural by using acidfast bacilli staining, culture or PCR. Diagnostic criteria for
non-tuberculous pleural effusion included: (i) There was no
microbiological or histological findings of TB; (ii) Tumor cases
were confirmed by pathology or cytology results; (iii) Other
cases were diagnosed based on patient symptoms, signs, etiology,
imaging findings, and clinical efficacy.
In addition, following medical record information was
collected: (i) Basic information of patients, including gender,
age, and basic diseases; (ii) Results of thoracoscopic pleural
histopathology; (iii) Mononuclear cells count in pleural
effusion; (iv) ADA test in Pleural effusion; (v) Mtb culture
results of pleural tissues or pleural effusin. Basic information,
Mononuclear cells count and ADA of patients can be seen in
Supplementary Table 1.

Tuberculosis (TB) is a serious global public health problem.
The World Health Organization estimated that about 10 million
people developed TB disease in 2017 globally. China is one of
the TB high-risk areas in the world. In 2017, about 889,000
new cases of TB were reported in China, accounting for 9%
of new cases worldwide (1). As a common extrapulmonary TB,
Tuberculous pleurisy (TBP) accounts for 25% of TB cases in
China (2–4). The diagnosis of TBP is difficult (5, 6), with the
thoracoscopic pleural pathology as the gold standard method (7).
However, thoracoscopic pleural biopsy is an invasive operation
with the issues of considerable risks and cost. In addition, yield
and complication rate are dependent on the operator’s skills (8–
10). The operation also has certain limitations in application
for elderly patients and hospitals that lack thoracoscopic surgery
(10). Further study is needed to investigate less invasive or
even non-invasive methods with high accurate diagnosis. Pleural
fluid adenosine deaminase (ADA) test is widely used in clinical
practice. However, its sensitivity and specificity in the diagnosis
of TBP vary greatly (11, 12). Lymphocytes and monocytes in
TBP pleural effusions were reported significantly increased. The
proportion of lymphocytes and monocytes also had certain
clinical significance in the diagnosis of TBP (13, 14). However,
lymphocytes and monocytes in pleural effusions are usually
not differentiated in clinical practice. Currently, automated
blood analyzers are widely used to count mononuclear cells,
which include lymphocytes and monocytes (15). Therefore, we
hypothesized that, combined with ADA test, pleural effusion
mononuclear cells count may contribute to the diagnosis of
TBP. This retrospective case-control study aimed to evaluate the
diagnostic value of pleural effusion mononuclear cells count and
its combination with ADA in TBP patients. We hope to provide a
new method for the diagnosis of TBP that is accurate, simple and
less invasive.

Test Methods
Thoracoscopy examination of all the enrolled subjects was
performed by using Olympus LTF-240 (Olympus Corporation,
Japan) in the bronchoscopy room at Henan Provincial People’s
Hospital. Briefly, the puncture point was determined by chest
imaging or ultrasound findings. Conventional disinfection was
conducted followed by local anesthesia with 10 ml 2% lidocaine.
The standard thoracoscopic procedure was then performed.
Finally samples for biopsy at multiple sites in the parietal pleural
lesion was taken for further examination. Pleura specimens were
fixed with 4% formaldehyde, and followed by HE staining and
acid-fast staining. PCR was also applied to detect Mtb by PCR
instrument ABI 7500 (ABI, USA).
Pleural effusion mononuclear cells count, pleural effusion
ADA test, and pleural effusion TB culture test were conducted in
accordance with standard operating procedures strictly. Pleural
effusion ADA was determined using Siemens ADVIA2400

MATERIALS AND METHODS
Study Design and Subjects
This retrospective case-control study was conducted using
pleural effusion samples from 296 patients between January 1,
2014 and February 28, 2018 from Henan Provincial People’s
Abbreviations: ADA, adenosine deaminase; TBP, tuberculous pleurisy; Non-TBP,
non-tuberculous pleurisy; PPV, positive predictive value; NPV, negative predictive
value; LR+, positive likelihood ratio; LR–, negative likelihood ratio; ROC, receiver
operating characteristic; AUC, area under the receiver operating characteristic
curve.
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FIGURE 1 | Flowchart of the study population. A total of 296 patients with undetermined pleural effusion were recruited initially. Two hundred and five patients were
included in the final analysis.

pathology were unknown to laboratory technicians. The pleural
effusion mononuclear cell count and ADA test results were
unknown to pathologists either.

biochemical analyzer (Siemens, Germany). The pleural
effusion mononuclear cells count was measured by Sysmex
xn-9000 automatic blood analyzer (Sysmex Corporation,
Japan). The pleural effusion Mtb culture was performed
using BACTECMGIT 960 rapid culture instrument (BD
Corporation, USA).
Sample volume was calculated according to the formula of the
sample size for diagnostic study n = [Ua2P(1-P)]/δ2 (19). 1.96 is
the Ua value for a 95% confidence level. P represents sensitivity
when used to calculate patients group and specificity when used
to calculate the control group. δ is the allowable error, and usually
is set at 0.05. Previous studies showed that the sensitivity and
specificity of pleural effusion ADA in the diagnosis of tuberculous
pleurisy are 93.6 and 90.9%, respectively (20). Our current study
eventually included 205 patients, including 100 TBP patients.

Pleural Effusion Mononuclear Cells Count
and ADA Test Combination
The receiver operating characteristic (ROC) curve of pleural
effusion mononuclear cells count and ADA level for diagnosis
of TBP was plotted. When the index was the maximum, the
corresponding was the optimal critical value. If the count of
pleural effusion mononuclear cells and ADA level were greater
than their respective optimal critical values, the diagnosis result
was determined to be positive. The combination test includes
parallel test and serial test. Parallel test means that two screening
tests performed at the same time and the results are subsequently
combined. In our current study, parallel test refers to pleural
effusion mononuclear cell count and pleural effusion ADA were
test simultaneously. The diagnosis is positive as long as one of the
results is positive. Serial test means that second screening test is
performed only if the result of the first screening test is positive.
In our current study, it refers to the pleural effusion mononuclear
cell count and pleural effusion ADA were tested serially in order

Blind Method
The pleural effusion mononuclear cells count and pleural effusion
ADA test were operated by laboratory technicians independently.
Pleural pathological results were judged independently by two
pathologists. The third pathologist would be involved when
the opinions were inconsistent. The results of subjects’ pleural
Frontiers in Medicine | www.frontiersin.org
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to conduct diagnosis. The combined diagnosis is positive only
when the results of both tests are positive.

TABLE 1 | Clinical characteristics of 205 patients with pleural effusion.
Characteristics

Statistical Analysis

Non-TBP group

(n = 100)

(n = 105)

45.9 ± 18.6

61.0 ± 14.3

<0.001

Male

70 (70)

75 (71.4)

0.822

Female

30 (30)

30 (28.6)

Age, y (mean ± SD)

Statistical analysis was performed using SPSS version 22.0 (SPSS
Inc., Chicago, IL, USA). Continuous variables were defined
means ± standard deviation; categorical variables were given
as percentage. The independent sample t test or the MannWhitney U test was used for the continuous variables and the chisquare test for categorical variables. Diagnostic performance was
evaluated using sensitivity, specificity, positive likelihood ratio
(LR+), negative likelihood ratio (LR-), positive predictive value
(PPV), and negative predictive value (NPV). ROC curves were
plotted to assess the diagnostic performance of pleural effusion
mononuclear cells and ADA followed by areas under the ROC
curve (AUCs) calculation. In addition, optimal cut-off values
were obtained by ROC analysis, and ROC analysis based on the
multivariate logistic regression model was conducted to assess the
diagnostic value of the combined assays. Significance was inferred
for p < 0.05.

p-value

Gender (n, %)

Underlying condition or illness
(n, %)
Alcoholism

26 (26)

34 (32.4)

0.316

Tobacco

37 (37)

53 (50.1)

0.052
0.033

Diabetes

8 (8)

19 (18.1)

22 (22)

24 (22.9)

0.883

Arrhythmia

1 (1)

8 (7.6)

0.049

Coronary heart disease

2 (2)

10 (9.5)

0.022

Chronic gastritis

0 (0)

8 (7.6)

0.014

Brain infarction

5 (5)

10 (9.5)

0.214

COPD

0 (0)

2 (1.9)

0.498

Bronchial asthma

1 (1)

2 (1.9)

1.000

Rheumatologic disease

1 (1)

5 (4.8)

0.237

Hyperthyroidism

1 (1)

1 (1)

1.000

Solid tumor

3 (3)

1 (1)

0.579

Chronic viral hepatitis B

2 (2)

4 (3.8)

0.723

Hypertension

RESULTS

Previous TB infection history

Study Patients

Prior TB treatment

A total of 296 patients with undetermined pleural effusion were
enrolled initially. Ninety one patients were excluded for lack
of results either thoracoscopic pleural biopsy, pleural effusion
mononuclear cells count, or ADA. Finally a total of 100 TBP
patients (70 males and 30 females) and 105 non-TBP patients
(75 males and 30 females) were investigated in this study.
Clinical characteristics of 205 patients with pleural effusion can
be seen in Table 1. TBP group consisted of one tuberculous
pyopneumothorax patient, one tuberculous empyema patient
and six TBP patients with pulmonary TB. Details of diseases
classification for 105 non-TBP patients with pleural effusion can
be seen in Table 2.

Prior glucocorticoid use

0 (0)

4 (3.8)

0.143

11 (11)

12 (11.4)

0.923

2 (2)

0 (0)

0.237

TBP, tuberculous pleurisy; Non-TBP, non-tuberculous pleurisy.

Diagnostic Value of the Combination of
Pleural Effusion Mononuclear Cells Count
and ADA
The sensitivity, specificity, positive predictive value, negative
predictive value, accuracy, positive likelihood ratio, and negative
likelihood ratio of the serial test were 65, 90, 87, 73, 78%, 6.83,
0.39, respectively; Above evaluation indexes of parallel test were
92, 45, 61, 85, 68%, 1.67, 0.18, respectively (Table 3).
The specificity of serial test that pleural effusion mononuclear
cells count combined with ADA (90%) for TBP diagnosis was
significantly higher than that of pleural effusion mononuclear
cells count alone (57%) (X² = 12.27, p = 0.000), the sensitivity
(65%) was lesser than that of pleural effusion mononuclear cells
count (76%) (X² = 58.65, p = 0.000); The sensitivity of parallel
test that pleural effusion mononuclear cells count combined with
ADA (92%) for the diagnosis of TBP was significantly higher than
that of pleural effusion mononuclear cells count (76%) (X² =
23.19, p = 0.000), the specificity (45%) was lower than that of
pleural effusion mononuclear cells count (57%) (X² = 63.82, p =
0.000) (Table 3).
The area under the ROC of pleural effusion mononuclear
cells count and pleural effusion mononuclear cells count
combined with ADA for TBP was 0.66 (95% CI, 0.59–0.72), 0.83
(95% CI, 0.78–0.89), respectively. It was statistically significant
difference in area under ROC curve between the pleural effusion

Diagnostic Value of Pleural Effusion
Mononuclear Cells Count
When the largest index of the pleural effusion mononuclear
cells count for TBP diagnosis was 0.33, the best cut-off
of TBP was 969.6 × 106 /L. The sensitivity, specificity,
positive predictive value, negative predictive value,
accuracy, positive likelihood ratio, negative likelihood
ratio, and were 76, 57, 63, 71, 66%, 1.77, and 0.42,
respectively (Table 3).

Diagnostic Value of ADA
When the largest index of the ADA for TBP diagnosis was 0.59,
the best cut-off of ADA was 27 U/L. The sensitivity, specificity,
positive predictive value, negative predictive value, accuracy,
positive likelihood ratio and negative likelihood ratio were 81, 78,
78, 81, 80%, 3.70, and 0.24, respectively (Table 3).
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TABLE 2 | Non-tuberculous pleurisy patients with pleural effusion diseases
classification.
Classification of diseases

Number

Proportion (%)

Empyema

11

10.48

Pneumonia effusion

23

21.90

Pulmonary embolism

1

0.95

Pulmonary contusion

1

0.95

Thoracic cyst

1

0.95

Sepsis

1

0.95

Liver cirrhosis

1

0.95

Microscopic polyangiitis

1

0.95

Nephrotic syndrome

1

0.95

Acute glomerulonephritis

1

0.95

Constrictive pericarditis

2

1.90

Heart failure

4

3.81

Hypoalbuminemia

1

0.95

Malignant pleural effusion

56

53.33

TABLE 3 | Diagnostic performance of pleural effusion mononuclear cells count,
ADA and combination diagnostic test (n = 205).
Sensitivity Specificity PPV
(%)
(%)

NPV

LR+ LR–

FIGURE 2 | Receiver operating characteristic curve in pleural effusion
mononuclear cells and pleural effusion mononuclear cells count combination
with ADA for TBP diagnosis. The area under the ROC of pleural effusion
mononuclear cells and combined test was 0.66 (95% CI, 0.59–0.72), 0.83
(95% CI, 0.78–0.89) (Z = 3.46, p < 0.05).

Accuracy
(%)

Mononuclear
cells count

76*

57#

0.63

0.71

1.77

0.42

66

ADA (>27
U/L)

81

78

0.78

0.81

3.70

0.24

80

Serial test

65

90#

0.87

0.73

6.83

0.39

78

Parallel test

92*

45

0.61

0.85

1.67

0.18

68

(22, 23). However, due to the lack of specificity of the clinical
features of this disease, it is difficult to distinguish TBP from
malignant pleural effusion and pneumonia-like pleural effusion,
making the diagnosis difficult.
Transthoracic pleural biopsy is commonly used in recent
years. Pleural pathology showing granulomatous inflammation
with acid-fast staining or positive culture of Mtb is the gold
standard for the diagnosis of TBP (16–18). However, the
thoracoscopic pleural biopsy is invasive and expensive operation
with certain surgical trauma and postoperative complications.
Some elderly patients cannot tolerate the procedure. In addition,
a large number of patients in China with TBP are admitted to
primary or secondary hospitals lack of thoracoscopy equipment,
which made TBP difficult to be diagnosed in a timely manner for
the patients in those hospitals. More accurate, simple, and less
invasive diagnostic methods are urgently needed. TBP patients
often have pleural effusion during the active phase. Therefore, the
diagnosis of TBP through thoracentesis with the assistance of cell
types measurement, various enzymes and inflammatory factors
in pleural effusion has become a hot topic of research.
Lymphocytes and monocytes in pleural effusion increase
significantly after Mtb infection (13, 14). The proportion of
lymphocytes and the ratio of monocytes have certain diagnostic
value for the diagnosis of tuberculous pleurisy. The literature
reported that when the pleural effusion lymphocyte is >64%,
the sensitivity and specificity of diagnosis of TBP could reach to
89.1 and 76.4% (24). Another report revealed that the sensitivity
and specificity of the proportion of lymphocytes (LP ≥ 50%) in
pleural effusion combined with ADA greater or equal to 40 U/L

PPV, positive predictive value; NPV, negative predictive value; LR+, likelihood ratio for
positive test; LR-, likelihood ratio for negative value; # X² = 12.27, p = 0.000, comparison
of the specificity among pleural effusion mononuclear cells and Serial test; *X² = 23.19,
p = 0.000, comparison of the sensitivity among pleural effusion mononuclear cells and
Parallel test.

mononuclear cells count and the combination test for TBP
diagnosis (Z = 3.46, p < 0.001) (Figure 2).

DISCUSSION
Cellular immunity is the most important immune protection
mechanism for Mycobacteria infection. Macrophages in the
alveoli secrete a large number of interleukin-1 (IL-1), interleukin6 (IL-6), tumor necrosis factor-α (TNF-α), and other cytokines,
so that lymphocytes and monocytes are accumulated in
mycobacterial invasion sites and followed by granulomas
formation. TBP could infect the pleura through various routes,
causing exudation, hyperplasia, and necrotic inflammation which
mainly consisted of lymphocyte and monocyte infiltration.
Unlike TB, patients with tuberculous pleural effusion usually have
an acute febrile illness with nonproductive cough and pleuritic
chest pain, night sweats, chills, weakness, dyspnea, and weight
loss can also occur (4, 21). If it is not diagnosed and treated in
time, TBP often leads to serious complications such as pleural
thickening, calcification, empyema, bronchopleural fistula, etc.
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happen, causing irreversible restrictive ventilation dysfunction
if TBP is misdiagnosed. Therefore, it is more important to
reduce the rate of misdiagnosis and improve the sensitivity of
the diagnostic test. As a result, we recommended parallel test for
pleural effusion mononuclear cell count combined with ADA.
In this study, the two study groups were different in age
and chronic diseases, such as diabetes, arrhythmia, coronary
heart disease, chronic gastritis. One study indicated that pleural
tuberculosis was most commonly seen in adolescents and young
adults (28), which was similar with this study. Another study
found out that, compared with tuberculosis patients who had
diabetes, the incidence of pleurisy is reduced in the tuberculosis
patients who do not have diabetes (29). That study suggested
that diabetes has a certain impact on the occurrence of TBP.
No other chronic diseases (arrhythmia, coronary heart disease,
chronic gastritis) have been found to affect TBP. Our findings
suggested that future research needs to further study the effects
of the above chronic diseases on TBP.
Finally, it is worthwhile to note that the quality of the
study might be not as good as the cross-sectional study in the
same period due to the characteristic of retrospective study. In
addition, the patients in this study were enrolled in grade III
hospital in China with relatively severe symptoms. Therefore, the
selective bias in the population might occur. Simultaneous crosssectional studies can be used in the future to further investigate
the value of combination test of pleural effusion mononuclear
cells count and ADA for the diagnosis of TBP.
In summary, pleural effusion mononuclear cells count is
helpful in the diagnosis of TBP in our study. Diagnostic
accuracy of TBP was improved when combined with ADA test.
Our findings provide a new diagnostic method which is more
accurate, simple, and less invasive.

for TBP were 86.3 and 98.3%, respectively (13). In addition, the
literature reported the proportion of pleural fluid monocytes cells
(%) was 84.5 combined with the pleural effusion ADA value was
28.7 U/L (14), the sensitivity and specificity for TBP were 57.5 and
98%, respectively. The above results suggest that the proportion
of lymphocytes and the proportion of monocytes are helpful in
the diagnosis of TBP. However, lymphocytes and monocytes in
clinical pleural effusions are usually not separately measured.
The automatic blood analyzer is widely used to detect the count
of mononuclear cells (the main components are lymphocytes,
monocytes and a small number of mononuclear cells from other
sources), which is simple, rapid and accurate (25, 26). Therefore
it has been used as a routine examination item in clinical
laboratories. We hypothesized that pleural effusion mononuclear
cells count might contribute to the TBP diagnosis. Our study
showed that the best cut-off of pleural effusion mononuclear cells
count was 969.6 × 106 /L. Meanwhile, the sensitivity, specificity,
accuracy, area under the ROC of pleural effusion mononuclear
cells count for TBP were 76, 57, 66%, 0.66 (95%CI, 0.59–0.72),
respectively. Our results suggested the value of pleural effusion
mononuclear cells count in the diagnosis of TBP for the first
time. To the best of our knowledge, similar studies have not
been published.
The pleural effusion ADA is of great value in the diagnosis of
TBP (11). In this study, the sensitivity, specificity and accuracy
for diagnosis of TBP were 81, 78, and 80%, respectively. The best
cut-off value of ADA for TBP was 27 U/L, which is similar to 26.5
U/L (27). Garcia-Zamalloa’s study suggested the best cut-off value
of ADA for the diagnosis of TBP was 40 U/L (13). The reasons
of the difference are not clear yet. Study population, different
prevalence rates of TBP, as well as sample sizes might contribute
to the difference, further investigation is needed in the future.
This study further explored combination of pleural effusion
mononuclear cells count and ADA test in order to improve
the accuracy of TBP diagnosis. When combination was used,
the area under ROC curve of combination was 0.83 (95% CI,
0.78–0.89), which was significantly higher than that of 0.66
(95% CI, 0.59–0.72) when pleural effusion mononuclear cells
count was used only (p < 0.05). The difference suggested that
combination of pleural effusion mononuclear cells count and
ADA test were better than pleural effusion mononuclear cells
count was used alone for TBP diagnosis. Our studies also
showed that the sensitivity and specificity of combination test
was significantly higher than that of sensitivity and specificity
when pleural effusion mononuclear cells count was used only for
TBP diagnosis (p < 0.05). Parallel test has higher sensitivity but
lower specificity; as comparison, serial test improves specificity
at the cost of lower sensitivity, which was consistent with our
results. The likelihood ratio increased from 1.77 to 6.83 when
the serial test was used to analyze the results, which indicated
that compared with single nuclear cells count, serial test can
significantly improve diagnostic value of TBP. Meanwhile, the
negative likelihood ratio decreased from 0.42 to 0.18 when the
parallel test was used to analyze the results, which indicated that
parallel test is more appropriate used to exclude the diagnosis of
TBP. The thoracic pleural thickening, adhesion, and even pleural
calcification of the affected side lead to thoracic collapse could
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