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ABSTRACT

Objective: To analyze the value of adenosine deaminase (ADA) level and monocyte ratio in pleural effusion to differentiate 
tuberculous pleurisy from malignant effusion and empyema. 

Methods: One hundred fifteen patients with pleural effusion admitted to our hospital from January 2019 to January 2020 were 
selected and divided into the tuberculous pleurisy group (n = 68), the malignant pleural effusion group (n = 25), and the empyema 
group (n = 22) by pathological examination. After admission, all patients underwent pleural puncture and drainage or catheterization. 
The first pleural effusion was collected and placed in the collection tube for ADA, CA125, nucleated cell count and single-factor 
analysis. The values of ADA, CA125, nucleated cell count and monocyte ratio in each group were compared. An ROC curve was used 
to analyze the value of ADA and CA125 in differentiating tuberculous pleurisy from malignant effusion and empyema.

Results: The proportion of monocytes in pleural effusion of the tuberculous pleurisy group and the malignant pleural effusion 
group was significantly higher than that of the empyema group, and the number of nucleated cells was significantly lower than that of the 
empyema group; the proportion of monocytes in pleural effusion of the tuberculous pleurisy group was significantly higher than that of 
the malignant pleural effusion group, and the number of nucleated cells was significantly lower than that of the malignant pleural effusion 
group (P<0.05). The ADA of the tuberculous pleurisy group and the malignant pleural effusion group was significantly lower than that 
of the empyema group, and CA125 was significantly higher than that of the empyema group; ADA of the tuberculous pleurisy group was 
significantly higher than that of the malignant pleural effusion group, and CA125 was significantly lower than that of the malignant 
pleural effusion group; the difference was statistically significant (P<0.05). ROC curve analysis showed that the AUC of ADA in the 
diagnosis of tuberculous pleurisy was 0.785, the AUC of monocyte ratio in the diagnosis of tuberculous pleurisy was 0.685, the AUC of 
combined diagnosis of tuberculous pleurisy with ADA was 0.845, the AUC of ADA diagnosis of malignant effusion was 0.815, the AUC 
of monocyte ratio in the diagnosis of malignant effusion was 0.715, and the AUC of combined diagnosis of malignant effusion was 0.925.

Conclusion: The level of ADA and the proportion of monocytes in pleural effusion can be used as important test indexes to 
distinguish tuberculous pleurisy from malignant effusion and empyema, and the combination of the two has the highest value and can 
be widely used in clinical practice.
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Introduction

Pleural effusion is a common clinical symptom 
characterized by pathological fluid accumulation 
in the pleural cavity, which is relatively common 
in the elderly(1). At present, the clinical diagnosis 
mainly depends on X-rays, CT scans, and other 
means of imaging examination. Tuberculous 

pleurisy is a pleural inflammation caused by the 
entry of Mycobacterium tuberculosis and its 
autolytic products and metabolites into the pleural 
cavity of the hypersensitive body, and is a common 
cause of pleural effusion(2). At present, skin biopsy, 
acid-fast bacilli smear, and culture in pleural fluid 
have become the gold standard for the diagnosis 
of tuberculous pleurisy. However, smears and 
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cultures are time-consuming and less sensitive, and 
may lead to missed diagnoses and misdiagnoses. 
Two-puncture biopsy is an invasive operation that 
is prone to infection and other complications(3-5).
Therefore, it is of great importance to find a simple, 
quick, repeatable, and non-invasive method for the 
diagnosis of tuberculous pleurisy in early diagnosis 
and treatment. Adenosine deaminase (ADA) is 
a nucleic acid converting enzyme that is closely 
associated with cellular immunity in the body(6). 

Recent studies have found that ADA is 
abnormally expressed in patients with tuberculous 
pleurisy, and it is speculated that there is a connection 
between the occurrence and the development of 
tuberculous pleurisy(7). Nucleated cells in pleural 
effusion include lymphocytes, mesothelial cells, 
neutrophils, eosinophils, plasma cells, and others, 
among which mononuclear cells can be significantly 
increased in the presence of nucleobacter infection(8). 
In this study, 115 patients with pleural effusion 
admitted to the Department of Respiratory Medicine 
in our hospital from January 2019 to January 2020 
were selected as the observation objects. The 
purpose of this study was to analyze the value of 
ADA level and monocyte ratio in pleural effusion in 
differentiating tuberculous pleurisy from malignant 
effusion and empyema.

Materials and methods

General information
A total of 115 patients with pleural effusion 

admitted to the Department of Respiratory Medicine 
in our hospital from January 2019 to January 2020 
were selected. 

Inclusion criteria were as follows: 
• All patients were diagnosed with pleurisy; 
• There were signs of pleural effusion by X-ray 

and ultrasound examination; 
• All patients had no other serious underlying 

diseases; 
• The patients were informed and signed the 

informed consent form. 
Exclusion criteria were as follows: 
• Severe dysfunction of the heart, liver, kidneys, 

or other vital organs; 
• Allergic constitution; 
• Or refusal of this experiment or termination of 

the experiment for other reasons. 
The patients were divided into the tuberculous 

pleurisy group (n=68), the malignant pleural effusion 
group (n=25), and the empyema group (n=22) by 

pathological examination. There were 68 patients in 
the tuberculous pleurisy group, composed of 35 males 
and 33 females, with an average age of (45.06±9.78) 
years old and an average BMI of (20.05±0.98) Kg/m2. 
In the malignant pleural effusion group, there were 
25 patients, composed of 13 males and 12 females, 
with an average age of (45.11±9.85) years old and an 
average BMI of (20.11±0.85) Kg/m2. 

There were 22 patients in empyema group, 
composed of 11 males and 11 females, with an 
average age of (45.01±9.84) years old and an average 
BMI of (20.12±0.25) Kg/m2. There was no significant 
difference in age, sex, or BMI among all groups 
(P>0.05). See Table 1.

Observation indexes
All patients received pleural aspiration or 

catheterization after admission, and the first pleural 
effusion was collected and placed in the collection 
tube for the numerical test of ADA, CA125, nucleated 
cell count and mononuclear cell proportion. ADA 
was used with ZN2005 human adenosine deaminase 
(ADA) ELISA kit provided by Beijing Biolabo 
Technology Co., Ltd. CA125 was tested by KIT 
test kit provided by Hangzhou Washeng Biological 
Technology Co., Ltd., and the nucleated cell count 
and mononuclear cell proportion were tested by 
Cellometer Auto T4 provided by Nilon Biological 
Instruments (Shanghai) Co., Ltd.

Statistical methods
The SPSS 20.0 software package was used 

for the statistical analysis of data in this study. The 
normal distribution of all measurement data was 
expressed as  (x̅±s) after testing. 

One-way ANOVA was used for comparison 
between multiple groups, and an LSD t-test was used 
for pair comparison between groups. Enumeration 
data were expressed as percentages, and a χ² test was 
used for comparison between groups. ROC curve 
was used to analyze the value of ADA and CA125 in 

Group n Age
Gender

BMI
M F

Tuberculous pleurisy group 68 45.06±9.78 35 33 20.05±0.98

Malignant pleural effusion group 25 45.11±9.85 13 12 20.11±0.85

Empyema group 22 45.01±9.84 11 11 20.12±0.25

F 0.000 0.021 0.080

p 0.999 0.989 0.924

Table 1: Analysis of general data of each group (x̅±s).
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differentiating tuberculous pleurisy from malignant 
effusion and empyema. The statistical results were 
considered statistically significant if P<0.05.

Results

Comparison of the proportion of mononuclear 
cells in pleural fluid and nucleated cell count in 
each group

The percentage of mononuclear cells in pleural 
fluid in the tuberculous pleurisy group and the 
malignant pleural effusion group was significantly 
higher than that in the empyema group, and the count 
of nucleated cells was significantly lower than that in 
the empyema group. The percentage of mononuclear 
cells in pleural effusion in the tuberculous pleurisy 
group was significantly higher than that in the 
malignant pleural effusion group, and the nucleated 
cell count was significantly lower than that in the 
malignant pleural effusion group, with statistical 
significance (P<0.05). See Table 2.

Comparison of ADA and CA125 levels in 
each group

ADA in the tuberculous pleurisy group and the 
malignant pleural effusion group was significantly 
lower than the empyema group, and CA125 was 
significantly higher than the empyema group. ADA 
in the tuberculous pleurisy group was significantly 
higher than that in the malignant pleural effusion 
group, and CA125 was significantly lower than 
that in the malignant pleural effusion group, with 
statistical significance (P<0.05). See Table 3.

Value analysis of ADA and CA125 in the 
diagnosis of tuberculous pleurisy                

ROC curve analysis showed that the AUC, 
sensitivity, and specificity of ADA in the diagnosis 

of tuberculous pleurisy were 0.785, 82.46%, and 
85.69%, respectively. The AUC, sensitivity, and 
specificity of monocyte ratio in the diagnosis of 
tuberculous pleurisy were 0.685, 72.54%, and 69.67%, 
respectively. The AUC of tuberculous pleurisy was 
0.845, the sensitivity was 89.67%, and the specificity 
was 85.45%. See Table 4.

Value analysis of ADA and CA125 in 
diagnosis of malignant effusion

ROC curve analysis showed that the AUC of 
ADA diagnosis of nodal malignant effusion was 
0.815, the sensitivity was 83.25%, and the specificity 
was 85.41%. The AUC of the diagnosis of malignant 
effusion was 0.715, the sensitivity was 73.47%, 
and the specificity was 73.54%. The AUC of the 
combined diagnosis of malignant effusion was 
0.925, the sensitivity was 93.01%, and the specificity 
was 92.85%. See Table 5.

Discussion

China has a large population, and there are many 
kinds of respiratory diseases, among which pleural 
effusion is one of the most common. At present, 
most are caused by tuberculosis, empyema, and 
tumors(9): China is a country with a high incidence 

Group
Percentage 

of mononuclear cells 
in pleural fluid (%)

Count of 
nucleated cells (n/L)

Tuberculous pleurisy group 86.35±20.45 2546.31±1850.37

Malignant pleural effusion group 75.52±18.16a 1862.58±1785.34a

Empyema group 33.56±20.15ab 72546.39±16528.52ab

F 58.450 812.200

p <0.001 <0.001

Table 2: Comparison of the proportion of mononuclear 
cells in pleural fluid and nucleated cell count in each 
group (x̅±s). 
Note: a indicates compared to the tubercular pleurisy group, 
P<0.05, and b indicates compared to the malignant pleural 
effusion group, P<0.05.

Group n ADA (U/L) CA125 (μg/L)

Tuberculous pleurisy group 68 62.15±32.15 459.61±452.31

Malignant pleural effusion group 25 20.64±12.45a 877.69±845.21a

Empyema group 22 155.67±133.25ab 77.84±64.38ab

F 28.440 13.650

p <0.001 <0.001

Index AUC Sensitivity Specificity

ADA 0.785 82.46% 85.69%

Monocyte ratio 0.685 72.54% 69.67%

ADA + monocyte ratio 0.845 89.67% 85.45%

Index AUC Sensitivity Specificity

ADA 0.815 83.25% 85.41%

Monocyte ratio 0.715 73.47% 73.54%

ADA + monocyte ratio 0.925 93.01% 92.85%

Table 3: Comparison of ADA and CA125 levels in each 
group (x̅±s).

Table 4: Value analysis of ADA and CA125 in diagnosis 
of tuberculous pleurisy.

Table 5: Value analysis of ADA and CA125 in diagnosis 
of malignant effusion.
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of tuberculosis, ranking second in the world. If 
pleural effusion is not diagnosed and treated in time, 
it will lead to a high rate of disability, which will 
seriously affect the quality of life of patients and 
can even endanger their lives(10). Currently, there are 
many methods to diagnose tuberculous pleurisy, but 
the clinical effects are different. Thoracoscopy is an 
invasive examination method, but it carries certain 
requirements regarding patients and the environment 
and cannot be widely used(11).

ADA is a nucleic acid metabolic enzyme 
required for the conversion of adenine to 
hypoxanthine, and it plays an important role in the 
immune response of the body(12). Acid-fast bacilli 
can cause specific immunity when they invade 
patients. When tuberculous pleurisy was present, 
acid-fast bacilli induced the differentiation and 
proliferation of T-lymphocytes in the pleural cavity, 
and ADA increased to varying degrees. There is a 
certain degree of inflammation in empyema patients, 
and the stimulation of T-lymphocytes will also 
lead to the increase of ADA level. Tumor cells in 
patients with malignant pleural effusion will attack 
T-lymphocytes, and ADA is expressed at a low 
level(13). CA125 is a protein commonly found in the 
epithelial tissues of the ovaries, uterus, peritoneum, 
and other coelomic tissues, and is widely used as a 
tumor marker in clinic. 

The cell count in pleural effusion can be 
used as an important reference index to judge the 
nature of disease. Monocytes are derived from the 
mononucleus-macrophage system and can enter the 
blood. After entering various tissues in the body with 
the blood flow, they change morphologically and 
become macrophages. The membrane of mononuclear 
macrophages has many receptors with different 
functions, which can bind to many factors secreted 
by lymphocytes; the membrane itself has a variety 
of biological functions as well. Mycobacterium 
tuberculosis cell wall protein stimulation in patients 
with tuberculous pleurisy can enhance the killing 
power of macrophages against Mycobacterium 
tuberculosis cells and play a defensive role in local 
Mycobacterium tuberculosis infection. Therefore, a 
significant increase in monocytes can be observed 
in the pleural fluid of patients with tuberculous 
pleurisy(14). In this experiment, the proportion 
of mononuclear cells in pleural effusion in the 
tuberculous pleurisy group and the malignant pleural 
effusion group was significantly higher than that in 
the empyema group, and the count of nucleated cells 
was significantly lower than that in the empyema 

group. The percentage of mononuclear cells in 
pleural effusion in the tuberculous pleurisy group 
was significantly higher than that in the malignant 
pleural effusion group, and the nucleated cell count 
was significantly lower than that in the malignant 
pleural effusion group. ADA in the tuberculous 
pleurisy group and the malignant pleural effusion 
group was significantly lower than the empyema 
group, and CA125 was significantly higher than the 
empyema group. ADA in the tuberculous pleurisy 
group was significantly higher than that in the 
malignant pleural effusion group, while CA125 was 
significantly lower than that in the malignant pleural 
effusion group. It is suggested that the expression 
of ADA level and mononuclear cell ratio in pleural 
effusion has certain rules in patients with tuberculous 
pleurisy, malignant effusion, and empyema, which 
may provide strong test support for the identification 
of tuberculous pleurisy, malignant effusion, and 
empyema, which is similar to the research results of 
Yuan Meirong et al(15).

In order to further analyze the value of ADA 
level and mononuclear cell ratio in pleural effusion 
in differentiating tuberculous pleurisy from 
malignant effusion and empyema, an ROC curve 
analysis in this study showed that the AUC of ADA 
in diagnosing tuberculous pleurisy was 0.785, and 
the AUC of mononuclear cell ratio in diagnosing 
tuberculous pleurisy was 0.685. The AUC of 
combined diagnosis of tuberculous pleurisy was 
0.845; that of ADA diagnosis of malignant effusion 
was 0.815, that of mononuclear cell ratio diagnosis of 
malignant effusion was 0.715, and that of combined 
diagnosis of malignant effusion was 0.925. Prompt, 
level of ADA in pleural effusion, the proportion of 
mononuclear cells to identify tuberculous pleurisy 
and malignant effusion, pyothorax have good 
predictive value, the joint detection from single 
parameter to the diagnosis of tuberculous pleurisy 
have better predictive value, help physicians in the 
early diagnosis of tuberculous pleurisy and take 
corresponding measures, has extremely important 
significance in patients with effective treatment.

In conclusion, ADA level and mononuclear 
cell proportion in pleural effusion can be used as 
important test indexes to distinguish tuberculous 
pleurisy from malignant effusion and empyema, 
among which the combination of the two has the 
highest value and can be widely used in clinical 
practice.
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