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1 Introduction
Tuberculosis (TB) has long plagued human beings and was 

declared a global emergency in 1993 by WHO (World Health 
Organization, 1993). Although the incidence and mortality of 
TB declined over time, there were still about 8.6 million new 
cases of TB and 1.3 million deaths attributed to TB worldwide 
in 2012 (World Health Organization, 2013). Although TB is a 
major public health problem in developing countries, especially 
in Asia and Africa, TB continues to be of concern in high-income 
nations (Pareek  et  al.,  2016). In developing countries, a lot 
of changes in these countries actually increase TB risk, such 
as rapid urbanization with high population densities and 
increased rates of cigarette smoking (Abegunde et al., 2007). 
In high-income countries, the overall changes in TB showed 
an important disparity, especially in foreign-born immigrants: 
in some developed countries, foreign-born cases has even 
increased (Jelastopulu et al., 2009). Additionally, drug-resistant 
TB emerged as one of the main challenges: about 630,000 
cases of multidrug-resistant (MDR) TB occur worldwide, and 
extensively drug-resistant (XDR) was reported in more than 
80 countries (World Health Organization, 2013). On top of 
the aforementioned challenges, nowadays, insufficient rapid 
and accurate TB diagnostic test remain one essential barrier to 
global TB control activities (Zumla et al., 2013). Rapid, accurate, 
affordable, point-of-care TB diagnostic tests that are easy to use 
and implement are needed.

Tuberculous pleural effusion (TPE) is the second most 
common form of extrapulmonary TB and is the most common 
cause of pleural effusion in areas where tuberculosis is endemic 
(Zhai et al., 2016; Light, 2010). The prevalence of pleural effusions 
among patients with TB varied significantly across different 
countries. More than 25% of patient with TB have TPE in 
Burundi (Mlika-Cabanne et al., 1995). In South Africa, about 
20% of TB patients were diagnosed with TPE (Saks & Posner, 
1992). While in the United States, only 3-5% of patients with 
TB were observed to have TPE (Mehta et al., 1991). In addition, 
immunocompromised patients are more likely to have pleural 
effusions. The prevalence of pleural effusion was reported higher 
in HIV-positive patients than immunocompetent patients 
in South Africa (38% versus 20%), Zimbabwe (27% vs 13%), 
and Uganda (23% vs 11%) (Light, 2010). Without treatment, 
tuberculous pleuritic might resolve spontaneously, but patients 
frequently develops active TB at follow-up. In a study following 
2816 Finnish Armed forces member for at least 7 years, 43% of 
patients with pleural effusion later developed TB (Patiala, 1954).

Nowadays, no formal guidelines are available for diagnosis 
and treatment of tuberculous pleurisy. The gold standard 
diagnosis of tuberculous pleurisy is the demonstration of tubercle 
bacilli in the sputum, pleural fluid, or pleural biopsy specimens, 
or the demonstration of granulomas in the pleural biopsy 
(Gopi et al., 2007). However, detecting mycobacteria in pleural 
fluid can be difficult because there may be a large volume of fluid 
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and very low numbers of bacteria present. Elevated levels of 
adenosine deaminase (ADA) or γ‐interferon release assay (IGRA) 
in the pleural fluid can be treated as a presumptive diagnosis 
(Trajman et al., 2008). The present data analysis suggests that 
pleural fluid ADA has good sensitivity (0.92) and specificity (0.90) 
for diagnosing tuberculous pleuritic (Salmanzadeh et al., 2015). 
However, ADA also elevated in complicated parapneumonic 
effusions, emphyemas and lymphomas (Porcel  et  al.,  2010). 
In  addition, its diagnostic utility varies considerably across 
different geographical regions, clinical settings and test result 
thresholds (Salmanzadeh et al., 2015). Even though the most 
widely accepted threshold ADA value is 35-40 U/L, some 
studies suggested lower cutoffs should be considered in elderly 
population since ADA decreases with age (Uskul et al., 2005).

Medical thoracoscopy is a safe and efficient method to further 
differential diagnosis of tuberculous pleurisy (Wang et al., 2015b). 
However, only a few studies have assessed its applications in 
pleural effusions (Sakuraba  et  al.,  2006; Wang  et  al.,  2015a), 
and no study has tested the diagnostic performance of medical 
thoracoscopy combining with IGRA and ADA. In this study, 
we aimed to evaluate the diagnostic performance of TPE by 
combining medical thoracoscopy with IGRA and ADA.

2 Methods

2.1 Patients

This prospective study followed the principles outlined in 
the Declaration of Helsinki and was approved by the Institutional 
Review Board of our Hospital. Written informed consent was 
signed by all patients. All patients admitted to the Respiratory 
Department from October 2016 to October 2018 were screened. 
Patients with undiagnosed pleural effusion were enrolled. 
Pleural effusion was measured by chest X-ray or ultrasound. 
All patients received medical thoracoscopy, blood IGRA, and 
pleural fluid ADA test.

2.2 Medical thoracoscopy

Before medical thoracoscopy, ultrasound was performed to 
confirm the optimal incision location (generally at midaxillary 
line between the seventh to eighth intercostal spaces). 
Local anesthesia with small dose of sufentanil and midazolam 
was given. A 1-to 2-cm incision was made. Then a flexible 
trocar was inserted, through which a semi-rigid thoracoscopy 
was inserted and connected to video. After aspiration of pleural 
fluid, the pleural space was carefully inspected. Suspicious 
pleural tissue was biopsied with biopsy forceps and sent for 
pathology examination.

2.3 Diagnosis of tuberculous pleurisy

Diagnosis of TPE was made if: caseous necrotic granulomas 
were found in pleural tissue; Ziehl-Neelsen stain or Lowenstein 
culture of pleural effusion fluid or pleural tissue, or Ziehl-Neelsen 
stain or Lowenstein culture of sputum were positive if the pleural 
effusion was accompanied.

2.4 ADA and IGRA test

ADA was measured in pleural fluid by colorimetric method 
of Guisti and Galanti (Bergmeyer  &  Gawehn, 1974) using a 
commercial ADA kit (Adicon, Shenzhen, China). The concentration 
of interferon-γ in blood sample was measured by enzyme-linked 
immunosorbent assay using commerical T-cell detection kit 
(Beijing wantai biopharmaceutical co., Ltd., China).

2.5 Combination test

To test whether combining the medical thorascopy, pleural 
fluid ADA and blood IGRA test together would improve diagnosis 
of TPE, we combined all the three tests together. The combination 
test flow chart was shown in Figure 1. Briefly, medical thorascopy, 
pleural fluid ADA and blood IGRA test will be performed, and 
a patient would be treated as TPE positive is any of the above 
tests is positive.

2.6 Statistical analysis

Continuous variables are presented as mean ± standard 
deviation, while categorical variable are presented as numbers 
and percentages. Characteristics were compared using Student 
t-test for continuous variables and Chi-square test for categorical 
variables. Receiver Operating Characteristic (ROC) curves were 
used to determine a cutoff value for tests. The optimum cutoff 
point was considered if the value provided the greatest sum 
of sensitivity plus specificity. The area under the curve (AUC) 
was used as a measure of test. AUC, sensitivity, specificity, 
positive likelihood ratios (PLR), and negative likelihood ratios 
(NLR) were calculated for individual test and combination test. 
P values < 0.05 was considered statistically significant. Data were 
analyzed using SPSS software version 19.0 (SPSS, Chicago, IL).

3 Results

3.1 Patient characteristics

A total of 154 patients with undiagnosed pleural effusion 
measured by chest X-ray or ultrasound were enrolled. Among them, 
98 patients (63.6%) were diagnosed as TPE in accordingly to our 
criteria. 56 patients (36.4%) were diagnosed as non-tuberculous 
pleurisy. The mean age in TPE+ patients was 49.3± 17.6 years 

Figure 1. Flow chart of combination test. ADA: adenosine deaminase; 
IGRA: interferon-gamma release assay; TPE: Tuberculous pleural effusion.
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and in TPE- patients were 58.8 ± 13.2 years (p < 0.05). In TPE+ 
group, 77 (78.6%) were male. While in TPE- group, 39 (69.6%) 
were male (p = 0.30).

3.2 Distributions of the biomarkers

The distributions of the biomarkers in the two groups were 
summarized in Table 1. The mean pleural fluid ADA level was 
41.6 ± 15.0 U/L in the TPE+ group and 16.8 ± 26.4 U/L in the 
TPE- group (p < 0.001). Similarly, IGRA level was significant higher 
in the TPE+ group than the TPE- group (111.2 ± 155.6 pg/mL 
versus 20.1 ± 63.7 pg/mL, p < 0.001). Seventy-four cases (75.5%) 
were diagnosed as positive based on thoracoscopy pathology 
results in the TPE+ group, while no patient was diagnosed as 
positive in the TPE- group.

3.3 Diagnostic performance

The diagnostic thresholds obtained via receiver operating 
characteristic curve analysis were: ADA 23.4 U/L with AUC 0.91 
(95% CI: 0.85-0.97, Figure 2) and IFN-γ 6.9 pg/mL with AUC 
0.87 (95% CI: 0.82-0.93). The AUC of medical thorascopy was 
0.88 (95% CI: 0.84-0.92). The performance of each diagnostic test 
was shown in Table 2. Pleural fluid ADA test had a sensitivity of 
0.89, specificity of 0.89, PLR of 8.29 and NLR of 0.18. Compared 
to ADA, blood IGRA has similar sensitivity (0.87), lower 
specificity (0.77), lower PLR (3.74), and higher NLR (0.23). 
Medical thorascopy has perfect specificity and sensitivity of 
0.76. By combining all three test together, we achieved sensitivity 
of 0.92, perfect specificity and NLR of 0.082. The AUC of the 
combination test was 0.96 (0.93-0.99), which was significant 
higher than any individual test (p < 0.001).

4 Discussion
Our study showed that although medical thorascopy, pleural 

fluid ADA, and blood IGRA each had good diagnostic performance, 
combining all three tests together significantly improve diagnostic 
performance of TPE. Based on our experience, the combining 
test is a practical test that could be applied clinically.

Despite the progress in the diagnosis and treatment of TB, 
TB is still a major health problem worldwide, particularly in 
developing countries (Abegunde et  al.,  2007). Lack of rapid, 
accurate, affordable, point-of-care TB diagnostic tests is a major 
barrier to control TB (Zumla et al., 2013). The gold standard 
diagnosis of TB is based on M. tuberculosis isolation or observation 
of AFB in sputum examination, however, other diagnostic tests 
with shorter duration, good sensitivity and specificity are needed. 
As observed in our study, soluble biomarkers including ADA and 
IGRA test have good diagnostic performance. However, combining 

medical thorascopy with biomarkers test further improved the 
diagnostic performance and should be recommended.

In addition, literatures have shown that the combined test, 
especially medical thoracoscopy is safe and cost-effective. Studies 
have shown that medical thoracoscopy is a safe procedure in 
the diagnosis of exudative pleural effusion (Sakuraba et al, 
2006; Wang et al., 2015a). Wang et al showed that no mortality 
has been associated with medical thoracoscopy, and the 
rates of major and minor complications are 1.5% and 10.5%, 
respectively (Wang et al., 2015a). Although the aforementioned 
biomarkers have good sensitivity and specificity, neither of 
them provided definite etiologic diagnosis. In resource-poor 
areas with high incidence of tuberculosis, blind pleural biopsy 
is recommended as the first line management of pleural effusion 
(Hooper et al., 2010). Image-guided pleural biopsies, including 
ultrasound- or CT-guided pleural biopsies have been reported to 
be superior to blind pleural biopsies in diagnosis of malignant 
pleural effusion (Maskell et al., 2003). Not much comparison 
between image-guided pleural biopsies and medical thoracoscopy 
has been done. Metintas et al. (2010) showed that in patients 
with only pleural fluid appearance on CT scan and in those who 
may have benign pleural pathologies other than TB, medical 
thoracoscopy had higher sensitivity (94.1% versus 87.5%) and 
is recommended. In our study, medical thoracoscopy had very 
good diagnostic performance. Additionally, Wang et al. showed 
that medical thoracoscopy is a cost-effective tool: its cost was 
similar to routine examinations involving biochemistry and 
cytology, sputum cytology, and thoracentesis (Wang et al., 2008). 
Another  advantage of medical thoracoscopy compared to 
biomarkers is that medical thoracoscopy can be an effective 

Table 1. Distribution of test results.

TPE- TPE+ P value

ADA, U/L 16.8 (26.4) 41.6 (15.0) <0.001

IGRA, pg/Ml 20.1 (63.7) 111.2 (155.5) <0.001

Thoracoscopy positive 0 74 (75.5) <0.001

ADA: adenosine deaminase; IGRA: interferon-gamma release assay; TPE: tuberculous pleural effusion. P values < 0.05 was considered statistically significant.

Figure 2. Receiver operating characteristic curves for diagnosis of 
tuberculous pleural effusion.
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approach in the treatment of TPE, especially multiloculated 
and organized TPE (Xiong et al., 2016).

As mentioned, finding rapid, accurate, affordable, and 
point-of-care TB diagnostic tests is an essential part of TB control. 
Special challenges was emerging in immunosuppressed patients, 
such as patients with HIV. HIV-mediated immunosuppression 
impairs granuloma formation, and commonly results in 
frequent extrapulomary diseases including TPE, atypical 
chest radiographic findings, and lower concentration of 
bacteria (Perkins & Cunningham, 2007), altogether results 
in special challenges in diagnosis. Our combination test, 
with high sensitivity and specificity, might be valuable in 
these high-risk populations with diagnosis challenges. Future 
studies are needed to validate our combination test in more 
specific population.

In summary, combining medical thoracoscopy with 
Interferon-Gamma release assay and adenosine deaminase 
performs better than individual test in diagnosis of TPE. 
The combination diagnosis has very high diagnostic rate, can 
be easily and safely carried out. Future studies are needed to 
further validate the performance in specific population.
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