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Tuberculous pleurisy is the most common form of extrapulmonary tuberculosis in Korea. Tuberculous pleurisy presents 
a diagnostic and therapeutic problem due to the limitations of traditional diagnostic tools. There have been many clinical 
research works during the past decade. Recent studies have provided new insight into the tuberculous pleurisy, which 
have a large impact on clinical practice. This review is a general overview of tuberculous pleurisy with a focus on recent 
findings on the diagnosis and management. 
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munocompromised hosts are less likely develop tuberculous 
pleurisy than the immunocompetent host. However, inci-
dence of tuberculous pleurisy is higher in human immuno-
deficiency virus (HIV)-infected patients than in non-infected 
patients6. On the other hand, higher incidence is not observed 
in renal transplant and dialysis patients7. 

Pathogenesis
Rupture of a subpleural caseous focus in the lung into the 

pleural space is thought to be the initial event in the pathogen-
esis of primary tuberculous pleurisy8. This hypothesis is based 
on the observation by Stead et al.9 that they could demonstrate 
a caseous focus in the lung contiguous to the diseased pleura 
in 12 of 15 patients with tuberculous pleurisy. The three other 
patients in this study had parenchymal disease. Mycobacte-
rial antigens enter the pleural space and interact with T-cells 
previously sensitized to mycobacteria, then result in a delayed 
hypersensitivity reaction. 

Clinical Manifestations
Tuberculous pleurisy usually presents as an acute illness. 

The most common presenting symptoms are nonporoductive 
cough and pleuritic chest pain. Other symptoms include fever, 
night sweats, weight loss, malaise, and dyspnea varying in 
severity according to the size of effusion. As a general rule, an 
acute illness is more likely to occur in younger patients who 
are more immunocompetent10.

Patients with tuberculous pleurisy tend to be younger 
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Epidemiology
Tuberculous pleurisy is the first or second most common 

form of extrapulmonary tuberculosis as well as the main 
cause of pleural effusion in many countries1. The relative 
incidence of tuberculous pleurisy is usually expected to be 
higher in a high tuberculosis prevalence setting. Tuberculous 
pleurisy accounts for about 4% of all tuberculosis cases in the 
United States and Brazil, while 20% of those in South Africa2-4. 
In Korea, 2,884 new tuberculous pleurisy cases were notified 
in 2012, which accounted for 7.3% of a total of 39,545 new tu-
berculosis cases and 34% of all extrapulmonary tuberculosis 
cases5. Tuberculous pleurisy is the most common form of ex-
trapulmonary tuberculosis in Korea.

Immune status can also influence the incidence of tuber-
culous pleurisy. Because the main mechanism is a delayed 
hypersensitivity reaction, one might hypothesize that the im-
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than patients with pulmonary tuberculosis (TB). However, in 
industrialized countries the mean age of patients with tuber-
culous pleurisy tends to be older. In a study from the United 
States, the mean age of 14,000 patients reported between 
1993 and 2003 was 49.9 years2. In Korea, the age distribution 
of patients with tuberculous pleurisy notified in 2011 was 
as follows: less than 20 years, 4.9%; 20−39 years, 29%; 40−59 
years, 25.3%; 60−79 years, 28.6%; more than 80 years, 12.2%11. 
This data showed similar incidence across all age groups. 
Therefore, tuberculous pleurisy should be considered in any 
adult or elderly patient with a unilateral pleural effusion.

Diagnosis
The definitive diagnosis of tuberculous pleurisy depends 

upon the demonstration of tubercle bacilli in the sputum, 
pleural fluid, or pleural biopsy specimens12. The diagnosis can 
also be established with demonstration of classical granulo-
mas in the pleura or reasonable certainty by demonstrating 
elevated levels of adenosine deaminase (ADA) or interferon-
gamma (IFN-γ) in the pleural fluid. 

1. Pleural fluid examination

The tuberculous pleural fluid is usually clear and straw 
colored, but may be turbid or serosanguinous. The effusion is 
virtually always an exudate, with lymphocytic predominance 
in about 90% of cases. Polymorphonuclear cells may predomi-
nate during the first 2 weeks following the onset of symptoms, 
but a shift towards lymphocytic predominance was observed 
at repeat thoracentesis13. In a retrospective study of 214 pa-
tients with tuberculous pleurisy, polymorphonuclear cells 
were predominate in 11% of cases14. Compared with those 
whose pleural fluid was predominantly lymphocytic, these 
patients showed a higher yield of mycobacteria in culture of 
pleural fluid (50% vs. 10%) and had shorter duration of symp-
toms14. 

2. Radiology

Chest radiography usually reveals a small-to-moderate 
unilateral pleural effusion. Various studies report the preva-
lence of coexisting parenchymal lesions to range from 20% to 
50%15,16. Chest computed tomography (CT) scan improves the 
diagnostic accuracy by documenting associated parenchymal 
lesions and lymphadenopathy. A prospective study using 
chest CT showed coexisting parenchymal lesions were ob-
served in 86% of patients with tuberculous pleurisy17. CT can 
also help to rule out other diseases and to detect complica-
tions associated with tuberculous pleurisy. Ultrasonography 
helps by demonstrating fibrin bands, septations, and loculated 
pleural effusion. 

3. Mycobacterial stain and culture

1) Sputum: It has been suggested that patients with tuber-
culous pleurisy without coexisting parenchymal lesion are 
sputum negative and, therefore, noncontagious. The myco-
bacterial culture of spontaneous sputum has low sensitivity 
with a range from 0% to 30%18. In the absence of pulmonary 
infiltration, the sensitivity will be in the range of 4−7%18. How-
ever, Conde et al.19 reported higher yield of mycobacterial cul-
ture (52%) in a single specimen of induced sputum. Even in 
patients with normal lung parenchyma on chest radiography, 
the yield of sputum culture in induced samples approached 
55%. Therefore, in patients with suspected tuberculous pleu-
risy it is important to obtain sputum, even in the absence of 
parenchymal involvement. 

2) Pleural fluid: Microscopy of the pleural fluid for acid fast 
bacilli (AFB) is positive in fewer than 10% of tuberculous pleu-
risy cases, except for HIV-infected patients and tuberculous 
empyema12. Mycobacterial culture of pleural fluid has also low 
sensitivity with a range from 12% to 70%, with the majority of 
series showing diagnostic yields of 30%12. It is also limited by 
lengthy delays of up to 8 weeks in obtaining results if solid cul-
ture media are used. 

The use of liquid culture media with bedside inoculation of 
the pleural fluid can provide higher yields and faster results 
than do conventional methods20. The volume of fluid used 
for inoculation in liquid culture did not seem to influence the 
proportion of positive cultures21. The lymphocyte percentage 
in pleural fluid was negatively associated with the probability 
of a positive effusion culture22. Microscopic-observation drug 
susceptibility culture was associated with greatly increased 
diagnostic sensitivity and shorter time to diagnosis, compared 
with solid culture23.

4. Pleural biopsy 

Histological analysis and mycobacterial culture of pleural 
biopsied tissue have traditionally been the gold standard diag-
nostic method. A blind needle biopsy of pleura using Cope’s 
or Abraham’s needle has been the most sensitive diagnostic 
test for tuberculous pleurisy. In one study of 248 patients with 
tuberculous pleurisy who underwent needle biopsy of the 
pleura, the biopsy showed granulomas in 198 patients (80%), 
the AFB stain of the biopsy was positive in 64 (25.8%) and 
the culture of the biopsy tissue was positive in 140 (56%)16. 
In this study at least one of the three tests was positive in 227 
(91%). Even when granulomas are not visualized, the biopsy 
specimen should always be examined for AFB (in 10%, only 
organisms may be seen in the biopsy)16. Although other dis-
orders including fungal diseases, sarcoidosis, tularemia and 
rheumatoid pleuritis may produce granulomatous pleuritis, 
more than 95% of patient with granulomatous pleuritis have 
tuberculosis8.
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The introduction of thoracoscopy has had a very important 
impact on diagnosis. Diacon et al.24 performed a direct com-
parative study and found that the sensitivity of histology, cul-
ture and combined histology/culture was 66%, 48%, and 79%, 
respectively, for closed-needle biopsy and 100%, 76%, and 
100%, respectively, for thoracoscopy. In addition, both were 
100% specific. Thoracoscopy can be medical or video-assisted. 
It helps visualize the entire pleural surface and allows interven-
tions such as target biopsy, breaking the septae, adhesionoly-
sis, and efficient drainage of effusion. Thoracoscopy could also 
provide superior opportunity for drug susceptibility testing 
because of biopsing larger area and higher culture yields.

5. Molecular tests

1) Nucleic acid amplification test: A pooled analysis 
of the data from 20 studies assessing the use of pleural fluid 
nucleic acid amplification (NAA) tests concluded that these 
tests demonstrated reasonably high specificity (97% for com-
mercial and 91% for in-house tests), but generally poor and 
variable sensitivity (62% for commercial and 76.5% for in-
house tests)25. An earlier meta-analysis of 40 studies came to 
very similar conclusions26. Pai et al.26 reported that commer-
cial NAA tests have a potential role in confirming tuberculous 
pleurisy because of high specificity. However, these tests had 
low and variable sensitivity and, therefore, were not useful in 
excluding the disease. The low test sensitivity is mainly the 
result of the technical aspects of nucleic acid extraction, the 
presence of inhibitors in the pleural fluid, and the paucibacil-
lary nature of the disease27.

2) Xpert MTB/RIF assay: The Xpert MTB/RIF assay (Xpert, 
Cepheid, Sunnyvale, CA, USA) is a rapid, WHO endorsed, 
automated polymerase chain reaction test optimized for 
respiratory specimens that can detect both Mycobacterium 
tuberculosis and rifampicin resistance28. Several studies 
have evaluated the performance of Xpert using pleural fluid. 
Overall, these studies show limited accuracy with sensitivity 
ranging from 15% to 44%29-31. Recent study using pleural tissue 
sample showed that Xpert did not detect any of the identified 
TB cases32.

6. Biomarkers 

Because conventional diagnostic tests have known limita-
tions, newer and more rapid diagnostic tests are needed. Al-
though numerous potential markers have been evaluated in 
pleural effusion, the majority have limited diagnostic accuracy. 
The two most reliable biomarkers of tuberculous pleurisy are 
ADA and IFN-γ.

1) Adenosine deaminase: ADA is the enzyme catalyzing 
the conversion of adenosine to inosine and deoxyadenosine 
to deoxyinosine. There are two main isoenzymes of ADA: 

ADA1 and ADA2. ADA1 is a ubiquitous enzyme present in 
many cells, whereas ADA2 is produced mainly by monocyte/
macrophages and responsible for most of the increase in ADA 
activity in tuberculous pleurisy.

Since 1978, when Piras et al.33 reported the utility of ADA 
measurement in pleural fluid, numerous studies have evalu-
ated the diagnostic performance of ADA in tuberculous 
pleurisy. Four meta-analyses34-37, including 77 studies in total, 
were performed in the last few years. All meta-analyses dem-
onstrated uniformly high diagnostic performance of pleural 
fluid ADA. The largest of these four meta-analyses, evaluating 
2,796 patients with tuberculous pleurisy and 5,297 patients 
with non-tuberculous pleurisy, showed 92% of sensitivity and 
90% of specificity34. The most widely accepted cutoff value for 
pleural fluid ADA is 40 U/L10. Higher ADA levels are associ-
ated with a greater chance of a patient having tuberculosis, 
while persistent low level on repeated thoracentesis strongly 
argue against tuberculosis10. 

The diagnostic usefulness of ADA depends not only on its 
sensitivity and specificity but also on the local prevalence of 
tuberculous pleurisy. This imply the practical use of the test in 
different populations38. In populations with a high prevalence 
of tuberculous pleurisy, elevated ADA level might be consid-
ered as a confirmatory test justifying treatment initiation. In 
contrast, in countries with a low prevalence of tuberculous 
pleurisy, the negative predictive value remains high even 
though the positive predictive value of pleural ADA declines. 
Therefore, a negative ADA test may justify abandoning further 
diagnostic procedures for tuberculosis. 

There are two major concerns about the interpretation 
of ADA level, false-negative and false-positive result. Some 
patients in the early phase of tuberculous pleurisy may have 
low pleural fluid ADA levels, but subsequent elevated ADA 
level could be demonstrated in virtually all patients at repeat 
thoracentesis39. It has been suggested that in immunocom-
promised patients ADA might be a less sensitive marker of 
tuberculous pleurisy. However, later studies demonstrated 
that ADA is a reliable marker of tuberculous pleurisy in HIV-
infected patients with a low CD4 T-cell count40 and in renal 
transplant recipients41.

An important issue is also that of false-positive results in 
patients with non-tuberculous pleural effusion. The main 
disease are parapneumonic effusion and empyema. Roughly 
one-third of parapneumonic effusions and two-thirds of em-
pyemas have ADA levels above 40 U/L10. High pleural fluid 
ADA has also been reported in malignancies (e.g., lympho-
mas, bronchoalveolar carcinoma, mesothelioma), infectious 
diseases (e.g., mycoplasma and chlamydia pneumonia, psit-
tacosis, paragonimiasis, infectious mononucleosis, brucellosis, 
mediterranean fever, histoplasmosis, coccidioidomycosis), 
and connective tissue diseases (e.g., rheumatoid arthritis, sys-
temic lupus erythematosus)10.

Two approaches have been proposed to increase the speci-
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ficity of the ADA test38. The first is the measurement of ADA 
isoenzymes, ADA1 and ADA2. In two earlier studies, ADA 
isoenzyme measurement increased the specificity from 91% 
to 96%42 and 92.1% to 98.6%43, respectively. However, as the 
test is more expensive and does not add much to routine clini-
cal practice, its use is so far limited. The second approach is to 
combine ADA level and other clinical and laboratory data. 

2) Interferon-gamma: The concept of applying IFN-γ as a 
marker of tuberculous pleurisy is based on the important role 
of this cytokine in the immunologic response to M. tubercu-
losis infection. Numerous studies have demonstrated that an 
elevated level of IFN-γ in pleural effusion is a reliable marker 
of tuberculous pleurisy. Greco et al.35 analyzed 13 studies and 
found the mean sensitivity and specificity of 87% and 97%, re-
spectively. A later meta-analysis of 22 studies revealed that the 
mean sensitivity and specificity were 89% and 97%, respec-
tively44. As in the ADA assays, hematologic malignancies and 
empyema can cause increased IFN-γ levels in pleural fluid45.

Studies that have directly compared ADA and IFN-γ in pa-
tients with tuberculous pleurisy have reported a slightly higher 
accuracy of IFN-γ38,44. However, from the clinical point of view, 
the differences seem to be irrelevant. Because ADA is both 
cheaper and simpler, ADA is considered to be the preferred 
test. 

Both pleural fluid ADA and IFN-γ are still the most use-
ful biomarkers of tuberculous pleurisy. Their use allows the 
reduction of the number of more invasive diagnostic proce-
dures, but in some cases biopsy methods still play an impor-
tant role38. 

(1) IFN-γ release assay: Although interferon-gamma re-
lease assays (IGRAs) were primarily designed to detect latent 
tuberculosis, it is expected that it might also contribute to the 
diagnosis of tuberculous pleurisy. However, they are much 
less useful than unstimulated IFN-γ levels in diagnosing tu-
berculous pleurisy46,47. In a meta-analysis of 7 publications, 
the sensitivity and specificity for pleural IGRAs in diagnosing 
tuberculosis were 75% and 82%, respectively48. Based on the 
evidence so far, the IGRAs are not recommended to make a 
diagnosis of tuberculous pleurisy. 

3) Other biomarkers: Numerous potential markers have 
been evaluated in tuberculous pleurisy, which include neop-
terin, leptin, lysozyme, fibronectin, interleukin-2, tumor necro-
sis factor-α, interleukin-1β, CD4+ T-cell count, complement 
activation, and serum antibodies49. Unfortunately, the major-
ity have limited diagnostic accuracy. None of these tests have 
been found to be superior to pleural fluid ADA or IFN-γ levels.

7. Combination of tests 

Combinations of tests, especially combinations that include 
ADA, seem to perform better than any single test50-53. A deci-
sion tree analysis that contained simple clinical (age, fever) 
and laboratory (pleural fluid ADA) data allowed differentia-

tion between tuberculous and malignant effusion with high 
accuracy50. The combination of elevated ADA and pleural 
fluid lympocyte/neutrophil ratio greater than 0.75 is a more 
specific than a high ADA level alone51. Further work is neces-
sary to identify the best combination that will be most useful 
in clinical practice. 

8. Diagnostic approach 

Figure 1 suggests an algorithmic approach for diagnosing 
tuberculous pleurisy. The first diagnostic step always includes 
the processing of pleural fluid for biochemical and micro-
biological studies as well as examination of the sputum for 
mycobacteria. If an exudative pleural effusion of lymphocytic 
predominance and negative cytology, pleural fluid ADA can 
be used as a screening test.

If the fluid ADA is above 70 U/L, the diagnosis of tuber-
culous pleurisy is virtually established and antituberculous 
chemotherapy can be initiated. If the pleural fluid ADA is be-
tween 40 and 70 U/L, one can make a presumptive diagnosis 
of tuberculous pleurisy. In this situation, if the patient’s clinical 
picture is not typical for tuberculous pleurisy, further diag-
nostic procedures such as a needle biopsy or thoracoscopy 
should be considered. If the patient’s pleural fluid ADA level is 
below 40 U/L, the diagnosis of tuberculosis is unlikely and fur-
ther diagnostic procedures for tuberculosis would not be nec-
essary. Nevertheless, if the patient has a typical clinical picture 
of tuberculous pleurisy, the possibility of tuberculous pleurisy 
can be further evaluated with needle biopsy of the pleura or 
thoracoscopy.

Figure 1. Algorithmic approach to tuberculous pleurisy. TB: tuber-
culosis; ADA: adenosine deaminase.
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Treatment 
Tuberculous pleurisy usually resolve spontaneously with-

out treatment, but active tuberculosis develops in 43−65% of 
patients over the several next years54,55. These data from the 
observation studies in pre-antibiotic era emphasize the im-
portance of proper diagnosis and treatment of tuberculous 
pleurisy. The treatment of tuberculous pleurisy has three 
goals 1) to prevent the subsequent development of active tu-
berculosis, 2) to relieve the symptoms of the patient, and 3) to 
prevent the development of a fibrothorax8.

1. Chemotherapy

A standard, 6-month short course regimen composed of 
isoniazid and rifampicin, intensified with pyrazinamide for 
the first 2 months, is considered adequate in most uncompli-
cated cases. Ethambutol should be included in the initial regi-
men until the results of drug susceptibility tests are available. 
Although patients with tuberculous pleurisy were successfully 
treated with only isoniazid and rifampicin for 6 months56,57, it 
must be taken into account that such a regimen can only be 
applied in areas with low drug resistance. The drug resistant 
pattern of tuberculous pleurisy broadly reflects that of pulmo-
nary tuberculosis2. In a epidemiological analysis of tubercu-
lous pleurisy in the United States, 9.9% of patients had isolates 
resistant to at least one first-line drug. Furthermore, multidrug-
resistant tuberculosis was detected in 1% of cases2.

With treatment, the patient usually becomes afebrile within 
2 weeks, but fever may persist as long as 2 months58. Paradoxi-
cal worsening of the pleural effusion occurs in a few patients 
after the initiation of chemotherapy. In a retrospective study 
of 459 patients with isolated tuberculous pleurisy, paradoxi-
cal response developed in 16% of the patients approximately 
2 months after initiation of treatment, mostly presenting with 
aggravation of pre-existing pleural effusion59.

The mean time for the complete resorption of pleural fluid 
is approximately 6 weeks, but it can be as long as 12 weeks58. 
As many as 50% of patients with tuberculous pleurisy develop 
pleural thickening 6−12 months after the beginning of the 
treatment60. Residual pleural thickening decreases with time 
even after the completion of chemotherapy up to 24 months61, 
and many of them has negligible functional consequences62. 
Repeated thoracocentesis63 or corticosteroids64 does not ap-
pear to alter the degree of residual pleural thickening. 

2. Local therapy

If the patient is dyspneic from a large pleural effusion, a 
therapeutic thoracentesis should be performed. However, rou-
tine complete drainage of pleural fluid at the time of diagnosis 
does not appear to improve mid- and long-term outcomes63. 
In patients with loculated tuberculous pleural effusion, the ad-

ministration of a fibrinolytic may decrease the degree of resid-
ual pleural thickening. Two small prospective studies suggest 
that pigtail drainage and instillation of fibrinolytics, in addition 
to anti-tuberculosis medication, in patients with symptomatic 
loculated tuberculous effusions may hasten the resolution of 
pleural effusion and reduce the incidence of residual pleural 
thickening65,66.

3. Corticosteroids

The rationale of using corticosteroids is that corticosteroids 
through their antiinflammatory action may hasten fluid re-
sorption and prevent pleural thickening. Three randomized 
trials showed early resolution of clinical symptoms and signs, 
but there was no difference in residual lung function and in-
cidence of residual pleural thickening67-69. A recent Cochrane 
review concluded that there are insufficient data to support 
evidence-based recommendations regarding the use of ad-
junctive corticosteroids in people with tuberculous pleurisy64. 
Nevertheless, in selected patients who continue to have severe 
systemic symptoms (e.g., fever) after 2 weeks of chemothera-
py and therapeutic thoracentesis, a short course of corticoste-
roids may be beneficial1,10.

Conflicts of Interest
No potential conflict of interest relevant to this article was 

reported.

References
1. Light RW. Update on tuberculous pleural effusion. Respirol-

ogy 2010;15:451-8.
2. Baumann MH, Nolan R, Petrini M, Lee YC, Light RW, Sch-

neider E. Pleural tuberculosis in the United States: incidence 
and drug resistance. Chest 2007;131:1125-32.

3. Seiscento M, Vargas FS, Rujula MJ, Bombarda S, Uip DE, 
Galesi VM. Epidemiological aspects of pleural tuberculosis 
in the state of Sao Paulo, Brazil (1998-2005). J Bras Pneumol 
2009;35:548-54.

4. Saks AM, Posner R. Tuberculosis in HIV positive patients in 
South Africa: a comparative radiological study with HIV nega-
tive patients. Clin Radiol 1992;46:387-90.

5. Korea Centers for Disease Control & Prevention. Annual 
report on the notified tuberculosis patients in Korea 2012. 
Cheongwon: Korea Centers for Disease Control & Preven-
tion; 2013.

6. Pozniak AL, MacLeod GA, Ndlovu D, Ross E, Mahari M, Wein-
berg J. Clinical and chest radiographic features of tuberculosis 
associated with human immunodeficiency virus in Zimbabwe. 
Am J Respir Crit Care Med 1995;152(5 Pt 1):1558-61.



D Jeon

158 Tuberc Respir Dis 2014;76:153-159 www.e-trd.org

7. Queipo JA, Broseta E, Santos M, Sanchez-Plumed J, Budia A, 
Jimenez-Cruz F. Mycobacterial infection in a series of 1261 
renal transplant recipients. Clin Microbiol Infect 2003;9:518-
25.

8. Light RW. Pleural diseases. 5th ed. Baltimore: Lippincott, Wil-
liams and Wilkins; 2007.

9. Stead WW, Eichenholz A, Stauss HK. Operative and patho-
logic findings in twenty-four patients with syndrome of idio-
pathic pleurisy with effusion, presumably tuberculous. Am 
Rev Tuberc 1955;71:473-502.

10. Porcel JM. Tuberculous pleural effusion. Lung 2009;187:263-
70.

11. Korea Centers for Disease Control & Prevention. Annual 
report on the notified tuberculosis patients in Korea 2011. 
Cheongwon: Korea Centers for Disease Control & Preven-
tion; 2012.

12. Gopi A, Madhavan SM, Sharma SK, Sahn SA. Diagnosis and 
treatment of tuberculous pleural effusion in 2006. Chest 
2007;131:880-9.

13. Levine H, Szanto PB, Cugell DW. Tuberculous pleurisy. An 
acute illness. Arch Intern Med 1968;122:329-32.

14. Bielsa S, Palma R, Pardina M, Esquerda A, Light RW, Porcel 
JM. Comparison of polymorphonuclear- and lymphocyte-
rich tuberculous pleural effusions. Int J Tuberc Lung Dis 
2013;17:85-9.

15. Seibert AF, Haynes J Jr, Middleton R, Bass JB Jr. Tuberculous 
pleural effusion: twenty-year experience. Chest 1991;99:883-
6.

16. Valdes L, Alvarez D, San Jose E, Penela P, Valle JM, Garcia-
Pazos JM, et al. Tuberculous pleurisy: a study of 254 patients. 
Arch Intern Med 1998;158:2017-21.

17. Kim HJ, Lee HJ, Kwon SY, Yoon HI, Chung HS, Lee CT, et al. 
The prevalence of pulmonary parenchymal tuberculosis in 
patients with tuberculous pleuritis. Chest 2006;129:1253-8.

18. Udwadia ZF, Sen T. Pleural tuberculosis: an update. Curr Opin 
Pulm Med 2010;16:399-406.

19. Conde MB, Loivos AC, Rezende VM, Soares SL, Mello FC, Re-
ingold AL, et al. Yield of sputum induction in the diagnosis of 
pleural tuberculosis. Am J Respir Crit Care Med 2003;167:723-
5.

20. Maartens G, Bateman ED. Tuberculous pleural effusions: in-
creased culture yield with bedside inoculation of pleural fluid 
and poor diagnostic value of adenosine deaminase. Thorax 
1991;46:96-9.

21. von Groote-Bidlingmaier F, Koegelenberg CF, Bolliger CT, 
Chung PK, Rautenbach C, Wasserman E, et al. The yield of 
different pleural fluid volumes for Mycobacterium tubercu-
losis culture. Thorax 2013;68:290-1.

22. Ruan SY, Chuang YC, Wang JY, Lin JW, Chien JY, Huang CT, et 
al. Revisiting tuberculous pleurisy: pleural fluid characteristics 
and diagnostic yield of mycobacterial culture in an endemic 
area. Thorax 2012;67:822-7.

23. Tovar M, Siedner MJ, Gilman RH, Santillan C, Caviedes L, 
Valencia T, et al. Improved diagnosis of pleural tuberculosis 

using the microscopic- observation drug-susceptibility tech-
nique. Clin Infect Dis 2008;46:909-12.

24. Diacon AH, Van de Wal BW, Wyser C, Smedema JP, Bezuiden-
hout J, Bolliger CT, et al. Diagnostic tools in tuberculous pleu-
risy: a direct comparative study. Eur Respir J 2003;22:589-91.

25. Dinnes J, Deeks J, Kunst H, Gibson A, Cummins E, Waugh 
N, et al. A systematic review of rapid diagnostic tests for the 
detection of tuberculosis infection. Health Technol Assess 
2007;11:1-196.

26. Pai M, Flores LL, Hubbard A, Riley LW, Colford JM Jr. Nucleic 
acid amplification tests in the diagnosis of tuberculous pleu-
ritis: a systematic review and meta-analysis. BMC Infect Dis 
2004;4:6.

27. Porcel JM. Pleural fluid biomarkers: beyond the Light criteria. 
Clin Chest Med 2013;34:27-37.

28. Boehme CC, Nabeta P, Hillemann D, Nicol MP, Shenai S, 
Krapp F, et al. Rapid molecular detection of tuberculosis and 
rifampin resistance. N Engl J Med 2010;363:1005-15.

29. Tortoli E, Russo C, Piersimoni C, Mazzola E, Dal Monte P, 
Pascarella M, et al. Clinical validation of Xpert MTB/RIF for 
the diagnosis of extrapulmonary tuberculosis. Eur Respir J 
2012;40:442-7.

30. Porcel JM, Palma R, Valdes L, Bielsa S, San-Jose E, Esquerda A. 
Xpert(R) MTB/RIF in pleural fluid for the diagnosis of tuber-
culosis. Int J Tuberc Lung Dis 2013;17:1217-9.

31. Friedrich SO, von Groote-Bidlingmaier F, Diacon AH. Xpert 
MTB/RIF assay for diagnosis of pleural tuberculosis. J Clin 
Microbiol 2011;49:4341-2.

32. Christopher DJ, Schumacher SG, Michael JS, Luo R, Bal-
amugesh T, Duraikannan P, et al. Performance of Xpert MTB/
RIF on pleural tissue for the diagnosis of pleural tuberculosis. 
Eur Respir J 2013;42:1427-9.

33. Piras MA, Gakis C, Budroni M, Andreoni G. Adenosine de-
aminase activity in pleural effusions: an aid to differential 
diagnosis. Br Med J 1978;2:1751-2.

34. Liang QL, Shi HZ, Wang K, Qin SM, Qin XJ. Diagnostic accu-
racy of adenosine deaminase in tuberculous pleurisy: a meta-
analysis. Respir Med 2008;102:744-54.

35. Greco S, Girardi E, Masciangelo R, Capoccetta GB, Saltini C. 
Adenosine deaminase and interferon gamma measurements 
for the diagnosis of tuberculous pleurisy: a meta-analysis. Int 
J Tuberc Lung Dis 2003;7:777-86.

36. Goto M, Noguchi Y, Koyama H, Hira K, Shimbo T, Fukui T. Di-
agnostic value of adenosine deaminase in tuberculous pleu-
ral effusion: a meta-analysis. Ann Clin Biochem 2003;40(Pt 
4):374-81.

37. Morisson P, Neves DD. Evaluation of adenosine deaminase 
in the diagnosis of pleural tuberculosis: a Brazilian meta-
analysis. J Bras Pneumol 2008;34:217-24.

38. Krenke R, Korczynski P. Use of pleural fluid levels of adenos-
ine deaminase and interferon gamma in the diagnosis of 
tuberculous pleuritis. Curr Opin Pulm Med 2010;16:367-75.

39. Valdes L, Pose A, San Jose E, Martinez Vazquez JM. Tubercu-
lous pleural effusions. Eur J Intern Med 2003;14:77-88.



Tuberculous pleurisy

http://dx.doi.org/10.4046/trd.2014.76.4.153 159www.e-trd.org

40. Baba K, Hoosen AA, Langeland N, Dyrhol-Riise AM. Adenos-
ine deaminase activity is a sensitive marker for the diagnosis 
of tuberculous pleuritis in patients with very low CD4 counts. 
PLoS One 2008;3:e2788.

41. Chung JH, Kim YS, Kim SI, Park K, Park MS, Kim YS, et al. The 
diagnostic value of the adenosine deaminase activity in the 
pleural fluid of renal transplant patients with tuberculous 
pleural effusion. Yonsei Med J 2004;45:661-4.

42. Valdes L, San Jose E, Alvarez D, Valle JM. Adenosine deami-
nase (ADA) isoenzyme analysis in pleural effusions: diag-
nostic role, and relevance to the origin of increased ADA in 
tuberculous pleurisy. Eur Respir J 1996;9:747-51.

43. Perez-Rodriguez E, Perez Walton IJ, Sanchez Hernandez JJ, 
Pallares E, Rubi J, Jimenez Castro D, et al. ADA1/ADAp ratio 
in pleural tuberculosis: an excellent diagnostic parameter in 
pleural fluid. Respir Med 1999;93:816-21.

44. Jiang J, Shi HZ, Liang QL, Qin SM, Qin XJ. Diagnostic value of 
interferon-gamma in tuberculous pleurisy: a metaanalysis. 
Chest 2007;131:1133-41.

45. Villena V, Lopez-Encuentra A, Pozo F, Echave-Sustaeta J, 
Ortuno-de-Solo B, Estenoz-Alfaro J, et al. Interferon gamma 
levels in pleural fluid for the diagnosis of tuberculosis. Am J 
Med 2003;115:365-70.

46. Dheda K, van Zyl-Smit RN, Sechi LA, Badri M, Meldau R, 
Meldau S, et al. Utility of quantitative T-cell responses versus 
unstimulated interferon-{gamma} for the diagnosis of pleural 
tuberculosis. Eur Respir J 2009;34:1118-26.

47. Kang JY, Rhee CK, Kang NH, Kim JS, Yoon HK, Song JS. Clini-
cal utility of two interferon-gamma release assays on pleural 
fluid for the diagnosis of tuberculous pleurisy. Tuberc Respir 
Dis 2012;73:143-50.

48. Zhou Q, Chen YQ, Qin SM, Tao XN, Xin JB, Shi HZ. Diagnostic 
accuracy of T-cell interferon-gamma release assays in tuber-
culous pleurisy: a meta-analysis. Respirology 2011;16:473-80.

49. Trajman A, Pai M, Dheda K, van Zyl Smit R, Zwerling AA, 
Joshi R, et al. Novel tests for diagnosing tuberculous pleu-
ral effusion: what works and what does not? Eur Respir J 
2008;31:1098-106.

50. Porcel JM, Aleman C, Bielsa S, Sarrapio J, Fernandez de Sevilla 
T, Esquerda A. A decision tree for differentiating tuberculous 
from malignant pleural effusions. Respir Med 2008;102:1159-
64.

51. Burgess LJ, Maritz FJ, Le Roux I, Taljaard JJ. Combined use of 
pleural adenosine deaminase with lymphocyte/neutrophil 
ratio. Increased specificity for the diagnosis of tuberculous 
pleuritis. Chest 1996;109:414-9.

52. Villegas MV, Labrada LA, Saravia NG. Evaluation of poly-
merase chain reaction, adenosine deaminase, and interferon-
gamma in pleural fluid for the differential diagnosis of pleural 
tuberculosis. Chest 2000;118:1355-64.

53. Neves DD, Dias RM, Cunha AJ. Predictive model for the 
diagnosis of tuberculous pleural effusion. Braz J Infect Dis 
2007;11:83-8.

54. Patiala J. Initial tuberculous pleuritis in the Finnish armed 

forces in 1939-1945 with special reference to eventual post-
pleuritic tuberculosis. Acta Tuberc Scand Suppl 1954;36:1-57.

55. Roper WH, Waring JJ. Primary serofibrinous pleural effusion 
in military personnel. Am Rev Tuberc 1955;71:616-34.

56. Canete C, Galarza I, Granados A, Farrero E, Estopa R, Man-
resa F. Tuberculous pleural effusion: experience with six 
months of treatment with isoniazid and rifampicin. Thorax 
1994;49:1160-1.

57. Dutt AK, Moers D, Stead WW. Tuberculous pleural effusion: 
6-month therapy with isoniazid and rifampin. Am Rev Respir 
Dis 1992;145:1429-32.

58. Tani P, Poppius H, Maekipaja J. Cortisone therapy for exuda-
tive tuberculous pleurisy in the light of a follow-up study. Acta 
Tuberc Pneumol Scand 1964;44:303-9.

59. Jeon K, Choi WI, An JS, Lim SY, Kim WJ, Park GM, et al. Para-
doxical response in HIV-negative patients with pleural tuber-
culosis: a retrospective multicentre study. Int J Tuberc Lung 
Dis 2012;16:846-51.

60. Barbas CS, Cukier A, de Varvalho CR, Barbas Filho JV, Light 
RW. The relationship between pleural fluid findings and the 
development of pleural thickening in patients with pleural 
tuberculosis. Chest 1991;100:1264-7.

61. Han DH, Song JW, Chung HS, Lee JH. Resolution of residual 
pleural disease according to time course in tuberculous 
pleurisy during and after the termination of antituberculosis 
medication. Chest 2005;128:3240-5.

62. Candela A, Andujar J, Hernandez L, Martin C, Barroso E, Ar-
riero JM, et al. Functional sequelae of tuberculous pleurisy in 
patients correctly treated. Chest 2003;123:1996-2000.

63. Lai YF, Chao TY, Wang YH, Lin AS. Pigtail drainage in the 
treatment of tuberculous pleural effusions: a randomised 
study. Thorax 2003;58:149-51.

64. Engel ME, Matchaba PT, Volmink J.  Corticosteroids 
for tuberculous pleurisy. Cochrane Database Syst Rev 
2007;(4):CD001876.

65. Kwak SM, Park CS, Cho JH, Ryu JS, Kim SK, Chang J, et al. The 
effects of urokinase instillation therapy via percutaneous 
transthoracic catheter in loculated tuberculous pleural effu-
sion: a randomized prospective study. Yonsei Med J 2004;45: 
822-8.

66. Cases Viedma E, Lorenzo Dus MJ, Gonzalez-Molina A, 
Sanchis Aldas JL. A study of loculated tuberculous pleural 
effusions treated with intrapleural urokinase. Respir Med 
2006;100:2037-42.

67. Wyser C, Walzl G, Smedema JP, Swart F, van Schalkwyk EM, 
van de Wal BW. Corticosteroids in the treatment of tubercu-
lous pleurisy. A double-blind, placebo-controlled, random-
ized study. Chest 1996;110:333-8.

68. Galarza I, Canete C, Granados A, Estopa R, Manresa F. Ran-
domised trial of corticosteroids in the treatment of tubercu-
lous pleurisy. Thorax 1995;50:1305-7.

69. Lee CH, Wang WJ, Lan RS, Tsai YH, Chiang YC. Corticoste-
roids in the treatment of tuberculous pleurisy. A double-blind, 
placebo-controlled, randomized study. Chest 1988;94:1256-9.


