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ABSTRACT 
Pleural Tuberculosis (PTB) is a common manifestation of extra pulmonary tuberculosis (EPTB) 
and is a frequent cause of pleural effusion in high burden countries.  Tuberculous pleural 
effusion (TPE) occurs in up to 25% of tuberculosis (TB) patients. TPE usually presents with 
fever, cough and pleuritic chest pain.  The pleural fluid is an exudate that usually has 
predominantly lymphocytes. Owing to the paucibacillary nature of the pleural fluid, the diagnosis 
of TPE is a challenge. The definitive diagnosis of TPE is currently made by demonstrating the 
presence of tubercle bacilli in specimens such as pleural fluid and/pleural biopsies, or by 
histological examination of pleural tissue for granulomas. Pleural fluid cultures are positive for 
Mycobacterium tuberculosis in less than 40% and smears are virtually always negative. The one 
way to establish the diagnosis of TPE in a patient with a lymphocytic pleural effusion is to 
generally demonstrate a pleural fluid adenosine deaminase level above 40 U/L. In the last few 
years, there have been significant technological advances in the field of diagnosis of TB and 
MDR TB. The most exciting among them are the nucleic acid amplification tests (NAATs) for the 
diagnosis of TB. The use of NAATS for diagnosis of TPE has currently very limited utility. The 
chemotherapy for TPE is the same as that for pulmonary tuberculosis. 
Key words: pleural effusion, adenosine deaminase, tuberculous effusion, gamma interferon, 
pleural biopsy. 
 

INTRODUCTION: 
Tuberculosis (TB) is one of the leading infectious causes of morbidity and mortality worldwide 
with estimated eight million new cases annually1. Pleural TB is a common extrapulmonary 
manifestation of tuberculosis. Due to delayed type hypersensitivity reaction with alterations in 
permeability of pleural microvessels, pleural TB patients commonly develop effusion in the 
pleural cavity2. In countries with high TB burden, it is recommended that TB should be excluded 
as a causative agent in patients with lymphocyte predominant exudative pleural effusion3. 
Pakistan is ranked fifth among high TB burden countries with a significant proportion of pleural 
TB cases1. Diagnosis and management of tuberculous pleural effusion (TPE) is challenging in 
the country due to poor sensitivity of current diagnostic method and increasing drug resistance. 
This review will highlight the current concept in epidemiology, pathogenesis, clinical 
manifestations laboratory diagnosis and management of TPE. 
 
EPIDEMIOLOGY: 
It has been reported that in around 25% of patients the TB will manifest itself with involvement 
of either pleura or lymph node4. In some areas it has been reported as the most common form 
of extrapulmonary TB5. Development of pleural effusion in such patient varies geographically 
and depends of the burden of TB in a particular setting6,7.  HIV co-infection aggravates this 
involvement with TB as a cause of pleural effusion in 86% of the cases in a series from 
Rwanda8. Pleural involvement in TB patient is higher in developing countries constituting 30% 
cases as compared to European countries which accounts for 3-5% cases9, 10. After pneumonia 
and malignancy, TB is considered to be the third common cause of massive pleural effusion11.  

*Section of Pulmonary and Critical Care Medicine, Department of Medicine, Aga Khan 
University Hospital, Karachi, Pakistan. 

**Department of Pathology and Microbiology, Aga Khan University Hospital, Karachi, 
Pakistan. 
 



PATHOGENESIS: 
The initial event resulting in TPE is rupture of subpleural caseous foci into the pleural space. 
Mycobacterial antigens are released resulting in delayed hypersensitivity reaction mediated by 
CD4 lymphocytes2, 10. This hypersensitivity could occur in primary or reactivation TB (commoner 
in adults especially in developing countries) and is independent of presence of viable 
mycobacteria. An intense inflammatory response mediated initially by neutrophils and 
macrophages and later by T lymphocytes is initiated resulting in increased permeability of 
pleural microvessels that in turn leads to development of TPE. Lymphatic obstruction leads to 
decrease pleural fluid clearance which in turn causes accumulation of pleural fluid 2,12. 
 
CLINICAL MANIFESTATION: 
TPE can present as an acute, sub-acute or chronic illness. It is more common in young patients 
compared to parenchymal TB. Around 75% cases present as pleuritic chest pain and around 
70% have nonproductive cough2, 4, 10. Fever is one of the manifestations but around 15% of 
patients could be afebrile. TPE can present as a small to moderate size unilateral effusion and 
in case of large effusion patient will present with shortness of breath2, 4, 10. Co-existing 
parenchymal disease is seen on chest radiograph in approximately 20% with TB pleural effusion 
and this proportion increases up to 80% when CT chest is performed13. 
 
DIAGNOSIS: 
 
Pleural Fluid Examination: 
Pleural fluid analysis assists in presumptive diagnosis of tuberculosis is depending on the 
prevalence of TB10, 12, 14. TPE in almost all cases is exudative with a protein concentration of 
greater than 5 g/dL. The predominant cell type is lymphocyte in majority of patients ranging from 
50-90%. In initial stages of illness neutrophils could be found in majority and presence of 
exudate with neutrophilic predominance should not rule out TPE diagnosis15. These neutrophils 
are however replaced by lymphocytes within 1-2 week15. Although not very specific but a low 
glucose concentration and high lactic acid dehydrogenase also points towards the possibility of 
TPE. On the other hand presence of more than 10% of eosinophils or more than 5% of 
mesothelial cells make the diagnosis of TPE less likely10, 12, 14.. A recent study evaluating the role 
of pleural fluid analysis alone in 548 samples for the diagnosis TPE reported that in one third of 
TPE cases pleural fluid analysis alone was diagnostic16. They also reported a high probability in 
nearly 60% of the cases16. 
 
Microbiological Diagnosis: 
The definitive diagnosis of TPE is currently made by demonstrating the presence of tubercle 
bacilli in specimens such as pleural fluid and/pleural biopsies, or by histological examination of 
pleural tissue for granulomas 2, 4. However the extended time periods required for isolating and 
identifying MTB from samples of pleural effusion and the limited sensitivity of the techniques 
employed have hampered the diagnosis of TPE 2, 4, 17.  
 
Pleural fluid Microscopy: 
Pleural fluid has been reported to be a poor source of mycobacteria. Direct examination of 
pleural fluids by Ziehl-Neelsen staining requires bacillary densities of 10,000/ml, whereas for 
isolation by culture 10-100 viable bacilli are needed 17, 18. Microscopy in TPE cases is positive in 
less than 10% of the cases in immunocompetent patients with higher positivity in tuberculous 
empyema cases 2, 18, 19. Sensitivity of smears is significantly higher in HIV positive individuals7.    
 
 
 



CULTURE: 
Sputum smear and culture: 
Sputum cultures for the diagnosis of TPE, although useful but are usually not requested2. Yield 
of spontaneous sputum culture ranges from 0-30% with higher positivity in patients with 
concomitant lung parenchymal involvement18. Culture of induced sputum in a case of TPE has 
also been advocated. A higher culture yield of 52% in induced sputum versus 12% in pleural 
fluid culture has been reported20. Another study showed sputum positivity in around 22.2% with 
TB pleural effusion highlighting the value of sputum culture in TPE cases21. 
 
Pleural Fluid culture: 
Cultures of pleural fluid are positive in less than 60% of patients with TPE 2, 18. Conventional 
culture is also slow with a mean time to positivity with the BACTEC system of around 3.5 weeks 
with the Lowenstein–Jensen medium of 4.7 weeks2, 4. 
 
Closed Pleural Biopsy: 
Several investigators have reported that pleural biopsies are the most reliable for diagnosis of 
TPE provided the appropriate site is available for examination2, 4. In one study of 248 patients 
with tuberculous pleuritic 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%)19. However, the invasiveness of the 
procedure, inability to obtain characteristic pleural tissue leading to false negative results in 15-
20% cases and the accompanied complications limits the utility of this technique2.  
 
Detection of inflammatory/immune biomarkers: 
Due to the limitations of the conventional methods newer rapid tests based on detection of 
inflammatory and immune marker have been evaluated. Several nonspecific and immune 
response markers have been evaluated for the diagnosis of TPE. This includes measurements 
of Adenosine deaminase (ADA), Neopterin, Leptin, Lysozyme, Fibronectin, Interferon gamma 
(IFN-Ɣ) and IL-217. However of these ADA and IFN-Ɣ will be discussed in detail due to their best 
and consistent role in TPE diagnosis. Recently use of T cell based IFN-Ɣ release assays 
(IGRAs) have also been shown to be effective in TPE diagnosis in specific settings. In contrast 
antibody detection assays have not been endorsed so far for the TPE diagnosis due to their 
poor and variable sensitivities. 
 
Adenosine Deaminase: 
Estimation of adenosine deaminase (ADA) in pleural fluid has been used widely as biochemical 
markers in the diagnosis of TB pleural effusion 2,17, 22-24. ADA is a non-specific biomarker of 
inflammation that is released by activated lymphocytes, macrophages and neutrophils. A recent 
meta-analysis of 63 studies including 2796 patients with TPE and 5297 with non-tuberculous 
effusion reported a sensitivity and specificity of 92% and 90% respectively of ADA in the 
diagnosis of pleural TB with a diagnostic odds ratio of 110.08 23. They also that in high TB 
prevalence setting a positive ADA test will provide a 99% post- test probability of TB. The most 
widely accepted cut-off value for pleural fluid ADA is 40 U/L 2. Castro et al. measured the pleural 
fluid ADA levels in 410 lymphocytic non-tuberculous pleural fluids and found that the ADA was 
above 40 IU/L in only seven (1.7%) patients 24. It is reported that the likelihood of TB increases 
with the level, the greater is the level the greater is the chance of the patient having TB 2. 
However these biomarkers are indicative of an inflammatory process in the pleural cavity and do 
not define or identify the etiological agent. Studies have compared the level of ADA2, an 
isoenzyme of ADA found in monocytes to total ADA and have found it to be an efficient and 
better marker than total ADA 17. However it should be emphasized that the results of ADA test 
should be related to clinical context to make an efficient diagnosis.  



Gamma Interferon: 
Several studies have reported IFN-Ɣ as a sensitive and specific marker for diagnosing TPE 17. It 
is a cytokine released by activated CD4 T lymphocytes. A recent review analyzed the diagnostic 
performance of IFN-Ɣ in TPE and confirms the high diagnostic utility of this test25. Another meta-
analysis evaluating 22 studies reported a sensitivity and specificity of 89% and 97% 
respectively26. Combined utility of ADA and IFN-Ɣ had a maximum joint sensitivity and 
specificity of 93% for ADA and 96% for IFN-Ɣ. Although some studies have reported IFN-Ɣ was 
to be more useful than ADA, IFN-Ɣ is not preferred in a resource constraints setting due to high 
cost and complexity.     
 
Gamma interferon release assays: 
Recently the role of T cell based IFN-Ɣ release assays (IGRAs) have also been evaluated for 
the diagnosis of TPE17. This test is designed to detect latent TB and is not yet endorsed by the 
WHO for the diagnosis of active TB. A meta-analysis was conducted to evaluate utility of IGRAs 
for the diagnosis of active TB27. In this meta-analysis studies reporting effectiveness of IGRA for 
diagnosis of TPE were also included.  The pooled sensitivity and specificity of IGRA in the five 
studies that were included was 88% and 82% respectively. However these results were variable 
with the type of IGRA used and higher sensitivity and specificity was seen with T-SPOT.TB than 
QFT-G-IT. The authors concluded that the diagnostic accuracy of IGRAs was not sufficient to 
use this test to exclude TB27. They also stated that although a higher sensitivity and specificity 
of IGRAs was seen in fluids than blood further studies are required to recommend its 
widespread use for the diagnosis of TPE. Other authors have also suggested using ADA rather 
than IGRAs for TPE diagnosis due to its low cost and wide availability28. 
Due to the limitation of the above discussed methods scoring systems based on both laboratory 
and clinical have also been developed. These systems have been reported to be highly relevant 
and user friendly in high TB burden resource limited settings. 
 
MOLECULAR DIAGNOSIS: 
 
Nucleic acid amplification tests: 
In the last few years, there have been significant technological advances in the field of diagnosis 
of TB and MDR TB. The most exciting among them are the Nucleic acid amplification tests 
(NAATs) for the diagnosis of 
 TB. The two tests which have generated maximum interest are GeneXpert system (Xpert 
MTB/RIF) and Line Probe Assays (LPA).  
A recent study has evaluated Xpert MTB/RIF for pleural TB diagnosis and reported a sensitivity 
and specificity of 63% and 100% respectively29. Another study have evaluated 20 cases of 
confirmed TPE and found it to be 25% sensitive and 100% specific 30. The authors suggested 
that the sensitivity of this assay could be increased by optimization of sample collection, 
transport and processing. A recent study evaluating Xpert MTB/RIF for the diagnosis of TPE 
reported a sensitivity of 16% and specificity of 100%. The sensitivity of Xpert MTB/RIF 
performed on pleural tissue in the same study was 0% as the assay missed all culture positive 
cases31. In contrast to other body fluids and tissues, the limited sensitivity of Xpert MTB/RIF in 
pleural fluid and tissue could be explained by PCR inhibitors or low burden to TB bacilli in these 
specimens. Therefore use of Xpert MTB/RIF for diagnosis of TPE has currently very limited 
utility. 
Although the LPA were developed about 15 years ago, they became a popular diagnostic 
method recently, after WHO recommended a new policy of using line probe assays for rapid 
screening of patients at risk of MDR TB in 200832. The two commercially available line probe 
assays include INNO-LiPA Rif.TB (Innogenetics, Ghent, Belgium) targeting rpoB gene and 
GenoType MTBDRplus (Hain Lifescience GmbH, Nehren, Germany) 



targeting rpoB, katG and inhA genes in both culture isolates and clinical samples.  MTBDRplus 
assay permits the molecular genetic identification of M. tuberculosis complex and its resistance 
to rifampicin (Rif) and INH from culture isolates and clinical specimens directly33, 34. Although 
widely used for the diagnosis of pulmonary TB, with the utility of these tests in other 
extrapulmonary TB specimens35, MTBDRplus have not been evaluated for diagnosis of TPE in 
clinical setting.  
 
Pleuroscopy: 
It is an invasive technique which requires expertise and should be done in patients in whom 
diagnosis is unclear despite extensive workup. Adhesions and tubercles on parietal pleura can 
be seen via pleuroscopy and biopsy of the lesion is possible under direct vision36. Pleuroscopy 
has a diagnostic accuracy up to 100% with complication rates as low as 2-5%37. 

 
TREATMENT: 
It is expected that around 50% of untreated patient with TPE will develop active TB2. Therefore 
the goal of treatment of TPE should be to treat the infection, prevent the subsequent 
development of active TB, prevent the emergence of drug resistance, to relieve the symptoms 
of the patient, and to prevent the development of complication like fibrothorax. 
Treatment is essentially same as of pulmonary TB. Initial phase of the treatment consists of four 
drugs that include isoniazid, rifampicin, pyrazinamide and ethambutol. The continuation phase 
includes four month treatment with isoniazid and rifampicin. Drug susceptibility testing should be 
done and treatment should be modified later according to the susceptibility. With effective 
therapy the resolution of fever generally occurs in two weeks and pleural fluid is resorbed in six 
weeks. A paradoxical enlargement in the size of pleural effusion may be seen in the early phase 
of treatment in 10-15% of patients. Complete resolution of pleural fluid after initiation of 
treatment can take 6-12 weeks38. 
Around 50% of the patients can have residual pleural thickening post treatment39. The residual 
pleural thickening is more common if the pleural effusion is initially loculated, with a low pleural 
fluid glucose, a high pleural fluid LDH level and high pleural fluid cytokine levels40, 41. Regular 
follow up and monitoring can help with the compliance and reduce the risk of drug resistance.  
If the patient is more than mildly symptomatic, a therapeutic thoracentesis is recommended. 
Except for patients with large pleural effusion, complete drainage of pleural fluid does not affect 
short term or long term outcome and is not routinely recommended.  
Role of steroid therapy has been controversial in TPE. A Cochrane review that evaluated the 
effectiveness of steroid in the management of TPE found no sufficient evidence of steroids42. A 
study performed on 190 patients showed no role of steroids in the management of TPE43. In two 
controlled studies in which therapeutic thoracentesis were performed also failed to show any 
added benefits 44, 45. The administration of corticosteroids did not decrease the degree of 
residual pleural thickening44, 45. 
 
SUMMARY: 
Pleural TB is a common extrapulmonary manifestation of tuberculosis. The possibility of TPE 
should be considered in every patient with an undiagnosed lymphocyte predominant exudative 
pleural effusion. The definitive diagnosis of TPE needs presence of tubercle bacilli in specimens 
such as pleural fluid and/pleural biopsies, or by histological examination of pleural tissue for 
granulomas. The presumptive diagnosis can be made with history suggestive of TB, presence 
of an exudative lymphocytic effusion and high adenosine deaminase level in pleural fluid. In the 
last few years, there have been significant advances in the Nucleic acid amplification tests  for 
the diagnosis TB but the utility of NAATS for diagnosis of TPE has currently very limited. The 
chemotherapy for TPE is the same as that for pulmonary tuberculosis. The use of steroids is not 
recommended in the management of TPE. 



 
REFERENCES: 

1. World Health Organization, "Global Tuberculosis Control", World Health Organization, 
2013. [Cited on: 30th Nov 2013]. Available on: 
http://www.who.int/tb/publications/global_report/en/ 

2.  Light RW. Update on tuberculous pleural effusion. Respirology.  2010; 15:451–8. 
3.  Liam CK, Lim KH, Wong C. Causes of pleural exudates in a region with a high 

incidence of tuberculosis. Respirology. 2000; 5: 33–38 
4.  Gopi A, Madhavan SM, Sharma SK, Sahn SA. Diagnosis and Treatment of Tuberculous 

Pleural Effusion in 2006. Chest 2007;131;880-89 
5.  Sharma SK, Mohan A. Extrapulmonary tuberculosis. Indian J Med Res. 2004; 120: 316-

53.  
6. Heyderman RS, Makunike R, Muza T et al. Pleural tuberculosis in Harare, Zimbabwe: 

the relationship between human immunodeficiency virus, CD4 lymphocyte count, 
granuloma formation and disseminated disease. Trop. Med. Int. Health 1998; 3: 14–20. 
2 

7.  Luzze H, Elliott AM, Joloba ML et al. Evaluation of suspected tuberculous pleurisy: 
clinical and diagnostic findings in HIV-1-positive and HIV-negative adults in Uganda. Int. 
J. Tuberc. Lung Dis. 2001; 5: 746–53. 

8. Batungwanayo J, Taelman H, Allen S, Bogaerts J, Kagame A, Van de Perre P. Pleural 
effusion, tuberculosis and HIV-1 infection in Kigali, Rwanda. AIDS 1993; 7: 73-9. 

9.  Wolfgang Frank. Tuberculous Pleural Effusion, Tuberculosis - Current Issues in 
Diagnosis and Management, Dr. Bassam Mahboub (Ed.), 2013. ISBN: 978-953-51-
1049-1, InTech, DOI: 10.5772/54955.  

10. Light RW. Pleural Diseases, 5th edn. Lippincott, Williams and Wilkins, Baltimore, MD, 
2007. 

11. Jime´nez D, Diaz G, Gil D, Cicero A, et al. Etiology and prognostic significance of 
massive pleural effusions. Respiratory Medicine 2005; 99(9): 1183–87. 

12.  Medford A,  Maskell N. Pleural effusion. Postgrad Med J. 2005; 81(961): 702– 10 
13. Kim HJ, Lee HJ, Kwon SY et al. The prevalence of pulmonary parenchymal tuberculosis 

in patients with tuberculous pleuritis. Chest 2006; 129: 1253-8. 
14. Rahman NM, Chapman SJ, Davies RJ.  Pleural effusion: a structured approach to care.  

British Medical Bulletin 2004; 72: 31–47. 
15. Bielsa S, Palma R, Pardina M, Esquerda A, Light RW, Porcel JM. Comparison of 

polymorphonuclear- and lymphocyte-rich tuberculous pleural effusions. Int J Tuber Lung 
Dis 2013; 17 (1): 85-89. 

16. Sahn SA, Huggins JT, San Jose ME, Alvarez-Dobano JM, Valdes L. Can tuberculous 
effusions be diagnosed by pleural fluid analysis alone? Int J Tuberc Lung Dis 2013, 
17(6): 787-93. 

17. Trajman A, Pai M, Dheda K, et al. Novel tests for the diagnosing tuberculous pleural 
effusion: what works and what does not? Eur Respir J 2008; 31: 1098-1106. 

18. ERS monograph 
19. Valdes L, Alvarez D, San Jose E, et al. Tuberculous pleurisy: study of 254 patients. Arch 

Intern Med 1998; 158: 2017–2021. 
20. Conde MB, Loivos AC, Rezende VM, et.al. Yield of sputum induction in the diagnosis of 

pleural tuberculosis. Am J Respir Crit Care Med 2003; 167: 723-5. 
21. Chaudhuri AD, Bhuniya S, Pandit S, Dey A, Mukherjee S, Bhanja P. Role of sputum 

examination for acid fast bacilli in tuberculous pleural effusion .Lung India. 2011; 28(1): 
21–24.  

http://www.ncbi.nlm.nih.gov/pubmed?term=Batungwanayo%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8442920
http://www.ncbi.nlm.nih.gov/pubmed?term=Taelman%20H%5BAuthor%5D&cauthor=true&cauthor_uid=8442920
http://www.ncbi.nlm.nih.gov/pubmed?term=Allen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=8442920
http://www.ncbi.nlm.nih.gov/pubmed?term=Bogaerts%20J%5BAuthor%5D&cauthor=true&cauthor_uid=8442920
http://www.ncbi.nlm.nih.gov/pubmed?term=Kagame%20A%5BAuthor%5D&cauthor=true&cauthor_uid=8442920
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20de%20Perre%20P%5BAuthor%5D&cauthor=true&cauthor_uid=8442920
http://www.ncbi.nlm.nih.gov/pubmed/8442920
http://www.ncbi.nlm.nih.gov/pubmed/?term=Medford%20A%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Maskell%20N%5Bauth%5D
http://www.ingentaconnect.com/content/iuatld/ijtld
http://www.ingentaconnect.com/content/iuatld/ijtld
http://www.ncbi.nlm.nih.gov/pubmed?term=Conde%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=12598215
http://www.ncbi.nlm.nih.gov/pubmed?term=Loivos%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=12598215
http://www.ncbi.nlm.nih.gov/pubmed?term=Rezende%20VM%5BAuthor%5D&cauthor=true&cauthor_uid=12598215
http://www.ncbi.nlm.nih.gov/pubmed/12598215


22. Sharma SK, Suresh V, Mohan A, et al. A prospective study of sensitivity and specificity 
adenosine deaminase estimation in the diagnosis of Tuberculosis pleural effusion. Indian 
J Chest Dis Allied Sci. 2001; 43: 149–155.  

23. Liang QL, Shi HZ, Wang K et al. Diagnostic accuracy of adenosine deaminase in 
tuberculous pleurisy: a meta-analysis. Respir.Med.2008; 102: 744–54.  

24. Jimenez CD, Diaz NG, Perez-Rodriguez E et al. Diagnostic value of adenosine 
deaminase in nontuberculous lymphocytic pleural effusions. Eur. Respir. J. 2003; 21: 
220–4. 

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

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

27. Sester M, Sotgiu G, Lange C et al. Interferon-gamma release assays for the diagnosis of 
active tuberculosis: a systematic review and meta-analysis. Eur Resp J 2011; 37: 100-
111. 

28. Shah K, Udwadia Z. Interferon-gamma release assay for diagnosis of active pleural 
tuberculosis: a developing world perspective. Eur Rep J 2011; 38: 746. 

29. Vadwai V, Boehme C, Nabeta P, Shetty A, Alland D, Rodrigues C. Xpert MTB/RIF, a 
new pillar in the diagnosis of extrapulmonary tuberculosis? J Clin Microbiol 2011; 49: 
2540-45. 

30. Friedrich SO1, Von Groote-Bidlingmaier F, Diacon AH. Xpert MTB/RIF Assay for 
Diagnosis of Pleural Tuberculosis. J Clin Microbiol 2011; 4341–42. 

31. Christopher DJ, Schumacher SG, Michael JS. Performance of Xpert MTB/RIF on pleural 
tissue for the diagnosis of pleural tuberculosis. Eur Respir J 2013; 42(5):1427-29. 

32. World Health Organization. Molecular line probe assays for rapid screening of patients at 
risk of multi-drug resistant tuberculosis (MDR-TB). Geneva, World Health Organization, 
2008. [Cited on 1st Nov 2013] Available at: 
http://www.who.int/tb/features_archive/expert_group_report_june08.pdf 

33. Lacoma A, Garcia-Sierra N, Prat C, et al. Genotype MTBDRplus assay for molecular 
detection of rifampin and isoniazid resistance in Mycobacterium tuberculosis strains and 
clinical samples. J Clin Microbiol 2008; 46: 3660-7.  

34. Ling, DI, Zwerling AA, Pai M. GenoType MTBDR assays for the diagnosis of multidrug 
resistant tuberculosis: a meta-analysis. Eur Respir J 2008; 32(5): 1165–74.  

35. Alvarado-Esquivel C, García-Corral N, Carrero-Dominguez D, et al. Molecular analysis 
of Mycobacterium isolates from extrapulmonary specimens obtained from patients in  
Mexico. BMC Clin Pathol. 2009; 9:1.  

36. Diacon AH, Van de Wal BW, Wyser C, et al. Diagnostic tools in tuberculous pleurisy: a 
direct comparative study. Eur Respir J 2003; 22:589–91. 

37. Michaud G, Berkowitz DM, Ernst A. Pleuroscopy for diagnosis and therapy for pleural 
effusions. Chest 2010; 138: 1242-46. 

38. Han DH, Song JW, Chung HS, et al. Resolution of residual, pleural disease according to 
time course in tuberculous pleurisy during and after the termination of anti-tuberculosis 
medication. Chest 2005; 128:3240–45. 

39. Barbas CS, Cukier A, de Varvalho CR, et al. The relationship between pleural fluid 
findings and the development of pleural thickening in patients with pleural tuberculosis. 
Chest 1991; 100:1264. 

40. Han DH, Song JW, Chung HS et al. Resolution of residual pleural disease according to 
time course in tuberculous pleurisy during and after the termination of anti-tuberculosis 
medication. Chest 2005; 128: 3240–5. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Alvarado-Esquivel%20C%5BAuthor%5D&cauthor=true&cauthor_uid=19272158
http://www.ncbi.nlm.nih.gov/pubmed?term=Garc%C3%ADa-Corral%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19272158
http://www.ncbi.nlm.nih.gov/pubmed?term=Carrero-Dominguez%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19272158
http://www.ncbi.nlm.nih.gov/pubmed?term=Molecular%20analysis%20of%20Mycobacterium%20isolates%20from%20extrapulmonary%20specimens%20obtained%20from%20patients%20in%20Mexico
http://www.uptodate.com/contents/tuberculous-pleural-effusions-in-hiv-negative-patients/abstract/52
http://www.uptodate.com/contents/tuberculous-pleural-effusions-in-hiv-negative-patients/abstract/52
http://www.uptodate.com/contents/tuberculous-pleural-effusions-in-hiv-negative-patients/abstract/52


41. Barbas CS, Cukier A, de Varvalho CRR et al. The relationship between pleural fluid 
findings and the development of pleural thickening in patients with pleural tuberculosis. 
Chest 1991; 100:1264–7. 

42. Matchaba PT, Volmink J. Steroids for treating tuberculous pleurisy. Cochrane Database 
System Review. 2000 (2):CD001876. 

43. Mansour AA, Al-Rbeay TB. Adjunct therapy with corticosteroids or paracentesis for 
treatment of tuberculous pleural effusion. East Mediterr Health J. 2006; 12: 504-8.   

44. Galarza I, Canete C, Granados A, et al. Randomised trial of corticosteroids in the 
treatment of tuberculous pleurisy. Thorax 1995; 50: 1305–7. 

45.  Wyser C,Walzl G, Smedema JP et al. Corticosteroids in the treatment of tuberculous 
pleurisy. A double-blind, placebo controlled randomized study. Chest 1996; 110: 333–8. 

http://www.ncbi.nlm.nih.gov/pubmed?term=Mansour%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=17333787
http://www.ncbi.nlm.nih.gov/pubmed?term=Al-Rbeay%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=17333787
http://www.ncbi.nlm.nih.gov/pubmed/17333787

