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Abstract: 
Background: Pleural tuberculosis is the second most common form of EPTB cases in Bangladesh. The reported 

extrapulmonary tuberculosis (EPTB) prevalence in Bangladesh is 4.8% to 21.98% which shows an increasing 

trend. Conventional diagnostic techniques required more time and less sensitive due to paucibacillary nature of 

M. tuberculosis. Various studies showed that using a single primer in PCR assay may fail to detect all cases. 

This study was carried out to evaluate PCR assay by using IS6110 and TRC4 primers to detect Pleural 
tuberculosis.  

Material and Methods: A total of 53 samples from clinically suspected cases of pleural tuberculosis of all age 

and sex group were sent to Microbiology and Immunology Department ,Bangabandhu Sheikh Mujib Medical 

University for laboratory investigation of M. tuberculosis, fulfilling the inclusion criteria were enrolled in the 

study  from March 2013 to February 2014. Culture in Lowenstein Jensen media, Z-N stain microscopy, ADA 

assay, cytology, histopathology and other biochemical test was performed. Conventional PCR was performed by 

using two pairs of primes IS6110 and TRC4. Amplified products for IS6110 and/or TRC4 were indicative of M. 

tuberculosis. 

Results: Out of 53 suspected Pleural tuberculosis cases, 31 were confirmed as pleural TB and rest 22 were 

diagnosed as non-TB cases according to diagnostic criteria. Among 31 Pleural tuberculosis cases 7(22.58%) 

were positive by microscopy and culture .PCR test was found positive in 27 (87.09%) cases. Regarding culture 

as the gold standard, TRC4 primers had a higher sensitivity (66.66%). But when combined assay of the two 
primers were considered, the sensitivity increased to 70% in detecting pleural TB. 

Conclusion: The use of TRC4 can be helpful for improved detection of M .tuberculosis. This study showed that, 

combined assay of PCR using TRC4 and IS6110 primers can increase the sensitivity of PCR test. It was also 

observed that a clinicopathological correlation with microbiological and molecular test result can play a 

significant role in diagnose the pleural TB cases. 
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I. Introduction: 
Tuberculosis (TB) still remains the most important bacterial infectious disease worldwide as 

approximately 10.0 million new cases and 1.2 million TB deaths were estimated globally in 20191. 

Geographically, the burden of TB is highest in South-East Asia and Africa. Bangladesh has 3.6% of the world’s 

TB cases1. 

In Bangladesh, the Extra pulmonary tuberculosis (EPTB) prevalence was reported to be 21.98% to 

25.5%2. One of the most common sites of extrapulmonary tuberculosis is tuberculous pleural effusion (20%)3. In 

our country, tubercular pleural effusion is the second most common form of presentation followed by among all 

EPTB cases 2. 

The diagnostic criteria have limitations in extra-pulmonary TB due to the paucibacillary nature of 
extra-pulmonary specimens and non-specific signs and symptoms of the disease 4. 

Studies have shown that positive Mantoux test, elevated ESR, cytology, elevated adenosine deaminase 

level in pleural fluids may be important components in the diagnosis of pleural tuberculosis5,6 . But all the above 

mentioned methods has not established as confirmatory. These inadequacies necessitate the development of an 

improved, sensitive and specific test for early detection of mycobacterium in clinical specimen. 
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PCR is a highly sensitive assay that amplifies target nucleic acid region and uniquely identify 

Mycobacterium tuberculosis which may even detect 1-10 organisms within 3-6 hours in different clinical 

specimens7,8.  Negi et al (2005) showed that mycobacterial culture negative clinical specimens obtained from 
cases who were being treated and responded afterwards with anti-tubercular treatment (ATT), were positive by 

PCR test and thereby suggesting that the DNA amplification method could detect even nonviable mycobacteria
9
. 

Studies revealed that the sensitivity of PCR ranges from 42% to 93%  depending on the clinical 

specimens targeting various parts of the genome such as IS6110, 65kDa, devR, TRC4, GCRS, MPB64 etc for 

the detection of Mycobacterium tuberculosis10,11,12. Among them, most of the studies have generally targeted the 

multi-copy IS6110 sequence of the genome with a sensitivity of 80.5%13,14. However, the absence or the 

presence of only a few copies of IS6110 sequence has been reported in some strains, particularly those from 

Southeast Asia13. A large number of clinical isolates of M. tuberculosis from South India had either a single 

copy (40%) or no copy (4%) of IS6110 resulting false negative results15.   

TRC4, a repetitive element with three open reading frames (ORFs) has been demonstated to be highly 

sensitive and specific targets as an ideal target for PCR assays to identify M. tuberculosis with a sensitivity of 
91%; even in strains carrying no copies of IS6110 intuberculous patients15,16,17. Studies also have demonstrated 

that an increased diagnostic yield can be achieved by PCR assays using multiple primers than that by using 

single primer to elude misdiagnosi18,19,20. 

Considering the increasing number of pleural TB cases in Bangladesh, there is an urgent need for rapid 

and accurate diagnostic modalities to detect pleural TB. The present study was undertaken to evaluate the 

combined result of PCR assay in the detection of Mycobacterium tuberculosis using IS6110 and TRC4 primer 

from tubercular pleural effusion. 

 

II. Materials and Methods 
Study population: A total of 53 samples of tubercular pleural effusion collected from clinically suspected cases 

of pleural tuberculosis of all age and sex group fulfilling the inclusion criteria were enrolled in the present study. 

All samples were subjected to ADA testing and cytological, biochemical and microbiological examination. 

Other supporting investigations were collected from patient case files 

Study Design: Cross sectional type of comparative study. 

Study Location: Department of Microbiology and Immunology, Bangabandhu Sheik Mujib Medical University 

(BSMMU) Dhaka, Bangladesh. 

Study Duration: March 2013 to February 2014. 

Based on the diagnostic criteria out of the 53 patients, 31 were diagnosed as pleural tuberculosis and rest 22 

were non-tuberculous group. Treatment response with anti tuberculour drugs were followed up in all patients in 

the TB group and showed marked improvement. A positive to treatment response was defined as the 

improvement of clinical and / or imaging findings of two months after two months of treatment. 

 

Inclusion criteria: 
9, 21, 22. 

Pleural TB cases were diagnosed by clinical menifestation and/or imaging evidence suggesting TB with one or 

more of the three criteria: 

1. Positive tuberculin test and, significant level of ADA value (≥ 40 U/L) and lymphocytic exudative 

body fluid (protein level ≥0.45g/l and /or glucose ≤ 2.5 mmol) , 

2. Detection of AFB by microscopy or isolation of mycobacteria by culture from clinical samples and  

3. Clinical features compatible with TB, having positive tuberculin test and / or high ESR and clear 

response to anti-TB drugs.  

 

Exclusion criteria:  

 Patients who have taken anti tubercular drugs and refused to be a part of the study were excluded  

Sample collection and processing: 

At least 40 ml fluid was aseptically collected in a sterile tube containing heparin or EDTA with a sterile syringe 

by attending Physician using aspiration technique.Five ml was sent for routine bio chemical (glucose, protein) 

test and 15 ml for cytological analysis. Gram stain, routine bacteriological culture,L-J culture, ADA testing,AFB 

smear for Z-N staining and PCR assay were performed by remaining 20 ml23. These specimens were processed 

within four hours of collection.Collected samples were centrifuged at 3000 x g for 30 minutes. After 

centrifugation of pleural fluid, supernatant was taken for ADA assay.ADA level was determined by colorimetric 

method. After that, deposit was inoculated immediately onto L-J culture medium for mycobacterial 

culture.Remaining deposits were used for AFB smear for Z-N stain and PCR assay or stored at -20ᵒ C in a 

freezer until tested24. All the steps including sample processing, smear preparation and culture were done in a 

biosafety level-2 cabinet. Other investigations such as Hb per cent, total count (TC), differential count (DC), 
ESR, tuberculin test, chest X-ray were included as supportive indicator in this study.  
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Amplification of Mycobacterial DNA 

DNA was extracted from specimens per the manufacturer’s instructions using the QIAGEN QIAamp 

DNA mini kit (QIAGEN, Valencia, CA). Identification of M.tuberculosis done by using two pairs of primers 
designed to amplify specific sites of Mycobacterial genome are: IS6110a(5'-CCT GCG AGC GTA GGC GTC 

GG- 3') and IS6110 b (5'- CTC GTC CAG CGC CGC TTC GG-3') and TRC4primer 1(5’ – GAC AAC GAC 

GTG CGC CTA CT – 3’) and TRC4primer 2(5’ – GAC CGA ATT AGC GTA GCT CC – 3’). Primer 

IS6110and primerTRC4amplify fragment with a length of 123 bp and 173 bp respectively [16,20]. Primers were 

obtained from Tuberculosis Research Centre (TRC-ICMR) Chennai, India. 

 

PCR assay: 
A 20 μl PCR mixture and 5 μl template DNA was mixed to prepare 25 μl reaction mixture of PCR. 

PCR mixture was prepared according to the number of sample tested at a time in a microcentrifuge tube with 

master mix 5µL, primer forward 1µl,primer reverse 1µl and volume made up to 20 μl with dH2O. 20 μl PCR 

mix for each sample is then transferred to 0.2 ml PCR tubes. Then 5 μl of specimen DNA added to each tube 
making total volume of reaction mixture 25 μl/tube. Amplification was carried out in a thermal cycler (MJ 

Rsearch, PTC-200 Peltier thennal cycler) involving the following steps, which were pre-programmed in the 

machine. 

 

                  Table no I: Programmed steps of PCR in the thermal cycler 16, 20. 
Steps IS6110(35 cycle) TRC4(25 cycle) 

l. lnitial denaturation 94°C for 5 min 95°C for 5 min 

2. Denaturation 94°C for 2min 94°C for 30 sec 

3. Annealing  68°C for 2min 58°C for 30 sec 

4. Extension 72°C for 1 min 72°C for 30 sec 

5. Looping(step 2-4) 31 times 31 times 

6. Final extension 72°C for 7 min 72°C for 5 min 

7. Hold A 4°C for 24 hrs 4°C for 24 hrs 

8. End End End 

 

Each run of the PCR assay included one positive control and one negative control to compare the 

obtained results. DNA of H37RV strain was used as positive control and PCR grade water as negative control. 

The PCR products were electrophoresed on a 1.5% agarose gel in 1 TBE buffer containing Ethedium bromide 

at 10 mg/ml concentration; 3 l of 100bp ladder marker was also loaded. Electrophoresis done at 5 mAmp/ cm’ 
for 1.5 to 2 hours. After completion of electrophoresis, illumination of the gel done under U-V light (254-366 

nm) and at the same time image recorded using a gel documentation (gel doc) system (BIORAD, Italy). The bp 

size was determined by using software included in gel doc system. 
 

Statistical analysis: 

After collection all data were checked and edited then analyzed by using computer based SPSS 

(Statistical Package of Social Science) software version: 17.00with a 95% confidence interval (95% CI).The 

results of individual tests were compared byChi square ( ᵪ 2) test and ANOVA test. p value < 0.05 was taken as 

minimum level of significance. Significance was calculated by Z-test of proportion. 

 

III. Result: 
A total of 53 clinically suspected patients of having pleural tuberculosis were enrolled in this study. 

The patients were divided in two groups –tuberculous(58.49%) and non-tuberculous22 (41.50%) group Table no 

2.  The mean age of the study subjects was 34.17 ± 1.42 years with age ranging from 1- 75 years. 

 

Table no 2: Distribution of study population as per diagnostic criteria (n=53) 

 

*The samples collected from the 22 non-TB pleural fluids cases included from the patients diagnosed as 

malignancy(15), parapneumonia(03) and congestive cardiac failure (04) 

Out of 22 non-Tb pleural fluid samples 1(4.54%) was positive in PCR by using IS6110 primer. None 

were positive by mycobacterial culture and TRC4 primer. The major presenting clinical features included fever, 

malaise, chest pain, cough, weight loss and anorexia. Out of 31 pleural tuberculosis cases 25(80.64%)) were 
tuberculin positive and mean ESR was 87.46 ± 2.34. All of the 31 pleural fluid samples from patients in the 

Study population No. of cases ( %) 

Extrapulmonary tuberculosis(EPTB) cases 31(58.49) 

 

*Nontuberculous (non- TB) cases 22(41.50) 
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study had ADA ≥ 40 U/l with mean of 69.17±3.78 and lymphocytic exudative effusions with mean lymphocyte 

differential count of 84.28 ± 7.28. Of all cases, 45.71% cases had positive imaging evidence suggestive for 

tuberculosis. All the thirty one pleural tuberculosis patients responded to anti-tubercular treatment. 
Results of AFB smear and Mycobacterial culture of EPTB samples are shown in Table no 3. Out of 31 

pleural fluid samples, 5(16.13%) were positive in mycobacterial culture alone and 2(6.45%) were positive by 

both AFB smear and culture. 

 

Table no 3: Results of AFB smear and Mycobacterial culture in pleural fluid samples among pleural TB cases 

(n=31) 

 

 

Comparison between different combination of two primer with AFB smear and culture result among 

PCR positive pleural tuberculosis cases has been demonstrated in Table no 4.  Among 7 smear and culture 

positive cases, both IS6110 and TRC4 showed 74.19% PCR positivity. By using PCR only IS6110 and only 

TRC4 showed 1428% and 28% positivity respectively. Among 24 smear and culture negative cases, 79.16% 

were PCR positive by using both IS6110 and TRC4 primer simultaneously and only TRC4 showed 4.16% 

positivity.  

 
Table no 4: Comparison between different combinations of primers with AFB smear and culture result among 

PCR positive pleural tuberculosis cases (n=31) 
Test Number of 

sample 

PCR positive by n=27 

Both IS6110 & TRC4 

n (%) 

Only IS6110 

n (%) 

Only TRC4 

n (%) 

AFB smear &/or culture 

positive 

7 4(57.14%) 1(14.28%) 02(28.57%) 

Both AFB smear & culture 

negative 

24 19(79.16%) 0(0%) 01(4.16%) 

Total 31 23(74.19%) 1(3.22%) 03(9.67%) 

 

Note: Two different primers were used. Samples positive by any of the primer considered PCR positive 
The primer evaluation considering culture as a gold standard in diagnosis of pleural tuberculosis cases was 

revealed in Table no 5.  The sensitivity and specificity of IS6110 were 62.5% and 95.45% respectively. The 

sensitivity and specificity of TRC4 were 66.66% and 100% respectively. The combined results of PCR assays 

using both primers showed the highest sensitivity characteristics compared to the individual IS6110 and TRC4 

assay. The sensitivity and specificity of combined PCR assay were 70% and 95.45% respectively. 

 

Table no 5: Primer evaluation in diagnosis of EPTB among the study population. 
 IS6110 

(%) 

TRC4 

(%) 

Combined PCR assay 

 (%) 

Sensitivity 62.50 66.66 70.00 

 

Specificity 95.45 100 95.45 

PPV 83.33 100 87.50 

NPV 91.21 95.45 91.21 

Note: Culture was considered as gold standard. 

 

 

 Number % 

Only AFB smear positive 

 

0 0 

Only mycobacterial culture positive 

 

5 16.13 

Both AFB smear & culture positive 

 

2 6.45 

Total Bacteriological test positive 

 

7 22.58 
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IV. Discussion 
The diagnosis of pleural tuberculosis poses a special challenge as it is often missed or misdiagnosed 

due to its atypical presentations. The poor performance of conventional microbiological techniques, due to its 

non-uniform distribution of microorganisms; the paucibacillary nature of the specimens, the diagnosis is largely 

based on clinical suspicion and non-microbiological parameters in pleural specimens. Polymerase chain reaction 

(PCR) is the best known Nucleic acid amplification (NAA) test which amplifies target nucleic acid regions that 

uniquely identifies the Mycobacterium tuberculosis complex. Kumar et al (2013) has summarized from various 

studies that the sensitivity of PCR testing has been varied ranging from 42% to 93% mainly due to different 

target nucleic acid sequences and the clinical specimens, but no definitive study among Bangladeshi population 

has been carried out before comparing the use between combined assay of dual primer with the single primer 

assay25,26. 

 In this study, diagnostic efficacy of PCR was evaluated in relation to the conventional techniques. A 
total of 53 suspected pleural tuberculosis cases were included in this study. Among them 31 patients were 

finally diagnosed as pleural tuberculosis and 22 were non-TB cases. Pleural fluid samples collected from this 

suspected pleural tuberculosis cases were subjected to AFB smear, AFB culture by L-J media and PCR. To 

assess a better target for PCR amplification, two sets of Mycobacterium tuberculosis complex specific primers, 

namely IS6110 and TRC4 were used. Then the combined assay of these two primers was compared with the 

single assay. 

On comparing the detection rate of pleural tuberculosis cases between bacteriological examination and 

PCR assay, PCR test was found much more superior than AFB smear and L-J medium culture in this study (p < 

0.005). Among 31 TB cases PCR showed positivity in 27(87.09%) cases. Trajmanet al. (2007) also showed 

PCR positivity of 82.4%in pleural fluid 27. Only culture was positive in 5(16.13%) cases and both AFB and 

culture positive in 2(6.45%).(Table-IV). This higher positivity rate of PCR in this study than that of the AFB 
smear and culture is comparable with the study of Negi et al(2005) who showed sensitivity of PCR ,AFB smear 

by Z-N stain and L-J medium culture 74.4%,33.79% and 48.9% respectively9. 

Only seven cases were found positive by bacteriological test (AFB smear & or culture by L-J medium). 

This low yield of AFB smear and culture may be due to the paucibacillary nature of pleural fluid samples. The 

lower positivity of AFB smear and culture in the present study is comparable with that of many other studies 

where the positivity of AFB smear and culture was respectively <l0% and 12-70% in pleural fluid11, 28.   

Of 22 non-TB samples, a case of malignant pleural effusion was false positive by PCR assay using 

IS6110 primer. It can be explained by that, in country like Bangladesh where the prevalence of tuberculosis is 

very high, the immunosuppressive nature of malignant lesion is capable of reactivating a latent tubercular 

infection; hence, malignancy and tuberculosis may coexist [11]. Study also showed that the central sequence 

(IS) of IS6110 may be found to be homologous with other atypical mycobacteria such as M.avium-

M.intracellulare complex which may cause false positive result29. This could be also due to cross contamination 
during tube to tube transfer26. 

Out of seven bacteriological test positive pleural TB cases, unexpectedly 1 (14.28%) case was found 

negative by PCR. This false negativity of PCR test can be explained either by sampling errors, inefficient 

extraction of DNA, or the presence of PCR inhibitors30.  

All the PCR positive with bacteriological negative cases were responded to antitubercular treatment 

with significant clinical improvement. Cheng et al (2004) stated that, in patients particularly with clinical and 

radiological features suggestive of active tuberculosis, a negative AFB culture cannot exclude a clinical 

diagnosis of tuberculosisas demonstrated in our   patients
31

. There can be a variety of reasons for a positive TB 

PCR but negative AFB culture and AFB smear. For example, the M. tuberculosis count may be low at the tissue 

level or the organisms may not be viable but the presence of mycobacterial DNA in tissues could still be easily 

detected by PCR at the early stage31,32.  
Among the PCR positive cases, 87.09% cases were positive simultaneously by two primers.TRC4 

gene-based PCR showed highest 80.64% positivity and IS6110 showed 77.41%positivitybut the difference was 

not significant (p > 0.05). Three (9.67%) cases were found to be negative by IS6110 that were positive by TRC4 

primer. These are not false negatives because among these three cases, two cases were positive by 

bacteriological test and one case was  responded to antitubercular treatment subsequently. Other studies in India 

and in other geographical regions of the world have also reported similar results [9,16,20]. Reason of this may 

be due to absence or low copy number of IS6110 in genome of some isolates of Mycobacterium tuberculosis 

mostly reported from south-east India, Tanzania, Malaysia, Oman and Denmark15,33. 

The combined results of two assays showed the better positivity compared to the individual IS6110 and 

TRC4 assays. Considering culture as a gold standard the sensitivity of IS6110 was 62.50% and TRC4 was 66.66 

%. But when combined assay was considered, it was increased to 70%. Using one or more sets of primers 

especially from a repetitive element like TRC4 could be advantageous in increasing the sensitivity of PCR. This 
study confirms the utility of combined assay to detect M. tuberculosis from pleural fluid samples16, 20. 
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Despite the higher sensitivity of PCR, AFB and culture remain an important technique for diagnosing 

of pleural TB. In this study, if the PCR positive result had been accepted as the only diagnostic criteria, it would 

have missed one bacteriologically confirmed case. So, a combination of conventional techniques and PCR in 
conjunction with clinical parameter must be applied for the diagnosis of paucibacillary nature in pleural 

tuberculosis to achieve maximum sensitivity.  

 

V. Conclusion and Limitations: 
Our study demonstrated that considering combined assay by using two primers (IS6110 & TRC4) will 

increase accuracy of M. tuberculosis detection in pleural TB. Also it may be very useful in cases those are 

highly suspected for pleural tuberculosis but negative for bacteriological test .This may improve clinician’s 

ability to better diagnosis in pleural tuberculosis. In addition, rapidity of the test allows quick implementation of 

treatment regimen. There were some limitations in this study. PCR inhibitors could not be identified and after 
DNA extraction DNA concentration could not be measured.  
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