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Summary

Pleural tuberculosis is an extra-pulmonary disease which poses a diagnostic dilemma. The
detection of mycobacterial DNA by IS6110 polymerase chain reaction (PCR) in clinical
samples is a promising approach for the rapid diagnosis of pleural tuberculosis infections.
The aim of the present study is to evaluate the advantage of using IS6110 PCR for rapid
detection of Mycobacterium tuberculosis (M. tuberculosis) from pleural fluid. 102 clinically
suspected cases of pleural tuberculosis cases were enrolled from inwards and outwards
of the Department of Pulmonary Medicine at Chattrapati Shahuji Maharaj Medical
University, Lucknow from April 2007 to April 2010. The pleural fluids were processed
at the Mycobacteriology Laboratory of Department of Microbiology at Sanjay Gandhi
Postgraduate Institute of Medical Sciences, Lucknow, Pleural fluid samples were processed
and examined by Ziehl Neelsen (ZN) staining for acid fast bacilli and detection of M.
tuberculosis by BACTEC culture. We applied IS6110 PCR to detect specific M. tuberculosis
complex in pleural fluid samples. We found a significant difference in sensitivity of
different tests, acid fast bacilli were detected in 17 (16.6%) samples by ZN Staining , 47
(46.1%) by BACTEC culture and using IS6110 PCR, 62 (60.7%) were positive for IS6110
PCR for M. tuberculosis. We found IS6110 PCR was much more sensitive than ZN staining
and BACTEC culture. IS6110 PCR detection of M. tuberculosis may be very useful in
cases that are highly suspect as pleural tuberculosis and those that are negative for AFB
and culture. IS6110 PCR may gain an immense prospective to better clinicians ability to
improve diagnosis of pleural tuberculosis.
Keywords: Tuberculosis, pleural fluids, Mycobacterium tuberculosis (M. tuberculosis),
polymerase chain reaction

1. Introduction
Pleural tuberculosis is responsible for 30-80% of all
pleural effusions encountered and may complicate
tuberculosis in 31% of all cases (1). Thus, tuberculous
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pleuritis remains a major contributor to worldwide
morbidity and mortality. It poses diagnostic and
therapeutic problems due to the low sensitivity of
the diagnostic tools. Conventional culture is time
consuming and lacks sensitivity; smears for acidfast bacilli (AFB) is rapid but the sensitivity has not
been evaluated in pleural fluid. However, it has been
reported to be positive in less than 10-37% of patients
and mycobacterial cultures in variable proportions
(12-80%) in different body fluids (2). The diagnostic
dilemma can affect treatment by either delaying it or
causing inappropriate empiric therapy for tuberculosis
(TB) to subjects without mycobacterial infections or
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with atypical mycobacteria (3). The development of
a diagnostic method capable of rapidly identifying
Mycobacterium tuberculosis (M. tuberculosis) in
pleural fluid from patients remains a worthwhile aim.
Several studies have been reported on PCR to detect
M. tuberculosis (4-8). The detection of the IS6110
insertion element present in multiple copies (9) can be
used to detect M. tuberculosis complex, but no other
mycobacterial species. The aim of the present study is
to evaluate the advantage of IS6110 PCR vs. BACTEC
culture for rapid detection of M. tuberculosis from
pleural fluid in Northern India.
2. Materials and Methods
2.1. Study design
The study was performed prospectively in a blinded
manner. Study setting was Referral Medical Institutions
in Northern India.
2.2. Study population
A total of 102 clinically suspected cases of pleural
tuberculosis were enrolled from inwards and outwards
of the Department of Pulmonary Medicine, Chhatrapati
Shahuji Maharaj Medical University, Lucknow, from
April 2007 to April 2010.
2.3. Clinical information and data collection
The clinical history regarding disease, present and past
history of TB and anti-tuberculosis treatment (ATT)
taken along with information regarding family history
of tuberculosis was obtained in prescribed proforma.
Clinical examination and pleural fluid (approximately
2-5 mL) was aspirated, after informed consent, by
the clinician and stored at 4°C and transferred to
the Mycobacteriology Section of Department of
Microbiology, Sanjay Gandhi Postgraduate Institute
of Medical Sciences, Lucknow, India (within 4 h of
collection). Patient profiles and clinical data were
retrieved from the medical record case file.
2.4. Processing and microbiological test of pleural fluid
Pleural aspirate was divided into two parts, one
part was kept at −20ºC for PCR processing and the
other part was processed for mycobacterial smear
preparation and BACTEC culture. Smears were
stained using the ZN method and examined for AFB
(10). BACTEC vials were incubated and interpreted
as per Becton Dickinson (BD, Sparks, MD, USA)
manual instructions (11). The p-nitro-α-acetylaminoβ-hydroxy propiophenone (NAP) identification was
done to differentiate M. tuberculosis complex from non
tuberculous mycobacteria (11).

2.5. Extraction of DNA
Extraction of DNA was done by the CTAB (cetyltri-methyl-ammonium bromide) -phenol chloroform
extraction method (12). First the pleural aspirate was
centrifuged at 10,000 rpm for 10 min. The supernatant
was discarded and the pellet suspended in 567 μL of TE
(Tris EDTA, pH 7.4) buffer, 30 μL 10% SDS (sodium
dodecyl sulfate) and 3 μL proteinase K (20 mg/mL),
mixed and incubated at 37°C for 1 h. After incubation,
100 μL of 5 M NaCl and 80 μL of high-salt CTAB buffer
(containing 4 M NaCl), 1.8% CTAB was added and
mixed followed by incubation at 65°C for 10 min. An
approximate equal volume (0.7-0.8 μL) of chloroformisoamyl alcohol (24:1) was added, mixed thoroughly
and centrifuged for 4-5 min in a microcentrifuge at
12,000 rpm. The aqueous viscous supernatant was
carefully decanted and transferred to a new tube. An
equal volume of phenol: chloroform-isoamyl alcohol
(1:1) was added followed by a 5 min spin at 12,000
rpm. The supernatant was separated and then mixed
with 0.6 volume of isopropanol to get a precipitate.
The precipitated nucleic acids were washed with 75%
ethanol, dried and re-suspended in 100 μL of TE buffer.
2.6. Primers and PCR
The amplification reaction was performed in a final
volume of 20 μL. The reaction mixture contained 10
μL Pyrostart Fast PCR Master Mix 2X (dNTP, Taq
polymerase with MgCl2, Fermentas, India), 1 μL (10
pmole) of each primer, 3 μL water (nuclease free) and
5 μL of extracted DNA. The oligonucleotide primers
(13) used were P1 and P2, and are: 5'-CCT GCG AGC
GTA GGC GTC GG3' and 5' CTC GTC CAG CGC
CGC TTC GG 3' respectively (SBS Gentech Co., Ltd.).
These primers amplified a target fragment 123 base
pairs (bp) from the insertion of the M. tuberculosis
sequence element IS6110. The PCR amplification was
done in a thermal cycler (MJ Research ,PTC-100, GMI,
Inc, USA), which involved 40 cycles of denaturation at
94°C for 2 min, annealing of primers at 68°C for 2 min,
and primer extension at 72°C for 1 min. The amplified
products were separated on 2% agarose gels and
visualized on a UV-light transilluminator (Bangalore
Genei, Bangalore, India). The presence of the 123 bp
fragment indicated a positive test (M. tuberculosis
complex). The positive controls included the DNA of
the H37Rv strain. Negative control included PCR grade
water.
2.7. Statistical analysis
We assumed statistical significance at p < 0.05. The
sensitivity, specificity, positive predictive value and
negative predictive values were calculated with a 95%
confidence interval (95% CI) using the standard formulas
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considering BACTEC as the gold standard (14).

3.2. Detection rate of M. tuberculosis by smear, BACTEC
culture and IS6110 PCR

3. Results and Discussion
3.1. Patients characterization
A total of 102 patients were enrolled in our study. Of
these 102 patients, 77 (75%) patients were males and
25 (25%) were females. The mean age of all patients
was 30.4 ± 13.2 years. Patients 25-44 years of age
accounted for 42.2% of the total cases. Among all
cases, 70 were newly detected cases (68.6%), 25 were
previous treated cases (24.5%), 5 were on treatment
(4.9%) and 2 were unknown (1.9%). The history of
contact with TB patients was determined in 20 cases
(19.6%), 19(18.2%) had a history of diabetic mellitus
and a past history was present in 11 (10.7%). In the
case of HIV presentation, 2 cases were HIV positive
(2.5%) and they had an antiretroviral therapy (ART)
and ATT taken and 100 were HIV negative (97.5%).
We found common symptoms of pleural tuberculosis,
17 patients had hempotosis (16.6%), 62 cough
(60.7%), 75 fever (75.9%), 71 anorexia and/or weight
loss (70%), 53 chest pain (51.9%), 58 night sweat and
or chills (56.5%) and 21 dyspnoea (20.5%).

Figure 1. Gel documentation of electrophoresis separation
of the amplicon into 2% agarose gel is documented across
Lanes 1-5. The presence of a 123 bp. Amplicon in the Lanes
1 and 3 indicated the presence of the target while the absence
of the amplicon in the Lane 2 pointed towards the absence
of the target. Lane 4 was Negative Control (PCR water) and
Lane 5 was Positive Control (H37Rv). Lane L was 100 bp
Ladder well shown.

All pleural fluid samples in the suspected cases of
pleural TB were found to be AFB positive in 17 (16.6%).
The sensitivity of AFB staining on pleural fluid was
16.6 % and its detection rate for M. tuberculosis by AFB
staining was 16.6%. The detection of M. tuberculosis
by BACTEC culture was 47 (46.1%). Using IS6110
PCR, 62 (60.7%) were positive for IS6110 PCR for M.
tuberculosis, and results are shown (Figure 1).
3.3. Comparison of sensitivity of PCR test vis-a-vis other
tests
Seventeen patients were positive with AFB and PCR
was positive (100%) for M. tuberculosis, 85 patients
were negative with AFB and PCR was positive for
45 (52.9%) but culture was subsequently positive in
32 (31.3%) patients. The sensitivity of PCR testing
was 100% for 15 patients positive for both AFB and
culture, where we found low sensitivity for 1 (50%) of
2 patients were AFB positive with negative cultures.
32 patients (93.7%) had PCR sensitivity with smears
negative and cultures positive. In other words, 30 of
the 32 M. tuberculosis complex culture positives were
positive for IS6110 sequences. Therefore, given the
sensitivity of 93.7 % and 53 negatives by all other
tests used (smear negative and culture negative)
samples which were positive by PCR were 16 (30.1%).
These were not likely to represent false positive
results because repeated PCR tests were positive
for these samples and these samples belonged to
highly suspected cases of pleural tuberculosis which
responded to antitubercular treatment (Table 1).
3.4. Comparison of sensitivity and specificity of PCR
tests and smear microscopy vs. BACTEC as the gold
standard
On taking BACTEC culture as the gold standard the
sensitivity, specificity, positive predictive value and
negative predictive value of microscopy and PCR are
given in Table 2. The sensitivity, specificity, positive

Table 1. Comparison of sensitivity of PCR test via a via others tests
Test
Smear positive
Smear negative
BACTEC Positive
BACTEC negative
Smear positive BACTEC positive
Smear Negative BACTEC Positive
Smear Positive BACTEC Negative
Smear Negative and BACTEC negative

No. (%)
17 (16.6)
85 (83.4%)
47 (46.1)
55 (53.9)
15 (14.8)
32 (31.4)
2 (1.9)
53 (51.9)

PCR Results (n)
Positive

Negative

17
45
45
17
15
30
1
16

0
40
2
38
0
2
1
37
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Sensitivity of PCR test (%)
100
52.9
95.7
30.9
100
93.7
50
30.1
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Table 2. Comparison of sensitivity and specificity of PCR test , smear microscopy and BACTEC culture in 102 patients
Test
PCR
Positive
Negative
Smear
Positive
Negative

BACTEC Culture M. tuberculosis

Sensitivity

Specificity

PPV

NPV

17
38

95.7 %

69.1 %

72.5%

95.0%

2
52

31.9%

96.3 %

88.2 %

62.3 %

Positive

Negative

45
2
15
33

Sensitivity, specificity, positive and negative predictive values of PCR and microscopy were calculated using BACTEC culture results as the gold
standard. PPV: positive predictive value; NPV: negative predictive value.

predictive value and negative predictive values were
calculated with a 95% confidence interval (95% CI)
using standard formulas. Among 102 patients, 62 were
positive with IS6110 PCR and 17 were positive with
AFB smear microscopy. By defining BACTEC culture
as the gold standard for comparative usefulness of the
PCR assay, the sensitivity and specificity of the assay
were 95.7% (95% CI 0.85-0.98) and 69.1% (95% CI
0.55-0.79) shown in Table 2. We found that sensitivity
of PCR (95.7%) was very high in comparison to smear
microscopy but specificity of PCR (68.5%) was lower
than smear microscopy (96.3%). The variation in the
specificity of IS6110 PCR may be due to the varied
methods of extraction of DNA, use of different sets of
PCR primers designed to amplify IS6110 nucleotides
and expertise in performing the PCR technique.
Pleural tuberculosis is a major, treatable cause of
exudative pleural effusion. Chakrabati et al. (2006)
stated that the epidemiology and demographics of
tuberculous pleurisy are changing due to the impact
of HIV co-infection and the increasing amount of
pleural effusion seen as part of reactive diseases (15).
The diagnosis of pleural fluid is still a challenge
for number of reasons. The lack of adequate sample
volumes and the non uniform distribution of
microorganisms contribute to this problem. Escudero
BC et al. (1990) suggested that the diagnosis of TB
pleurisy is usually accomplished using radiological
and clinical findings, pathology of pleural tissue
from biopsy, and several laboratory methods (16).
Conventional methods include direct examination
of pleural fluid with ZN staining of acid-fast bacilli
and culture. ZN staining is rapid and inexpensive
but requires a bacilli concentration of 10,000/mL
and has a low sensitivity of approximately 0-1%
(16). Earlier studies suggested that culture was
more sensitive (11-50%); where only 10-100 bacilli
yield the diagnosis, but required 2-6 weeks to grow
M. tuberculosis (17). Pleural biopsy studies have
high sensitivity (70-80%), but the procedure is not
free of risk (18,19). At the present time, the most
reliable method for diagnosis of pleural TB is the
detection of M. tuberculosis in pleural specimens.
Rapid diagnosis of pleural TB is critical in order to
reduce morbidity and mortality. Study data showed

PCR was a molecular biology technique that can
detect M. tuberculosis genome in pleural fluid or
tissue specimens (20,21). The sensitivity (31.3-81%)
and specificity (96.6-100%) were variable. Studies
conducted by Parandaman V et al. (2000), Tan J et
al. (1995), Takagi N et al. (1998) and Jatana SK et
al. (2000) showed disparate results where sensitivity
is 100% and specificity varied from 70-90% (22-25).
But these studies have been carried out on a small
sample size; all of them have targeted the IS6110
insertion sequences and have engaged different sets
of primers. The IS6110 PCR protocol used to detect
the IS6110 insertion sequence was more sensitive
than other PCR protocols (26). Previous studies
found the IS6110 sequence present in 10-15 copies
in each mycobacterial genome (9,27), and increased
sensitivity afforded by the detection of the IS6110
insertion sequence considerably improves the yield
for the detection of mycobacterial DNA in pleural
fluid. Because this insertion sequence is present only
in mycobacteria of the M. tuberculosis complex,
positive results were not observed for other species
of mycobacteria (9). Our study results suggest that
IS6110 PCR is more sensitive than conventional
methods, but still not absolute to identify all cases. In
cases where ZN positive samples were found IS6110
PCR amplification was positive. Studies revealed that
the insertion element of IS6110 primers for detection
of TB, PCR directed towards the IS6110 sequence of
M. tuberculosis have been evaluated by Villegas et al.
(2000) (28). Parandaman et al. (2000) found 100%
positive PCR of positive culture samples, but PCR
was positive in 30-60% of culture negative pleural
fluids (22). Our results have shown that PCR was
positive in 15/15 (100%) from positive cultures but
PCR was positive in 17/55 (30.9%) from negative
cultures. Reechaipichitkul et al. (2000) revealed that
the sensitivity and specificity of pleural fluids on
culture were 17% but we found sensitivity of pleural
fluid on culture were 46.1% (29).
In conclusion, IS6110 PCR assays can successfully
be used to detect M. tuberculosis DNA in pleural
fluid samples for a more rapid, specific and reliable
TB diagnosis than the BACTEC culture and ZN
staining methods. IS6110 based PCR detection of M.
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tuberculosis may be very useful in cases that are highly
suspect for pleural TB and those that are negative for
AFB and culture, and it may better clinicians ability to
improve diagnosis in pleural TB.
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