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Abstract

Background: The nonspecific clinical presentation and paucibacillary nature of tuberculous pleuritis remains a challenge for
diagnosis. Diagnosis of tuberculous pleural effusion depends on the demonstration of the presence of tubercle bacilli in the
sputum, pleural fluid, or pleural biopsy specimen, or demonstration of granuloma in pleura by histological examination. We
examined the clinical utility of the diagnosis of pleural tuberculosis using the in house N-PCR assay, AFB smear microscopy
and culture. Besides pleural fluid the inclusion of sputum in the efficacy of diagnosis of pleural tuberculosis was scrutinized.

Methodology/Principal Findings: Pleural fluid and sputum samples of 58 tuberculous and 42 non-tuberculous pleural
effusion patients were processed for AFB smear microscopy, culture and the N-PCR assay. Mycobacteria were detected
exclusively in tuberculous pleural effusion samples. None of the non-tuberculous pleural effusion samples were positive for
mycobacteria. Comparative analysis showed that the N-PCR assay had the highest sensitivity. Inclusion of sputum along
with pleural fluid increased N-PCR sensitivity from 51.7 to 70.6% (p,0.0001).This improved sensitivity was reflected in AFB
smear microscopy and isolation by culture. The sensitivity enhanced on inclusion of sputum from 3.4 (p = 0.50) to 10.3%
(p = 0.038) for AFB smear microscopy and for isolation of mycobacteria from 10.3(p = 0.03) to 22.4% (p = 0.0005). Thirteen
isolates were obtained from 58 pleural tuberculosis patients. Eleven mycobacterial isolates were identified as M.tuberculosis
and two as M.fortuitum and M.chelonae. Complete concordance was seen between the biochemical identification of isolates
and the N-PCR identification of mycobacterial species prior to isolation.

Conclusions/Significance: To the best of our knowledge this is the first PCR based report on utility of sputum for diagnosis
of pleural tuberculosis. The present study demonstrates that a combination of pleural fluid with sputum sample and N-PCR
improved the diagnosis of pleural tuberculosis.
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Introduction

Pleural Tuberculosis is a common manifestation of extra

pulmonary tuberculosis and is a frequent cause of pleural effusion

[1–2]. Tuberculous pleural effusion (TPE) occurs in up to 30% of

tuberculosis patients [3]. Its occurrence in developing countries

has increased following the HIV pandemic [4].

Rapid diagnosis and administration of prompt anti-tuberculous

treatment of pleural tuberculosis is needed to reverse the morbidity

due to tuberculosis (TB). Owing to the paucibacillary nature of the

pleural fluid, the diagnosis of tuberculous pleuritis is a challenge

[5]. Hence in addition to collection of pleural fluid in suspected

cases of Tuberculous pleural effusion, it has been recommended

that sputum be included for laboratory investigation as an

additional sample, [6–7]. To improve the detection of mycobac-

terial pathogens in paucibacillary samples inclusion of sensitive

probes such as molecular beacons would be an added advantage,

[8]. The definitive diagnosis of pleural tuberculosis is currently

made by demonstrating the presence of tubercle bacilli in

specimens such as sputum/pleural fluid and/pleural biopsies, or

by histological examination of pleural tissue for granulomas [4]. As

these methods are disadvantaged by the sensitivity and time

required for detection and identification of mycobacterial

pathogens in clinical samples, in the present study, we examined

the potential of DNA amplification techniques to rapidly detect

Mycobacterium tuberculosis/Mycobacterium bovis in pleural fluid. Besides
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pleural fluid the clinical utility of inclusion of sputum for diagnosis

of pleural tuberculosis was also examined. N-PCR targeting the

hupB gene (Rv2986c) was used to detect Mycobacterium tuberculosis

(Mtb) and Mycobacterium bovis (Mbo) in pleural fluid and sputum

samples collected in tandem from pleural effusion patients. The

utility of the assay in the detection of mycobacterial pathogens

namely Mtb and Mbo in clinical samples has been previously

reported [9–10]. The results obtained using the N-PCR assay was

compared with Acid Fast Bacilli (AFB) microscopy and isolation

and identification of AFB by culture present in pleural fluid and

sputum derived from pleural effusion patients.

Materials and Methods

Patient’s selection & study design
Ethics Statement:. The study, information sheet and

consent form used was approved by the institutional ethical

committees of the All India Institute of Medical Sciences, New

Delhi & Vardhaman Mahavir Medical College & Safdarjung

Hospital, New Delhi-110029. India. Informed written consent

from all participants involved in our study has been obtained.

Over a 4 year period, 100 pleural effusion patients with no

history of anti-tuberculosis treatment registered in the Department

of Respiratory Medicine, Safdarjung Hospital, New Delhi were

included in the study. Pleural fluid was aseptically aspirated under

sterile conditions in the minor procedure room facility and

transported to the laboratory for investigation. The clinical

diagnosis was not available during the laboratory investigation.

The diagnosis was available during data analysis.

All the patients included in the study were patients with pleural

effusion and did not have lung parenchymal involvement. The

clinical criteria as described by Light (2001) [11] were adopted for

the diagnosis of pleural tuberculosis. The definitive/confirmed

criterion for tuberculous pleural effusion was the demonstration of

AFB in pleural fluid and or sputum by microscopy or culture.

Suggestive/probable criteria included:(1) patients with clinical

history of fever, pleuritic chest pain, cough, breathlessness, and

chest radiography for evidence of pleural effusion; (2) cytological

examination of the pleural fluid for predominance of lymphocytes,

paucity of mesothelial cells;(3) biochemical estimation for protein

content (.3 gm per dl) and pleural fluid: serum protein ratio

(.0.5); and (4) response of patients to anti-tuberculous treatment.

Tuberculous pleural effusion was diagnosed if the definitive

criterion or all of the suggestive criteria were met. Based on these

criteria 58 patients were classified as patients with tuberculous

pleural effusion. Sputum as well as pleural fluid was collected from

all of them and investigated, [6–7].

Criteria used for malignant pleural effusion (controls) were: (i)

Clinical history suggestive of rapidly refilling pleural effusion; with

or without focal malignant lesion elsewhere in the body. (ii) Pleural

fluid being exudative, usually hemorrhagic and (iii) on cytological

examination positive for malignant cells. Based on these criteria 42

patients were classified as non-tuberculous pleural effusion patients

(N-TPE). In twelve of these patients sputum was collected in

addition to the pleural fluid.

Sample Processing
For isolation of mycobacteria:. All the clinical samples

were processed in Biosafty level 3 (BSL-3) facility. After collection,

samples were transported at 4–8uC and held at this temperature in

the facility till they were processed for isolation & DNA extraction.

All samples were processed with in 24 hours of collection with

freshly prepared reagents. Only 2–3 clinical samples were

processed at a time to minimize sample cross contamination by

trained personnel.

Pleural fluid:. 100 pleural fluid samples were processed by

NALC-NaOH method [12]. In brief, pleural fluid was centrifuged

at 4,500 g for 15 min. The pellet was treated with an equal

volume of N-acetyl-L-cysteine- NaOH (NALC-NaOH; NaOH

final concentration, 2%) for 15 min at room temperature and

neutralized with sterile phosphate buffer (0.067 M, pH 6.8). After

centrifugation at 4,500 g for 15 min, the pellet was resuspended in

1 ml of sterile distilled water [13]. The suspension was divided into

two parts. One part was used for AFB smear microscopy and as

inoculums for isolation of AFB by culture on Lowenstein Jensen

media & 7H9 or in MGIT tubes (BD BACTEC MGIT 960

system). The second part was used for DNA extraction. Sputum

collected from 70 patients was similarly processed.

Ziehl-Neelsen smear of pleural fluid & sputum:. Ziehl-

Neelsen acid fast staining was used to confirm the presence of

AFB.

Pleural fluid and sputum culture:. As described processed

clinical specimens (Pleural fluid & sputum) obtained from 69

pleural effusion patients were inoculated on LJ slants & 7H9 liquid

media and were incubated at 37uC for 8 weeks. LJ slants were

inspected twice a week for visible colonies, and were screened for

AFB by ZN staining. The liquid media were examined at identical

time points for growth. Tubes showing visible growth were

screened for AFB by ZN staining. Positive liquid cultures were sub-

cultured on to LJ media for isolation of mycobacteria. Following

the access to the automated system concentrated clinical

specimens (0.5 ml) obtained from 31 pleural effusion patients

were inoculated in the MGIT media alone containing PANTA

antibiotics mixture as per manufacturers’ recommendation and

monitored continuously in MGIT 960 system (BD BACTECTM

MGITTM 960 system for mycobacteria testing, USA).

Identification of mycobacteria isolated from pleural fluid

and sputum. Species level identification of the isolates was done

by standard biochemical tests (niacin production, nitrate

reduction, catalase and aryl sulfatase activity, Tween hydrolysis,

thiopen-2-carboxylic acid hydrazide sensitivity, etc.) as recom-

mended by the Centers for Disease Control and Prevention

(CDC), Atlanta, Ga., with appropriate controls [14]. For this part

of the study mycobacterial colonies derived from LJ media were

used.

Extraction of template DNA
Positive Control template DNA:. Mtb H37Rv & Mbo AN5

colonies suspended in 100 ml of 0.1% triton X-100 was boiled in a

dry bath (90uC for 40 mins.), centrifuged (10,000 g, for 10 min.)

and the supernate was aliquoted & stored at 220uC. The

supernatant was used as target DNA in the PCR assay. Mtb

H37Rv & Mbo AN5 strains were obtained from National JALMA

Institute for leprosy & other mycobacterial Diseases (ICMR),

Agra, India. Besides Mtb cultures Mycobacterium tuberculosis H37Rv

DNA obtained from ‘‘TB research Materials and Vaccine

Testing’’ was also used as a control.

Template DNA from clinical samples:. The 2nd portion of the

suspension obtained from the processed clinical samples was

centrifuged. The pellet was suspended in 100 ml of 0.1% triton X-

100 & boiled in a dry bath, (90uC for 40 mins.). The suspension

was centrifuged and processed as described for DNA extraction for

positive control template DNA.

Nested PCR for hupB DNA target (International patent

application no. PCT/IN03/00302):. The details of the assay

have been described previously [10]. The primers N (59-

GAGGGTTGGGATGAACAAAGCAG-39) and S (59-TATC-
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CGTGTGTCTTGACCTATTTG-39) were used to amplify hupB

gene. The amplified N-S PCR product was used as a template

for the N-PCR. The primer pair for the N-PCR F (59-CCA-

AGAAGGCGACAAAGG-39) and R (59-GACAGCTTTCTT-

GGCGGG-39) was used. The N-PCR products were electro-

phoresed on 10% polyacrylamide gel and stained with ethidium

bromide. The amplicon size for Mtb and Mbo was ,116 bp and

89 bp respectively [15]. For the N-PCR assay, the following

controls were routinely included: negative control (with out

template DNA) was incorporated in the assay to rule out the

occurrence of false-positives. Spiked controls were included to rule

out the occurrence of false-negative results in the study due to the

presence of PCR inhibitors in DNA extracts of samples. Beside

these two controls positive control with target DNA was included

in each assay, [10].

Statistical Analysis:. All statistical analyses were done using

STATA software, version 9.2 (StataCorp, College Station, TX).

For all analyses, p values less than 0.05 were considered to indicate

statistical significance.

Results

The gender and age distribution of 100 pleural effusion patients

collected were as follows: 35 females and 65 males with a mean

age of 4268.8 and 4064.3 respectively. Based on clinical criteria

described 58 patients were categorized as TPE and the remaining

as N-TPE. AFB was detected by smear microscopy and or by

culture in 16 samples (sputum &/pleural fluid) derived from TPE

patients. These individuals were considered to be definitive/

confirmed cases of pleural TB (16/58, 27.5%). The remaining 42

in the TPE category were considered as probable cases of pleural

TB, (42/58, 72.4%). The N-PCR results were compared with: (i)

clinical diagnosis; (ii) improvement in the detection of mycobac-

teria in sputum samples besides pleural fluid; (iii) patients

segregated as AFB positive (confirmed TB pleurisy) Vs AFB

negative (probable TB pleurisy); and (iv) biochemical character-

ization of AFB isolates.

Detection of mycobacteria in pleural fluid samples
N-PCR, culture and AFB smear microscopy were compared

and have been shown in Table 1. In 31 samples, mycobacteria

were detected either by N-PCR/culture/AFB smear microscopy.

These 31 samples were derived from the 58 clinically diagnosed

tuberculous pleural effusion patients (TPE). In contrast, no

mycobacteria were detected in the 42 samples obtained from

non-tuberculous pleural effusion patients (N-TPE, controls).

By N-PCR assay 51.7% (30/58) of the pleural fluid samples

derived from TPE were positive for Mtb compared to 10.3% (6/

58) by culture & 3.4% (2/58) by AFB smear microscopy. In the

pleural fluid sample negative by the N-PCR assay, the AFB

isolated from the sample was subsequently identified as Mycobac-

terium fortuitum (Sample No. SPF-8). The six isolates were obtained,

two each from LJ, 7H9 & MGIT tubes respectively. All the assays

showed identical specificity & positive predictive value (PPV) but

differed in their sensitivity & negative predictive value (NPV). N-

PCR assay showed the highest sensitivity (51.7%) compared to

culture (10.3%) and AFB smear microscopy (3.4%, Table 1).

Detection of mycobacteria in sputum samples collected
from pleural effusion patients

Based on criteria described in methods the distribution of the 70

sputum samples collected from pleural effusion patients is shown in

Table 2. Fifty-eight sputum samples were from patients with

tuberculous pleural effusion and 12 were with non-tuberculous

pleural effusion. Identical methods were used for detecting Mtb in

these sputum samples as described earlier. Of the 70 samples

analyzed, in 33 samples Mycobacteria was detected either by N-

PCR/Culture/AFB smear microscopy. All the 33 positive samples

were derived from TPE. The twelve samples collected from N-

TPE were negative.

Using the N-PCR assay, 53.4% (31/58) of the sputum samples

were positive for mycobacteria compared to 12.1% (7/58) by

culture and 6.9% (4/58) by AFB smear microscopy. The seven

isolates were obtained, two each from LJ, 7H9 & three from

MGIT tubes respectively. Of the 33 samples in which mycobacteria

were detected, two of the samples were negative by the N-PCR

assay. In one sample, the AFB isolated was identified as

Mycobacterium chelonae (Sample No. SPF-80).The second sample

was AFB positive but culture and N-PCR negative (Sample

No. SPF-18). As seen earlier, the three methods used for detection

of mycobacteria in the sputum samples showed similar range of

specificity, PPV and sensitivity. All three methods showed 100%

specificity & PPV and their sensitivity was 53.4% by the N-PCR

assay, 12.1% by culture and 6.9% by AFB smear microscopy.

Comparison of N-PCR results with detection of AFB & its
isolation by culture in pleural fluid & sputum samples

AFB detection in smears and isolation of mycobacteria

enhanced, on inclusion of sputum samples besides pleural fluid

from clinically diagnosed cases of TPE, (Table 3). In case of

culture the isolation of mycobacteria was limited to 6 (10.3%)

Table 1. Comparative analysis of 100 Pleural fluid samples with N-PCR, Culture and AFB with clinical diagnosis.

Method Clinical diagnosis Sensitivity (%) Specificity & PPV (%) NPV (%) p value

Patients (58) Controls (42)

N-PCR Positive 30 0 51.7 100 60 p,0.0001

Negative 28 42

Culture Positive 6 0 10.3 100 44.6 p = 0.038

Negative 52 42

AFB Positive 2 0 3.4 100 42.8 p = 0.50

Negative 56 42

NOTE. Clinical diagnosis, Categorization of patients and controls as describe in methods; PPV, positive predictive value; NPV, negative predictive value; Sensitivity, TP/
(TP+ FN) x 100, where T is true, F is false, P is positive, and N is negative; Specificity, TN/(TN+ FP) x 100; N-PCR, 116 bp amplicon generated by Nested-PCR assay specific
for Mycobacterium tuberculosis; Culture, AFB Growth detected on LJ, 7H9 and/MGIT; AFB, acid fast bacilli.
doi:10.1371/journal.pone.0010220.t001

Improved Pleural TB Diagnosis

PLoS ONE | www.plosone.org 3 April 2010 | Volume 5 | Issue 4 | e10220



pleural fluid samples. However inclusion of sputum samples

collected in tandem from these TPE patients, mycobacteria were

isolated from an additional 7 sputum samples. No mycobacteria

were isolated from the pleural fluid samples of these 7 patients,

thereby improving the detection of mycobacteria with the

inclusion of sputum samples in this category of patients from 6

to 13 (22.4%, p = 0.0005). In case of AFB smear microscopy the

number of positive samples increased from 2 (3.4%) to 6 (10.3%,

p = 0.038, Table 3), with the detection of AFB in 4 sputum

samples, whereas the tandem pleural fluid samples of these

patients were AFB negative. Similarly, improved detection of

mycobacteria by the N-PCR assay in clinically diagnosed patients

of TPE increased on inclusion of sputum samples to that observed

by AFB smear microscopy and isolation by culture. By N-PCR in

30 pleural fluid samples Mtb was detected. On inclusion of sputum

for detection of Mtb from these patients, Mtb was detected in 11

sputum samples; the concomitant N-PCR results of the pleural

fluids derived from these 11 patients were negative by N-PCR.

The sensitivity of the detection of Mtb by N-PCR assay on

inclusion of sputum along with pleural fluid, in TPE patients

enhanced from 30 (51.7%, Table 1, 3) to 41 patients (70.6%,

p,0.0001, Table 3). Comparing the 3 methods for detection of

mycobacteria in the clinical samples, the highest sensitivity was

seen in case of N-PCR (70.6%), followed by culture (22.4%) and

the least by AFB smear microscopy, (10.3%).

Comparison of N-PCR assay results of AFB positive Vs
AFB Negative pleural fluid samples

Ten of the 16 (62.5%) and 20 of the 42 (47.6%) pleural fluid

samples were positive by the N-PCR assay derived from confirmed

& probable tuberculous pleural effusion patients (Table 4).

Inclusion of sputum samples enhanced the number of positive

cases in both category of patients. In case of confirmed AFB

positive cases of pleural TB, the detection of Mtb by N-PCR

increased from 10 to 14 patients. Similarly in case of AFB negative

cases but clinically diagnosed as pleural TB, the detection of Mtb

increased from 20 to 27 patients. Inclusion of sputum enhanced

the sensitivity of Mtb detection by N-PCR assay in confirmed (62.5

to 87.5%) and as well as in probable but AFB negative cases (47.6

to 64.2%) of pleural TB. By the N-PCR assay distinction between

confirmed and clinically suspected cases of pleural TB was not

feasible.

Correlation of Direct detection of Mycobacteria in clinical
samples by N-PCR assay Vs biochemical identification of
isolates

The results of the N-PCR assay, AFB smear microscopy,

isolation by culture and biochemical identification of the isolates

has been detailed in Table 5. In all 13 isolates were obtained from

58 pleural tuberculosis patients. Six isolates were from pleural fluid

(SPF-8,24,48,59A,101,103; Table 5) and additional seven isolates

were obtained from the culture of the sputum (SPF-25,

45,59,75A,78,80,85; Table 5) of these TPE patients. Of the 6

samples (2 pleural fluid and 4 sputum samples) which were smear

AFB positive, isolates were obtained from 1 pleural fluid (SPF101)

and 2 sputum samples (SPF-80, 85; Table 5) respectively. Direct

detection and identification of mycobacteria in the sample was

done by the N-PCR in 2 (SPF 85,101, Table 5) of these samples.

The third sample (SPF 80) which was AFB smear and culture

positive was N-PCR negative. This AFB isolate was characterized

as M.chelonae, hence was not detected by the N-PCR assay, which

Table 3. Detection & distribution of mycobacterial pathogens in sputum & pleural fluid samples collected in tandem from 58
clinically suspected tuberculous pleural effusion patients by N-PCR, Culture & AFB smear microscopy.

Total No. of Samples (58) Positive for N-PCR Culture AFB

Both sputum & Pleural Fluid Positive 34.5% (20/58) 0 0

Sputum alone Positive 19.0% (11/58) 12.1% (7/58) p = 0.3 6.9% (4/58) p = 1.0

Pleural Fluid alone Positive 17.2% (10/58) 10.3% (6/58) p = 0.03 3.4% (2/58) p = 0.50

Total positivity 70.6% (41/58) p,0.0001 22.4% (13/58) p = 0.0005 10.3% (6/58) p = 0.038

NOTE. AFB, acid fast bacilli; N-PCR, 116 bp amplicon generated by Nested-PCR assay specific for Mycobacterium tuberculosis; Culture, AFB Growth detected on LJ, 7H9
and/MGIT.
doi:10.1371/journal.pone.0010220.t003

Table 2. Comparative analysis of 70 sputum samples with N-PCR, Culture and AFB with clinical diagnosis.

Method Sputum from tuberculous and non tuberculous patients Sensitivity Specificity & PPV (%) NPV (%) p value

Patients (Tuberculous) (58) Controls (Non- tuberculous) (12)

N-PCR Positive 31 0 53.4 100 30.0 0.0007

Negative 27 12

Culture Positive 7 0 12.1 100 19.0 0.34

Negative 51 12

AFB Positive 4 0 6.9 100 18.1 1.0

Negative 54 12

NOTE. Clinical diagnosis, Categorization of patients and controls as describe in methods; PPV, positive predictive value; NPV, negative predictive value; Sensitivity, TP/
(TP+ FN) x 100, where T is true, F is false, P is positive, and N is negative; Specificity, TN/(TN+ FP) x 100; N-PCR, 116 bp amplicon generated by Nested-PCR assay specific
for Mycobacterium tuberculosis; Culture, AFB Growth detected on LJ, 7H9 and/MGIT; AFB, acid fast bacilli.
doi:10.1371/journal.pone.0010220.t002
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is specific for detection of Mtb and Mbo. Sample SPF 8 (Table 5)

was smear AFB negative but culture AFB positive. The isolate was

N-PCR negative. This isolate was identified as M.fortuitum. No

mycobacteria were isolated or detected in Non-TPE (Controls).

Comparing the direct identification of Mtb by the N-PCR assay, a

complete concordance was evident in the 13 culture positive

samples, (Table 5). In eleven samples Mycobacterial isolates were

identified by biochemical criteria as Mtb. In all theses samples the

presence of Mtb was directly detected by the N-PCR assay prior to

its isolation and identification.

Discussion

Mycobacterial load is limiting in samples of pleural tuberculosis,

hence its isolation and identification is demanding [16,5]. 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]. Detection of mycobacteria

in suspected cases of pleural effusion has been shown to be

augmented by the inclusion of sputum. Variable sensitivity ranging

from 3.5 to 100% of isolation by culture from sputum collected

from tuberculous pleural effusion patients has been reported,

[18–24]. However in general the isolation of Mtb from pleural fluid

(1.7 to 24.5%) has been lower compared to sputum, [18–20,

22–23,25], with the exception of the reports by Seibert et al &

Epstein et al [21,24]. Similarly the direct AFB smear microscopy of

pleural fluid samples derived from pleural effusion TB patients was

lower (0–20%) as compared to sputum collected from these

patients, [22,25–27]. AFB positivity of sputum smears of pleural

effusion patients ranged from 1.7–62.5% [19,22–23,25].

Besides inclusion of an assortment of samples from an individual

patient, attempts have been made to use rapid reliable DNA

amplification techniques for efficient diagnosis of tuberculosis

[14,23]. The sensitivity of the different PCR assay has been

reported to be ranged from 43.4–73.8% [19,26–29].

In the present study, we have evaluated the (1) inclusion of

sputum along with pleural fluid and (2) the usefulness of the direct

identification and detection of Mtb using an in house N-PCR

assay. It can be seen that the detection of mycobacteria in pleural

fluid and sputum samples varied. Ten pleural fluid samples were

positive, whereas the sputum samples of these patients collected in

tandem were negative. Similarly eleven sputum samples were

positive whereas the pleural fluid samples of these patients were

negative by the N-PCR assay. The inclusion of sputum samples of

clinically diagnosed pleural TB patients increased the total number

of pleural TB patients detected from 30 to 41. The sensitivity of

the assay increased from 51.7 to 70.6%, (Table 1 & 3).

Similarly improvement in AFB microscopy, isolation and

detection of mycobacteria was observed on inclusion of sputum

along with pleural fluid for investigation. Inclusion of sputum

enhanced the sensitivity of AFB smear microscopy from 3.4 to

10.3% and culture sensitivity enhanced from 10.3 to 22.4%,

(Table 1 & 3). The sensitivity of these two classical techniques in

combination with mycobacterial DNA detection techniques would

substantially improve the diagnosis of pleural TB.

Of the 13 isolates obtained in the study, 11 were identified as

Mtb. The remaining two isolates were characterized as

Mycobacterium fortuitum and Mycobacterium chelonae respectively,

(Table 5). There have been reports of these fast growing

mycobacteria being isolated from cases of tuberculous pleurisy

and empyema [30,31]. Use of solid & liquid culture media in 69

patients samples (Pleural fluid & sputum) enhanced sensitivity

from 5.8% (4/69) when using either solid/liquid media alone to

11.6% (8/69) when both solid as well as liquid media were used.

On using automated system (MGIT) the sensitivity observed was

16.1% (5/31), which was higher than the combined efficiency of

LJ and 7H9 media used in the study. Admittedly this sensitivity

observed with the MGIT culture system would have improved

with the inclusion of a solid media such as LJ media, which was

not done.

The results of the N-PCR assay was correlated with clinical

categorization of the patients, AFB smear microscopy and isolation

of Mtb by culture. By the 3 techniques used in the study namely

AFB smear microscopy, culture for mycobacteria and the specific

N-PCR assay for Mtb and Mbo, mycobacteria were detected in

samples exclusively derived from patients clinically diagnosed as

patients of TPE. Comparing the specificity and sensitivity of the 3

techniques it was found that the N-PCR assay had the highest

sensitivity (51.7 to 53.4%) compared to the remaining two

techniques. None of the non-TB pleural fluid samples were

positive by the N-PCR assay, (Table 1 & 2).

Estimation of adenosine deaminase (ADA) and IFN-c in pleural

fluid has been used widely as biochemical markers in the diagnosis

of TB pleural effusion [26,32–33,5]. However these biomarkers

are indicative of an inflammatory process in the pleural cavity and

do not define or identify the aetiological agent. Besides, ADA is

raised in pleural malignancies, lymphoproliferative and rheuma-

toid diseases [34].

The diagnosis of TPE has been considered to be definitive with

the demonstration of Mtb in the examined sample. However the

Table 4. Comparison of N-PCR assay results of samples derived from 58 clinically diagnosed tuberculous pleural effusion patients:
16 AFB positive Vs 42 AFB Negative samples.

S.No
Sample
positive

Results of N-PCR in samples derived from
tuberculous pleural effusion patients Sensitivity (%) PPV (%) NPV (%) OR CI P value

Confirmed
Tuberculous* (16)

Probable
Tuberculous**(42)

1 Pleural Fluid alone 2 8 12.5 20.0 70.8 0.60 0.11–3.2 ns

2 Sputum alone 4 7 25.0 36.3 74.4 1.66 0.41–6.71 ns

3 Both positive 8 12 50.0 40.0 78.9 2.5 0.76–8.1 ns

4 Any one/both 14 27 87.5 34.1 88.2 3.88 0.7–19.4 ns

NOTE. PPV, positive predictive value; NPV, negative predictive value; OR, odds ratio; CI, confidence interval.
*Categorized based on detection of AFB by smear microscopy/isolation by culture.
**Categorized based on clinical criteria detailed in methods, but no AFB detected smear microscopy/isolation by culture.
ns = not significant.
doi:10.1371/journal.pone.0010220.t004
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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.

Further, histolopathological examination of pleural biopsies for

granulomatous inflammation consistent with tuberculosis has been

reported to be more sensitive than pleural fluid culture [18,26,20].

Pleural fluid has been reported to be a poor source of

mycobacteria [19]. Several investigators have reported that pleural

biopsies to be the most reliable for diagnosis of TPE provided the

appropriate site is available for examination [35,25]. However, the

invasiveness of the procedure, inability to obtain characteristic

pleural tissue and the accompanied complications has been the

limitations in this regard. In the present study irrespective of the

technique used qualitative improvement in the detection of

mycobacteria in TPE derived samples, was seen with the inclusion

of sputum samples.

In conclusion, detection of Mycobacteria either by microscopy/

classical microbiological techniques or by DNA amplification

techniques in pleural effusion patients was enhanced by examining

pleural fluid as well as sputum collected in tandem. Further

comparing the three methods, Mycobacterium tuberculosis was

detected by the N-PCR assay in 70.6% of the samples compared

to 22.4% by culture and 10.3% by AFB smear microscopy. This

improvement by molecular methods in identification of pathogens

can be sustained by targeting appropriate gene targets and

adopting sensitive detection techniques.
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11 SPF-78 Pleural fluid Mtb – – Mtb

Sputum Mtb – +

12 SPF-80 Pleural fluid – – – M. Chelonae

Sputum – + +

13 SPF-85 Pleural fluid – – – Mtb

Sputum Mtb + +

14 SPF-62 Pleural fluid Mtb + – –

Sputum Mtb – –

15 SPF-34 Pleural fluid Mtb – – –

Sputum Mtb + –

16 SPF-18 Pleural fluid Mtb – – –

Sputum – + –

NOTE. AFB, acid fast bacilli; N-PCR, 116 bp amplicon generated by Nested-PCR assay specific for Mycobacterium tuberculosis; Culture, AFB Growth detected on LJ, 7H9
and/MGIT; Biochemical characterization of the isolates, detailed in methods.
doi:10.1371/journal.pone.0010220.t005

Improved Pleural TB Diagnosis

PLoS ONE | www.plosone.org 6 April 2010 | Volume 5 | Issue 4 | e10220



Author Contributions

Conceived and designed the experiments: PK HKP. Performed the

experiments: PK DSC VMK. Analyzed the data: PK MKS DSC VMK

HKP. Contributed reagents/materials/analysis tools: MKS DSC VMK SS

HKP. Wrote the paper: PK HKP.

References

1. Liam CK, Lim KH, Wong C (2000) Causes of pleural exudates in a region with

a high incidence of tuberculosis. Respirology 5: 33–38.

2. Valde’s L, Pose A, San Jose’ E, Martinez Vázquez JM (2003) Tuberculous

pleural effusions. Eur J Intern Med 14: 77–88.

3. Ferrer J (1997) Pleural tuberculosis. Eur Respir J 10: 942–947.

4. Gopi A, Madhavan SM, Sharma SK, Sahn SK (2007) Diagnosis and treatment

of tuberculous pleural effusion in 2006. Chest 131: 880–889.

5. Diacon AH, Van de Wal BW, Wyser C, Smedema JP, J. Bezuidenhout J, et al.

(2003) Diagnostic tools in tuberculous pleurisy: a direct comparative study. Eur

Respir J 22: 589–591.

6. Hopewell PC, Pai M, Maher D, Uplekar M, Raviglione M (2006) International

standards for tuberculosis care. Lancet Infect Dis 6: 710–25.

7. Tuberculosis Coalition for Technical Assistance. International Standards for

Tuberculosis Care. http://www.stoptb.org/resource center/assets/documents/

istc report.pdf (accessed Sept 19, 2006).

8. Kumar P, Nath K, Rath B, Sen MK, Vishalakshi P, et al. (2009) Visual format

for detection of Mycobacterium tuberculosis and Mycobacterium bovis in clinical samples

using molecular beacons. J Mol Diagn 11: 430–438.

9. Kumar P, Shah NP, Singhal A, Chauhan DS, Katoch VM, et al. (2008)

Association of tuberculous endometritis with infertility and other gynecological

complaints of women in India. J Clin Microbiol 46: 4068–70.

10. Mishra A, Singhal A, Chauhan DS, Katoch VM, Srivastava K, et al. (2005)

Direct detection and identification of Mycobacterium tuberculosis and Mycobacterium

bovis in bovine samples by a novel nested PCR assay: correlation with

conventional techniques. J Clin Microbiol 43: 5670–8.

11. Light RW (2001) Pleural diseases:4th ed. Baltimore, MD Philadelphia: Williams

& Wilkins.

12. Kent TP, Kubica GP (1985) Public health mycobacteriology: A guide for the

level III laboratory. Center for Disease Control, Atlanta.

13. Mattei R, Savarino A, Fabbri M, Moneta S, Tortoli E (2009) Use of the BacT/

Alert MB Mycobacterial Blood Culture System for Detection of Mycobacteria in

Sterile Body Fluids Other than Blood. J Clin Microbiol 47(3): 711–714.

14. Vestal AL (1977) Procedures of isolation and identification of mycobacteria: U.S.

Department of Health, Education, and Welfare publication no. (CDC) 77–8230.

Centers for Disease Control and Prevention, Atlanta, GA..

15. Shah NP, Singhal A, Jain A, Kumar P, Uppal SS, et al. (2006) Occurrence of

overlooked zoonotic tuberculosis: detection of Mycobacterium bovis in human

cerebrospinal fluid. J Clin Microbiol 44: 1352–1358.

16. Trajman A, M Pai, Dheda K, van Zyl Smit R, Zwerling AA, et al. (2008) Novel

tests for diagnosing tuberculous pleural effusion: what works and what does not?

Eur Respir J 31: 1098–1106.

17. Mirza S, Restrepo IB, Mccormick JB, Fisher-hoch SP (2003) Diagnosis of

tuberculosis lymphadenitis using polymerase reaction on peripheral blood

mononuclear cells. Am J Trop Med Hyg 69(5): 461–465.

18. Moon JW, Chang YS, Kim SK, et al. (2005) The clinical utility of polymerase

chain reaction for the diagnosis of pleural tuberculosis. Clin Infect Dis 41:

660–666.
19. Lassence AD, Lecossier D, Pierre C, Cadranel J, Stern JM, et al. (1992)

Detection of mycobacterial DNA in pleural fluid from patients with tuberculous
pleurisy by means of the polymerase chain reaction: comparison of two

protocols. Thorax 47: 265–269.
20. Berger HW, Meiia E (1973) Tuberculous Pleurisy. Chest 63: 88–92.

21. Seibert AF, Haynes J, Middleton R, Bass JB (1999) Tuberculous pleural effusion.

Twenty-year experience. Chest 99: 883–886.
22. Valdes L, Alvarez D, San Jose E, Penela P, Valle JM, et al. (1998) Tuberculous

pleurisy: study of 254 patients. Arch Intern Med 158: 2017–2021.
23. Baumann MH, Nolan R, Petrini M, Gary Lee YC, Light RW, et al. (2007)

Pleural Tuberculosis in the United States. Incidence and Drug Resistance. Chest

131: 1125–1132.
24. Epstein DM, Kline LR, Albelda SM, Miller WT (1987) Tuberculous pleural

effusions. Chest 91: 106–109.
25. Conde MB, Loivos AC, Rezende VM, Soares SL, Mello FC, et al. (2003) Yield

of Sputum Induction in the Diagnosis of Pleural Tuberculosis. Am J Res and
Crit Care 167: 723–725.

26. Villegas MV, Labrada LA, Saravia NC (2000) Evaluation of Polymerase Chain

Reaction, Adenosine Deaminase, and Interferon-c in Pleural Fluid for the
Differential Diagnosis of Pleural Tuberculosis. Chest 118: 1355–1364.

27. Nagesh BS, Sehgal S, Jindal SK, Arora SK (2001) Evaluation of Polymerase
Chain Reaction for Detection of Mycobacterium tuberculosis in Pleural Fluid. Chest

119: 1737–1741.

28. Verma A, Dasgupta N, Aggrawal AN, Pande JN, Tyagi JS (1995) Utility of a
Mycobacterium tuberculosis GC-rich repetitive sequences in the diagnosis of

tuberculous pleural effusion by PCR. Indian J Biochem Bio 32: 429–436.
29. Liu KT, Su WJ, Perng RP (2007) Clinical utility of polymerase chain reaction for

diagnosis of smear-negative pleural tuberculosis. J Chin Med Assoc 70: 148–51.
30. Repo UK, Nieminen P (1975) Tuberculosis pleurisy due to Mycobacterium fortuitum

in a patient with chronic granulocytic leukemia. Scand J Respir Dis 56: 329–36.

31. Hsieh HC, Lu PL, Chen TC, Chang K, Chen YH (2008) Mycobacterium chelonae

in an immunocompetent patient. J Med Microbiol 57: 664–667.

32. Sharma SK, Suresh V, Mohan A, Kaur P, Saha P, et al. (2001) A prospective
study of sensitivity and specificity adenosine deaminase estimation in the

diagnosis of Tuberculosis pleural effusion. Indian J Chest Dis Allied Sci 43:

149–155.
33. Aoe A, Hiraki A, Murakami T, Eda R, Maeda T, et al. (2003) Diagnostic

significance of interferon-c in tuberculous pleural effusions. Chest 123: 740–744.
34. Chakrabarti B, Davies PDO (2006) Pleural tuberculosis. Monaldi Arch Chest

Dis 65: 26–33.
35. Hasaneen NA, Zaki ME, Shalaby HM, El-Morsi AS (2003) Polymerase Chain

Reaction of Pleural Biopsy Is a Rapid and Sensitive Method for the Diagnosis of

Tuberculous Pleural Effusion. Chest 124: 2105–2111.

Improved Pleural TB Diagnosis

PLoS ONE | www.plosone.org 7 April 2010 | Volume 5 | Issue 4 | e10220


