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Abstract 
Q-PCR is a rapid confirmative tool which requires support of traditional techniques to confirm the diagnosis of 
pulmonary tuberculosis (TB) caused by Mycobacterium tuberculosis (MTB). In present study the Q-PCR results 
were compared with the traditional techniques of diagnosis smear, culture, histological and cytological methods. 
Total 68 infected samples were evaluated. Out of which 49 were of body fluids and 19 were of tissue samples. Out 
of 49 body fluid samples, Q-PCR gave 2 false negative results (4.08% error). The smear and culture had 51.02% and 
59.37% positive results with confirmed Q-PCR. The results indicated that the sensitivity of Q-PCR is significant and 
higher than the other traditional methods. But however the confirmed diagnosis required the essential opinion of 
traditional tests, any of the single evaluation method had only 29% chances to diagnose TB. 
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Introduction                                                                               
Mycobacterium tuberculosis (MTB) is the causal 
organism for pulmonary tuberculosis (TB). There are 
three major infectious diseases threatening to the 
world; TB, AIDS and malaria. TB kills 1.8 million 
people annually (WHO, 2010). TB is one of the 
secondary infections in HIV infected person and has 
serious issue of transmission (Harries et al., 2010). 
However TB can be treated efficiently, therefore fast 
and confirmed diagnosis help to employ specific 
treatment combinations. The recent techniques based 
on PCR, aid in diagnose TB more efficiently (Helb et 
al., 2010; Rachow et al., 2011; Wallis et al., 2010). The 
conventional diagnosis involved mainly Acid Fast 
Bacilli (AFB) smear and culture method. The results of 
these tests are ambiguous. Even culturing takes about 3 
to 6 weeks and usually requires at least three samples. 
Therefore, PCR based method that target the specific 
sequences present in heterogeneous mass of DNA 
serve as an excellent tool for fast and confirmed 
diagnosis (Soini and Musser, 2001; Woods, 2001). 
This technique is extremely helpful for the patient of 
AIDS suspected for TB (Sechi et al., 1997). Q-PCR has 
advantage to confirm the amplification of target DNA, 
where agarose gel electrophoresis is not required.  
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The principal methodology is same in PCR and Q-PCR 
but there is greater potential of Q-PCR for the 
diagnosis of pulmonary tuberculosis in terms of 
sensitivity and specificity (Miller at al., 2002; Ortu et 
al., 2006; Papaparaskevas et al., 2008; Soini and 
Musser, 2001). The reported sequences used for Q-
PCR are listed in Table 1. 
In present investigation the suspected samples were 
collected from 68 cases classified into body fluid and 
tissue samples. There are various available diagnostic 
methods for TB (Cernoch et al., 1994; Forbes et al., 
2007). The diagnostic parameters used for body fluid 
samples were smear stained with Zheil-Neelsen 
method and culture detected by BACTEC™ MGIT™ 
960 Mycobacterial Detection System. The tissue 
samples were confirmed by histological and 
cytological evaluations. All these traditional approach 
of TB diagnosis were compared with the efficiency of 
modern and rapid diagnostic tool Q-PCR. 
 

Material and Methods 
 

Collection of pathological Samples 
Body fluids (sputum, pus, pleural fluid, cerebral spinal 
fluid (CSF), urine and synovial fluid) or the tissue 
samples (endometrial curetting, bronchio alveolar 
lavage (BAL), FNAC’s and histological biopsies) were 
taken as test materials. The samples collected from 
particular patient were based on the availability of the 
specimen. The presence of M. tuberculosis in fluid and 
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tissue samples was evaluated by Q-PCR as well as 
smear, culture and histo-cytological methods.  
Sample digestion and DNA isolation 
Prior to isolate DNA, the samples were digested and 
decontaminated as per the method described by 
Cernoch et al. (1994) and Isenberg (1992). After 
digestion the obtain pellets were re-suspended in 1ml 
phosphate buffer and further processed for DNA 
isolation. The DNA was isolated by DNA isolation kit 
(Qiagen, Germany) as per manufacturer instructions. 
The obtained DNA samples were stored at -20°C until 
use. 
Preparation of reaction mixture for Q-PCR 
PCR Mastermix with TaqMan probe specific to M. 
tuberculosis (MTB) was used for Q-PCR. As 
exogenous positive and negative control, genomic 
DNA of M. tuberculosis H37RV (ATCC 27294) 
(Bifani et al., 2000) and M. fortuitum (ATCC 6841) 
were respectively used. The specific customized 
primers MTB-F: 5’-CTCGGTGAGAAGACCGTCA -
3’ and MTB-R: 5’- GTCCTCGATGCCCCAGAT-3’ 
with MTB-Probe 5’-[FAM]-
AGCTCGAGGCCGAACTGTTCAC- [TAMRA]-3’ 
were used. The probe was labeled with fluorescent 
dyes 5-carboxyfluorescein (FAM) on the 5’ terminal 
and N,N,N’,N’-tetramethyl-6-carboxyrhodamine 
(TAMRA) on the 3’ terminal. The cycle was run 
according to the program, stage-1 at 50°C for 2 min, 
stage-2 at 95°C for 10 min, stage 3 having 50 cycles at 
95°C for 15 sec to 60°C for 1 min. 
Conventional method used for detection of MTB 
Smear and culture method were used to detect MTB. 
Mycobacteria are Acid Fast Bacilli (AFB) and best 
detection method is Zheil-Neelsen staining method 
(Selvakumar et al., 2005). The body fluid samples were 
spread on the slides for smear preparation. Presence of 
MTB in tissue was studied by histological approach. 
Biopsy tissue samples were fixed and its paraffin 
sections were processed by Ziehl Neelsen method 
(Hematoxylin and Eosin, 1992). Similar approach was 
adopted for cytological study, where tissue smear were 
used (Hematoxylin and Eosin, 1992).  
Fully automated BACTEC™ MGIT™ 960 
Mycobacterial Detection System was used for culturing 
MTB. The confirmation of M. tuberculosis was done 
by the emitted fluorescent signals. A fluorescent 
compound (Tris 4, 7-diphenyl-1, 10-phenanthroline 
ruthenium chloride pentahydrate) was sensitive to the 
presence of oxygen dissolved in the broth. Initially 
Oxygen quenched the emissions but later on actively 
respiring microorganisms consumed the oxygen and 
allowed the fluorescence. Culture vials were incubated 

for minimum 6 weeks and were considered as 
negatives after maximum incubation period of 56 days. 
 
 

Results and Discussion  
 
 

Total 68 patients (Table 2&3) were enrolled for 
diagnosis of tuberculosis (TB) through Real time PCR 
IS6110 from Indian population. Each sample was 
evaluated by multiple testing methods coupled with Q-
PCR to judge the reliability of the instrument for 
diagnosis. However all tests were rarely positive for a 
same case, therefore confirmed diagnosis was done by 
the positive results of at least two tests.  
Out of which 49 were body fluid samples and 
confirmed through Q-PCR, smear and culture (Table 
2). The two false negative samples were detected by Q-
PCR indicated 4.08% error and diagnosed positive by 
smear (Table 2) from body fluids. Out of 49 body fluid 
samples, 22 showed positive results in both Q-PCR as 
well as smear test (Table 2). However, remaining 25 
samples were positive in Q-PCR and negative in smear 
test indicated 51.02% failure of smear test in body fluid 
samples. Out of 49 samples, 16 samples were positive 
for Q-PCR as well as culture. Whereas, 36 were 
negative for culture and positive for Q-PCR indicated 
59.37% failure of culture method. Altogether only 9 
cases were positive for all the tests i.e. 18.36% 
sensitivity of getting positive diagnosis from all the 
techniques. This indicated the significance of multiple 
testing for confirmed diagnosis of TB. 
The 19 tissue samples out of 68 total samples were 
diagnosed by Q-PCR, culture, histology and cytology 
(Table 3). Out of 19 samples, 16 samples (84.21%) 
gave false positive tests in Q-PCR. PCR is higher 
sensitivity and hence could have shown false positive 
results. Even the culture was also negative for 3 
positive tissue samples diagnosed by Q-PCR and 
histo/cytological evaluation (Table 3). This indicated 
that even culture technique has somehow not 
confirmed diagnostic potential and needs confirmation 
of additional tests. The 16 false positive samples in Q-
PCR were confirmed by cytological and 
histopathological tests. This false positive Q-PCR 
results and negative cultural and clinical findings could 
be due to contamination or early disease with low 
number of bacilli or may be latent infection which was 
picked up by Q-PCR when patients were still 
asymptomatic and before the structural damage to the 
tissue had taken place.  
Microscopic examination and culture were the classical 
approach to diagnose TB though less sensitive. Later 
on the diagnosis was done by the faster method based 
on PCR (Bennedsen et al., 1996). However PCR results 
were also variable and required proper standardization. 
Several reports are available to confirm the reliability 
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of PCR for TB diagnosis (Rattan, 2000, Bennedsen et 
al., 1996). The reported sensitivity for PCR was 91.4% 
for smear-positive specimens by Bennedsen et al. 
(1996). The detection through Q-PCR than PCR will 
save more time to diagnose. The earlier reported Q-
PCR sensitivity for TB positive samples was 92% 
(Drosten et al., 2003), 92.3% (Beqaj et al., 2007) and 
with 100% specificity for multiple species diagnosis 
than the smear and culture tests. PCR efficiency by 
Ortu et al. (2006) was 10% and 100%, respectively, 
compared to different conventional methods. The 
response is also dependent on the protocol preferred to 
isolate DNA. The report is even available to confirm 
the sensitivity of Q-PCR against applied protocols for 
DNA isolation (Thakur et al., 2011). Therefore Qiagen 
kit (Germany), the most referred technique for DNA 
isolation from M. tuberculosis was selected for DNA 
isolation in the present study. In the present work the 
similar approach was carried out to compare the Q-
PCR efficiency with smear, culture, histological and 
pathological techniques and find the much higher 
efficiency and specificity to diagnose compared to 
conventional methods. The results obtained from the 
present study were true to 95.91% of Q-PCR for the 
confirmed diagnosis of TB when the smear was 
positive.  
A total of 68 samples were studied and Q-PCR was 
found to be most sensitive (95.91%) method for the 
diagnoses of TB. However the 100% confirmed 
diagnosis was achieved with the coupling of other 
conventional techniques like smear, culture, 
histological and cytological analysis. These data 
justifies the importance of traditional techniques with 
the modern approach of diagnostic tools. The initial 
test may be done by Q-PCR but the results have to be 
confirmed through traditional approach before 
confirmed diagnosis and treatment. Therefore Q-PCR 
can serve as fast and reliable diagnostic tool but still 
can’t replace the conventional techniques of diagnosis. 
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Table 1: Reported primers and probes for Q-PCR used to diagnose MTB 

No. Specific 
Gene 

Amplified 
Product 

Primers Probe Reference 

1. IS6110 163-bp IS6(5’GGCTGTGGGTAGCAGACC3
’)  
IS7(5’CGGGTCCAGATGGCTTGC-
3’) 

5’TGTCGACCTGGGCA
GGGTTCG3’ 

Desjardin et 
al., 1998 

2. 16S rRNA -- KY18 
(5’CACATGCAAGTCGAACGGAA
AGG3’) 
KY75 
(5’GCCCGTATCGCCCGCACGCTC
ACA3’) 

KY172-T3 
(5’GGTGGAAAGCGCTT
TAGCGGT-3’) 

Tevere et al., 
1996 

3. 16S rRNA 100-bp LC 5 (5’GGC GGA GCA TGT GGA 
TTA3’)  
LC 4 (5’TGC ACA CAG GCC ACA 
AGG GA3’) 

anchor probe LC 11 
(5’CGCGGGCTCATC 
CCACACCG3’)  and 
sensor probe LC 12 
(5’TAAAGCGCT TTC 

Lachnik et 
al., 2002 

4. 16S rRNA 300-bp LC 7 (5’GAT AAG CCT GGG AAA 
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CTG3’)  
LC 8 (5’CTA CCG TCA ATC CGA 
GAG3’) 

CACCACAAG A3’)  

5. 16S rRNA 1,000-bp LC 1 (5’GAG TTT GAT CCT GGC 
TCA GGA3’)  
LC 4 (see 100-bp fragment) 

6. ITS 220-bp Sp1 
(5’ACCTCCTTTCTAAGGAGCACC
3’)  
Sp2 (5’GATGCTCG 
CAACCACTATCCA3’) 

5’ anchor probe 4602 
(5’GTGGGGCGTAGGCC
GTGAGGGG3’) and 3’ 
detection probe 4600 
(5’GTCTGTAGTGGGCG
AGAGCCGGGTGC3’) 

Miller et al., 
(2002) 

 

 
Table 2: The body fluid samples were confirmed for TB through Q-PCR, smear and culture 

No of samples Q-PCR SMEAR  CULTURE  
 9 + + + 
5 + + – 
3 + + – 
4 + – + 
13 + – – 
8 + – – 
1 + – – 
4 + – – 
2 – + – 

Total:49    
Confirmed 
diagnosis 

95.91% 38.77% 26.53% 

Diagnosis 
error  

4.08% 51.02% 59.37% 

‘+’ indicates positive results; ‘–‘indicates negative results. 
 

Table 3: The tissue samples were confirmed for TB through Q-PCR, culture, histological and cytological evaluation 
 

Total Q-PCR CULTURE HISTO/CYTO 
3 + – + 
9 + – – 
7 + – – 

Total: 19    
 

‘+’ indicates positive results; ‘–‘indicates negative results. 
 


