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M. tuberculosis complex in CSF samples of patients with TBM and non 
TBM control group and its comparison with conventional microscopy 
and culture in a large number of subjects [20].

Materials and Methods 
A total of 130 CSF samples received for AFB smear and culture in 

laboratory of tertiary care hospital of India, between September 2008 to 
December 2009 were evaluated. Patient’s age ranged from 12 – 90 years. 
The relevant history and other details of the patients were noted from 
the case records. The patients were divided into 3 groups: Group I: TBM 
(n=90): (a) Confirmed TBM-culture/smear positive (n=9), and (b) 
suspected TBM: smear/ culture negative, clinical and laboratory features 
suggestive of TBM and response to anti-tuberculosis therapy[20] 
(n=81); Group II: Non-TBM infectious meningitis (n=20): (a) pyogenic 
meningitis (n=8), (b) viral meningitis (n=10), and (c) fungal meningitis 
(n=2); Group III: Non-infectious neurological disorders(n=20): head 
injury (HI: n=10), Landry-Guillain-Barre syndrome (LGBS: n=2), 
multiple sclerosis (n=2) and tumors (n=6). The present study is a part 
of project approved by institute ethic committee.

Processing of CSF sample

All the 130 CSF samples were subjected to three microbiological 
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Introduction
Tuberculosis is a major cause of morbidity and mortality worldwide. 

The World Health Organization has noted that the global incidence of 
TB is increasing by 0.4% per annum [1]. Central nervous system TB 
accounts for about 5% of all extra-pulmonary TB and tuberculosis 
meningitis (TBM) is the most serious complication [2]. Delay in the 
diagnosis and institution of therapy can result in neurological sequelae 
in 20-25% of cases [3]. Prompt and accurate diagnosis is of paramount 
importance for better patient outcome. Although, conventional 
modalities such as microscopy and culture, are considered as gold 
standard tests, they have low sensitivity and limited role in diagnosis of 
pauci-bacilliary TB especially TBM. 

The development of a rapid, sensitive and specific test for detection 
of mycobacterium has been a long awaited need. A number of 
mycobacterial antigen [4,5] and antibody test kits [6,7] that have been 
developed are inadequate and require validation.

Nucleic acid amplification techniques (NAAT) such as polymerase 
chain reaction (PCR) have been reported to be more sensitive and 
specific. Several M. tuberculosis specific sequences such as IS6110, 
Protein antigen b [8], MPB64 and 65kDa have been evaluated [9,10]. 
Most of the earlier PCR based studies have used IS6110 because of its 
repetitive nature [9,11]. However, complete absence, or presence of a 
few copies of this sequence have been reported in some isolates [12-15]. 
Studies from India have also reported that a large number of clinical 
isolates (11-40%) had either a single copy or no copy of insertion 
sequence [16,17]. MPB64 has been demonstrated to be highly specific 
for M. tuberculosis complex [18,19] and some studies have reported 
sensitivity of 75 – 90% and specificity of 100%. There are few reports, 
with small sample size, on evaluation of MPB64 for the diagnosis of 
TBM patients in our region. Therefore, in the present study, for the first 
time, we evaluated PCR based assay using MPB64 primers specific for 
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Abstract
Purpose: Diagnosis of tuberculosis (TB) is largely based on microscopy and culture, which either lack sensitivity 

or are time consuming. In the present study a PCR test based on DNA sequence coding for MPB64, specific for 
Mycobacterium tuberculosis was compared with Ziehl-Nelson (ZN) stained acid fast bacilli (AFB) smear examination, 
culture based on conventional Lowenstein Jensen (LJ) medium for diagnosis of tuberculosis using cerebro-spinal 
fluid (CSF) samples from tuberculosis meningitis (TBM) patients.

Methods: PCR using MPB64 primers was performed on 9 TBM confirmed (culture was positive), 81TBM 
suspected and 40 non TBM (control group) patients.

Results: MPB64 PCR had sensitivity of 88.8% and specificity of 100% for confirmed TBM cases, where as in 
81 clinically diagnosed but unconfirmed TBM cases, MPB64 PCR was positive in 81.48 % cases. The sensitivity of 
microscopy, culture and PCR using MPB64 were 1.11%, 10%, 82.22% respectively and specificity was 100% for 
each.

Conclusion: PCR is an important diagnostic tool for rapid diagnosis of TBM. 
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On microscopic examination, AFB was positive in one CSF sample, 
which was also positive by culture and MPB64 PCR. Out of 9 confirmed 
TBM (culture positive) cases, 8(88.8 %) were positive by MPB64 PCR. 
Of 81 suspected TBM patients, MPB64 PCR was positive in 66(81.48%) 
patients and all 66 patients showed good response to anti-tuberculosis 
drug therapy. In control group all 40 patients showed negative result in 
all the three tests, thus giving 100 percent specificity.

A final diagnosis of TBM was made in 90 patients, based on results 
of culture, microscopy, PCR and response to anti tuberculosis drug 
therapy. Of these 90 patients, PCR was positive in 74, culture in 9, and 
microscopy in one. Thus the sensitivity of MPB64 PCR, culture and 
microscopy were 82.22%, 10% and 1.11% respectively. However the 
sensitivity of PCR in the confirmed TBM and suspected TBM group 
was 88.8% and 81.46% respectively. In non TBM group PCR was 
negative in all cases hence, the specificity was 100%.

Discussion
Tuberculosis meningitis is one of the most serious manifestation 

of extra-pulmonary tuberculosis and prompt diagnosis and treatment 
is required for better clinical outcome. The conventional methods such 
as microscopy and culture are not sensitive in pauci-bacilliary TB. 
Therefore the present study was carried out to evaluate the utility of PCR 
targeting MPB64 gene in comparison with conventional techniques 
such as microscopy and culture for the rapid diagnosis of TBM. 

Though microscopy is very economical, it has limitation of low 
sensitivity in extra-pulmonary pauci-bacilliary TB such as TBM. In 
the present study, AFB smear was positive in only one patient, which 
was also positive for culture and PCR. The number of bacilli required 
for positive acid-fast staining is 104/ml. Our results are similar to 
previous studies, which showed sensitivity in the range of 0 – 10% [22-
28]. A recent study established that both CSF volume and duration 
of the microscopic evaluation are independently associated with 
bacteriological confirmation of CNS tuberculosis, suggesting that a 
minimum of 6 ml of CSF fluid should be examined microscopically for 
a period of 30 min [29]. 

Though culture has been the gold standard test, it is time consuming. 
In the present study culture showed a sensitivity and specificity of 10% 
and 100% respectively. Other case series have also reported similar 
low CSF culture sensitivities which varies from 25 to 70% [30,31]. 

tests: Ziehl-Neelsen staining (ZN), culture on Lowenstein-Jensen 
medium and PCR with MPB-64. The CSF samples of the subjects were 
processed in a biosafety cabinet placed in a specially assigned room. 
About 200-300 μl of specimens aliquots were stored at -20°C. Using 200 
μl of centrifuge deposit for PCR, the rest of the deposit was used for acid 
fast microscopy by Ziehl-Neelsen method and culture was performed 
on 2 slopes of Lowenstein-Jensen medium. PCR was standardized 
and was found to have sensitivity to detect the DNA equivalent to 2-3 
organisms. It tested positive with standard strain of M. tuberculosis, H37 
RV DNA. 

DNA extraction

DNA was extracted according to the CTAB-phenol-chloroform 
extraction method. Briefly 0.2 ml of CSF was centrifuged at 10,000 rpm 
for 10 min. The supernatant was discarded and pellet was suspended in 
500 μl of TE Buffer (Tris -EDTA,) 30 μl 10% SDS and 3 μl proteinase k 
(20 mg/ml), mixed and incubated at 37°C for 1 hr. After incubation, 100 
μl of 5M NaCl and 80 μl of high salt CTAB (cetyl- trimethyl ammonium 
bromide) were added and mixed followed by incubation at 65°C for 10 
min. An approximate equal volume (0.7-0.8 μl) of chloroform-isoamyl 
alcohol (24:1) were added, mixed thoroughly and centrifuged for 5 min 
at 10,000 rpm.

The aqueous viscous supernatant was carefully decanted and 
transferred to a new tube. An equal volume of phenol: chloroform- 
isoamylalcohol (25:24:1) was added followed by a 5 min spin at 10,000 
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.

Polymerase chain reaction

In each independent PCR assay, positive control and one negative 
control were included. The positive control was the DNA of H 37 RV 
and negative control included the PCR grade water. Identification of 
M. tuberculosis was done using a specific pair of primers designed to 
amplify MPB-64 in the M. tuberculosis complex and the expected band 
size was about 240bp. The sequence of primers used P1ff and P2r were: 
5'- ACC AGG GAG CGG TTC GCC TGG -3' and 5'- GAT CTG GGG 
GTC GTC GGA GCT -3' respectively.

A 25 μl reaction contained 10x assay buffer (Banglore Genei, 
Banglore, India), 10 mM dNTPs (Banglore Genei), 10pmole of each 
primer, 2.5 units Taq DNA Polymerase (Banglore Genei, Banglore, 
India) and 5μl of extracted DNA. Amplification was carried in a 
thermal cycler, which involved 35 cycles including denaturation at 95°C 
for 4 min, annealing of primers at 63°C for 1 min. and primer extension 
at 72°C for one min. The amplification products were separated on 1.5% 
agarose gel and samples showing the presence of 240bp band under 
ultraviolet transillumination were considered positive.

Statistical methods

The sensitivity, specificity, positive predictive and negative 
predictive values were calculated using the standard formulae [21].

Results
Of the 130 CSF samples studied, 9 were samples from patients with 

confirmed TBM, 81 were from patients with clinically suspected TBM, 
20 were from patients with non-TBM infections, and 20 were from 
patients with non-infectious neurological diseases. Figure 1 shows the 
240bp amplification product (MPB64) of M. tuberculosis by PCR.

 
240 bp 

L1          L2        L3        L4         L5        L6 

Figure 1: PCR amplification of 240bp of MPB-64 gene of M. tuberculosis on 
1.5% agarose gel. Lanes:1: 100bp DNA marker, lane 2: Positive control, lane 
3,4,5: Positive CSF samples and lane6: Negative control.
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Therefore, culture takes too long time and cannot contribute in rapid 
diagnosis and management of TBM patients.

Among the various methods studied, PCR is considered the most 
sensitive and specific diagnostic method especially in cases where 
clinical suspicion is high but AFB staining is negative [32]. The majority 
of PCR based studies have targeted insertion sequence IS6110, as 
multiple copies are present in M. tuberculosis genome [33-35]. It has 
however been shown that there are M. tuberculosis strains prevailing in 
India which do not contain IS6110 [34]. It is believed that more studies 
are required to establish its utility in the diagnosis of TBM [36]. 

In our study, the MPB-64 PCR detected the presence of M. 
tuberculosis DNA in 88.8% of patients with confirmed TBM and 81.48% 
patients with clinically suspected TBM whose smear and culture results 
were negative. Seth et al[36] showed a similar rate of 85% in confirmed 
TBM cases where as Afroze et al. [37] showed a slightly lower rate of 
77.7% using similar MBP64 target. Some other studies have reported 
similar sensitivity rates ranging from 75-85% [36,38,39]. In terms of 
specificity it was 100% which agreed with other studies that showed 
similar specificity. Manjunath et al. [15] evaluated PCR assay targeting 
MPB64 on extra-pulmonary TB specimens with high sensitivity and 
specificity [40]. The reason for variable sensitivity in many studies could 
be due to low volume of CSF available, insufficient lyses of cells, loss of 
DNA during purification or different target used for amplification [41].

In our study, there was one patient who was culture positive but 
PCR negative and there were 15 clinically suspected patients who were 
also PCR negative. All these 15 patients responded to anti-tubercular 
therapy. The various reasons for PCR negativity in the culture positive 
case and the clinically suspected cases which responded to anti 
tuberculosis drug therapy could be small volume of CSF received in the 
microbiology laboratory, low number of bacteria in the CSF, poor lyses 
of bacteria in the CSF samples or the presence of some PCR inhibitors 
like bacterial contaminants, phenol etc in the CSF samples. Similar 
factors have also been reported to be responsible for PCR negativity in 
culture confirmed as well as clinically suspected cases of TBM in other 
studies [41,42]. Sometimes the tough cell wall of M. tuberculosis makes 
the isolation of target DNA difficult [41]. 

We have evaluated MPB-64 primer for the first time in large 
number of TBM and non-TBM CSF samples. A number of other 
studies have used IS6110 as target for amplification, but this may not 
be appropriate in our population due to previous reports that isolates 
in our environment lack IS6110 [33]. The sensitivity and specificity in 
the present study was much higher than earlier studies and suggest the 
utility of MPB-64 PCR as an important tool in the diagnosis of MTB, 
where conventional methods fail. Dar et al. [18] showed that PCR 
for MPB64 gene also provides a useful alternative for the diagnosis 
of pulmonary tuberculosis from sputum and pauci-bacillary samples 
such as Broncho Alveolar Lavage (BAL) and pleural fluid in which 
conventional methods show low sensitivity, and in areas where strains 
show low copy number of IS6110 targets.

In conclusion, MPB-64 PCR can play potentially important role 
in strengthening the diagnosis of TBM especially in pauci-bacillary 
cases. And in those in whom IS6110 is absent or present in low copy 
number. MPB-64 PCR needs further evaluation in large group of TBM 
patients before we can use it for routine diagnosis. In future, multiplex 
PCR should be carried out for diagnosis of TBM patients using different 
targets together. 

References

1.	 WHO (2003) Annual report on global TB control-summary. Wkly Epidemiol Rec 
78: 122-128.

2.	 Hopewell PC (1994) Overview of clinical tuberculosis: Tuberculosis 
pathogenesis, protection, and control. Washington DC: American Society for 
Microbiology

3.	 Kennedy DH, Fallon RJ (1979) Tuberculosis meningitis. JAMA 241: 264-268.

4.	 Prabhakar S, Oommen A (1987) ELISA using mycobacterial antigens as a 
diagnostic aid for tuberculosis meningitis. J Neurol Sci 78: 203-211.

5.	 Sumi MG, Mathai A, Sarada C, Radhakrishnan VV (1999) Rapid diagnosis of 
tuberculosis meningitis by a dot immunobinding assay To detect mycobacterial 
antigen in cerebrospinal fluid specimens. J Clin Microbiol 37: 3925-3927.

6.	 Coovadia YM, Dawood A, Ellis ME, Coovadia HM, Daniel TM (1986) Evaluation 
of adenosine deaminase activity and antibody to Mycobacterium tuberculosis 
antigen 5 in cerebrospinal fluid and the radioactive bromide partition test for the 
early diagnosis of tuberculosis meningitis. Arch Dis Child 61: 428-435.

7.	 Kameswaran M, Shetty K, Ray MK, Jaleel MA, Kadival GV (2002) Evaluation 
of an in-house-developed radioassay kit for antibody detection in cases of 
pulmonary tuberculosis and tuberculosis meningitis. Clin Diagn Lab Immunol 
9: 987-993.

8.	 Sharma K, Sharma A, Singh M, Ray P, Dandora R, et al. (2010) Evaluation 
of polymerase chain reaction using protein b primers for rapid diagnosis of 
tuberculosis meningitis. Neurol India 58: 727-731.

9.	 Rafi W, Venkataswamy MM, Ravi V, Chandramuki A (2007) Rapid diagnosis 
of tuberculosis meningitis: a comparative evaluation of in-house PCR assays 
involving three mycobacterial DNA sequences, IS6110, MPB-64 and 65 kDa 
antigen. J Neurol Sci 252: 163-168. 

10.	Kusum S, Aman S, Pallab R, Kumar SS, Manish M, et al. (2011) Multiplex PCR 
for rapid diagnosis of tuberculosis meningitis. J Neurol 258: 1781-1787.

11.	Querol JM, Farga A, Alonso C, Granda D, Alcaraz MJ, et al. (1996) [Applications 
of the polymerase chain reaction (PCR) to the diagnosis of central nervous 
system infections]. An Med Interna 13: 235-238.

12.	Singh UB, Bhanu NV, Suresh VN, Arora J, Rana T, et al. (2006) Utility of 
polymerase chain reaction in diagnosis of tuberculosis from samples of bone 
marrow aspirate. Am J Trop Med Hyg 75: 960-963.

13.	Agasino CB, Ponce de Leon A, Jasmer RM, Small PM (1998) Epidemiology 
of Mycobacterium tuberculosis strains in San Francisco that do not contain 
IS6110. Int J Tuberc Lung Dis 2: 518-520.

14.	Rajavelu P, Das SD (2003) Cell-mediated immune responses of healthy 
laboratory volunteers to sonicate antigens prepared from the most prevalent 
strains of Mycobacterium tuberculosis from South India harboring a single copy 
of IS6110. Clin Diagn Lab Immunol 10: 1149-1152.

15.	Fomukong NG, Tang TH, al-Maamary S, Ibrahim WA, Ramayah S, et al. (1994) 
Insertion sequence typing of Mycobacterium tuberculosis: characterization of a 
widespread subtype with a single copy of IS6110. Tuber Lung Dis 75: 435-440.

16.	Das S, Paramasivan CN, Lowrie DB, Prabhakar R, Narayanan PR (1995) 
IS6110 restriction fragment length polymorphism typing of clinical isolates 
of Mycobacterium tuberculosis from patients with pulmonary tuberculosis in 
Madras, south India. Tuber Lung Dis 76: 550-554.

17.	Chauhan DS, Sharma VD, Parashar D, Chauhan A, Singh D, et al. (2007) 
Molecular typing of Mycobacterium tuberculosis isolates from different parts of 
India based on IS6110 element polymorphism using RFLP analysis. Indian J 
Med Res 125: 577-581.

18.	Dar L, Sharma SK, Bhanu NV, Broor S, Chakraborty M, et al. (1998) Diagnosis 
of pulmonary tuberculosis by polymerase chain reaction for MPB64 gene: an 
evaluation in a blind study. Indian J Chest Dis Allied Sci 40: 5-16.

19.	Lee BW, Tan JA, Wong SC, Tan CB, Yap HK, et al. (1994) DNA amplification by 
the polymerase chain reaction for the rapid diagnosis of tuberculosis meningitis. 
Comparison of protocols involving three mycobacterial DNA sequences, 
IS6110, 65 kDa antigen, and MPB64. J Neurol Sci 123: 173-179.

20.	Deshpande PS, Kashyap RS, Ramteke SS, Nagdev KJ, Purohit HJ, et al. (2007) 
Evaluation of the IS6110 PCR assay for the rapid diagnosis of tuberculosis 
meningitis. Cerebrospinal Fluid Res 4: 10.

http://dx.doi.org/10.4172/scientificreports.204
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2148105/
http://www.taacf.org/about-TB-background.htm
http://www.ncbi.nlm.nih.gov/pubmed/102806
http://www.ncbi.nlm.nih.gov/pubmed/3106582
http://jcm.asm.org/content/37/12/3925
http://www.ncbi.nlm.nih.gov/pubmed/3087296
http://www.ncbi.nlm.nih.gov/pubmed/12204948
http://www.ncbi.nlm.nih.gov/pubmed/21045496
http://www.ncbi.nlm.nih.gov/pubmed/17182062
http://www.ncbi.nlm.nih.gov/pubmed/21455603
http://www.ncbi.nlm.nih.gov/pubmed/8767871
http://www.ncbi.nlm.nih.gov/pubmed/17123996
http://www.ncbi.nlm.nih.gov/pubmed/9626611
http://www.ncbi.nlm.nih.gov/pubmed/14607882
http://www.ncbi.nlm.nih.gov/pubmed/7718832
http://www.ncbi.nlm.nih.gov/pubmed/8593378
http://www.ncbi.nlm.nih.gov/pubmed/17598945
http://www.ncbi.nlm.nih.gov/pubmed/9727278
http://www.ncbi.nlm.nih.gov/pubmed/8064310
http://www.ncbi.nlm.nih.gov/pubmed/17976247


Citation: Kusum S, Manish M, Kapil G, Aman S, Pallab R (2012) Evaluation of PCR Using MPB64 Primers for Rapid Diagnosis of Tuberculosis 
Meningitis. 1: 204. doi:10.4172/scientificreports.204

Page 4 of 4

Volume 1 • Issue 3 • 2012

21.	Rosner B (2006) Fundamentals of biostatistics. (6thedn), Thomas Brook/Cole, 
Belmont, USA. 

22.	Folgueira L, Delgado R, Palenque E, Noriega AR (1994) Polymerase chain 
reaction for rapid diagnosis of tuberculosis meningitis in AIDS patients. 
Neurology 44: 1336-1338.

23.	Jatana SK, Nair MN, Lahiri KK, Sarin NP (2000) Polymerase chain reaction in 
the diagnosis of tuberculosis. Indian Pediatr 37: 375-382.

24.	Kox LF, Kuijper S, Kolk AH (1995) Early diagnosis of tuberculosis meningitis by 
polymerase chain reaction. Neurology 45: 2228-2232.

25.	Kulkarni SP, Jaleel MA, Kadival GV (2005) Evaluation of an in-house-developed 
PCR for the diagnosis of tuberculosis meningitis in Indian children. J Med 
Microbiol 54: 369-373.

26.	Clark WC, Metcalf JC, Jr., Muhlbauer MS, Dohan FC, Jr., Robertson JH (1986) 
Mycobacterium tuberculosis meningitis: a report of twelve cases and a literature 
review. Neurosurgery 18: 604-610.

27.	O'Toole RD, Thornton GF, Mukherjee MK, Nath RL (1969) Dexamethasone in 
tuberculosis meningitis. Relationship of cerebrospinal fluid effects to therapeutic 
efficacy. Ann Intern Med 70: 39-48.

28.	Sutlas PN, Unal A, Forta H, Senol S, Kirbas D (2003) Tuberculosis meningitis 
in adults: review of 61 cases. Infection 31: 387-391.

29.	Thwaites GE, Chau TT, Farrar JJ (2004) Improving the bacteriological diagnosis 
of tuberculosis meningitis. J Clin Microbiol 42: 378-379.

30.	Kent SJ, Crowe SM, Yung A, Lucas CR, Mijch AM (1993) Tuberculosis 
meningitis: a 30-year review. Clin Infect Dis 17: 987-994.

31.	Naughten E, Weindling AM, Newton R, Bower BD (1981) Tuberculosis 
meningitis in children. Recent experience in two English centres. Lancet 2: 
973-975.

32.	Bhattacharya B, Karak K, Ghosal AG, Roy A, Das S, et al. (2003) Development 
of a new sensitive and efficient multiplex polymerase chain reaction (PCR) for 
identification and differentiation of different mycobacterial species. Trop Med 
Int Health 8: 150-157.

33.	Caws M, Wilson SM, Clough C, Drobniewski F (2000) Role of IS6110-targeted 
PCR, culture, biochemical, clinical, and immunological criteria for diagnosis of 
tuberculosis meningitis. J Clin Microbiol 38: 3150-3155.

34.	Rafi W, Venkataswamy MM, Nagarathna S, Satishchandra P, Chandramuki A 
(2007) Role of IS6110 uniplex PCR in the diagnosis of tuberculosis meningitis: 
experience at a tertiary neurocentre. Int J Tuberc Lung Dis 11: 209-214.

35.	van Soolingen D, Hermans PW, de Haas PE, Soll DR, van Embden JD (1991) 
Occurrence and stability of insertion sequences in Mycobacterium tuberculosis 
complex strains: evaluation of an insertion sequence-dependent DNA 
polymorphism as a tool in the epidemiology of tuberculosis. J Clin Microbiol 
29: 2578-2586.

36.	Seth P, Ahuja GK, Bhanu NV, Behari M, Bhowmik S, et al. (1996) Evaluation 
of polymerase chain reaction for rapid diagnosis of clinically suspected 
tuberculosis meningitis. Tuber Lung Dis 77: 353-357.

37.	Afroze D, Mir AW, Kirmani A, Rehman S, Eachkoti R, et al. (2008) Improved 
diagnosis of central nervous system tuberculosis by MPB64-target PCR. 
Brazilian Journal of Microbiology 39: 209-213.

38.	Miorner H, Sjobring U, Nayak P, Chandramuki A (1995) Diagnosis of tuberculosis 
meningitis: a comparative analysis of 3 immunoassays, an immune complex 
assay and the polymerase chain reaction. Tuber Lung Dis 76: 381-386.

39.	Scarpellini P, Racca S, Cinque P, Delfanti F, Gianotti N, et al. (1995) Nested 
polymerase chain reaction for diagnosis and monitoring treatment response in 
AIDS patients with tuberculosis meningitis. Aids 9: 895-900.

40.	Manjunath N, Shankar P, Rajan L, Bhargava A, Saluja S, et al. (1991) 
Evaluation of a polymerase chain reaction for the diagnosis of tuberculosis. 
Tubercle 72: 21-27.

41.	Noordhoek GT, Kolk AH, Bjune G, Catty D, Dale JW, et al. (1994) Sensitivity 
and specificity of PCR for detection of Mycobacterium tuberculosis: a blind 
comparison study among seven laboratories. J Clin Microbiol 32: 277-284.

42.	Sumi MG, Mathai A, Reuben S, Sarada C, Radhakrishnan VV, et al. (2002) A 
comparative evaluation of dot immunobinding assay (Dot-Iba) and polymerase 
chain reaction (PCR) for the laboratory diagnosis of tuberculosis meningitis. 
Diagn Microbiol Infect Dis 42: 35-38.

http://www.asesg.org/PDFfiles/Gajah/30-19-Barnes.pdf
http://www.ncbi.nlm.nih.gov/pubmed/8035943
http://www.ncbi.nlm.nih.gov/pubmed/10781230
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC229200/
http://www.ncbi.nlm.nih.gov/pubmed/15770022
http://www.ncbi.nlm.nih.gov/pubmed/3086768
http://www.ncbi.nlm.nih.gov/pubmed/5304225
http://www.ncbi.nlm.nih.gov/pubmed/14715783
http://www.ncbi.nlm.nih.gov/pubmed/14715783
http://www.ncbi.nlm.nih.gov/pubmed/8110957
http://www.ncbi.nlm.nih.gov/pubmed/6117737
http://www.ncbi.nlm.nih.gov/pubmed/12581441
http://www.ncbi.nlm.nih.gov/pubmed/10970348
http://www.ncbi.nlm.nih.gov/pubmed/17263293
http://www.ncbi.nlm.nih.gov/pubmed/1685494
http://www.scielo.br/pdf/bjm/v39n2/a02.pdf
http://www.ncbi.nlm.nih.gov/pubmed/7495997
http://www.ncbi.nlm.nih.gov/pubmed/7576324
http://www.ncbi.nlm.nih.gov/pubmed/1882442
http://www.ncbi.nlm.nih.gov/pubmed/8150935
http://www.ncbi.nlm.nih.gov/pubmed/11821169
http://www.ncbi.nlm.nih.gov/pubmed/8796252

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Materials and Methods
	Processing of CSF sample
	DNA extraction
	Polymerase chain reaction
	Statistical methods
	Results
	Discussion
	Figure 1
	References



