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1. Introduction

   The central nervous system tuberculosis is one of 
the devastating manifestations of extra pulmonary 
tuberculosis with high rate of morbidity and mortality. 
I t  accounts for approximately 1% of all  cases of 
tuberculosis[1], presenting as tuberculous meningitis 
(TBM), arachnoiditis and tuberculoma with TBM being 

the commonest. Unless rapidly diagnosed and treated, 
it leads to severe long term sequelae and high rate 
of mortality. Without treatment, death usually occurs 
within 5-8 weeks[2]. There are reports of high prevalence 
of drug resistant pulmonary tuberculosis, in India and 
other developing countries[3]. Drug resistant [especially 
multiple drug resistance (MDR)] tuberculosis is also 
difficult to treat. Not much data is available on drug 
resistant extra pulmonary tuberculosis, including TBM[4]. 
Since the complication, sequelae and mortality can be 
prevented by early diagnosis, knowing the prevalence 
of drug resistant TBM in this setting and early initiation 
of appropriate treatment, by application of the rapid 
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Objective: To compare the performance of traditional and newer diagnostic methods for 
diagnosis of tuberculous meningitis (TBM) along with detection of drug resistant TBM.
Methods: Single cerebrospinal fluids sample from 281 suspected TBM patients was processed 
during August 2011 to July 2012 for acid fast bacilli (AFB) examination by Ziehl-Neelsen and 
auramine staining methods, AFB culture on Lowenstein-Jensen culture media, by microscope 
observation of drug susceptibility testing assay, and nucleic acid amplification tests by in-
house conventional PCR and in-house real time PCR targeting IS6110 insertion sequence. All the 
isolates were subjected to drug susceptibility testing for isoniazid, rifampicin, ethambutol and 
streptomycin by 1% proportion method. 
Results: The percentage positivity by AFB smear examination and culture on Lowenstein-Jensen 
media was 21% (59/281), 11.4% (32/281) respectively. The detection rate by conventional PCR was 
33.1% (93/281). The real time PCR showed positivity rate of 44.8% (126/281). The extra detection 
by real time PCR was 11.7%. Only one isolate was multiple drug resistant and 22 (68.8%) were 
pan-susceptible. Remaining eight isolates showed either mono/poly drug resistant to first line 
antitubercular drugs. 
Conclusions: Real time PCR is a more sensitive and rapid method if it is appropriately adopted 
in clinical practice for diagnosis of TBM. Prevalence of multiple drug resistance Mycobacterium 
tuberculosis causing TBM is low.
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and accurate diagnostic methods may prove useful to 
the patient in terms of better outcome and survival. 
Traditional staining methods used for diagnosis still hold 
good as they are easy to perform, rapid and inexpensive. 
However, their performance varies greatly with the 
observer and bacillary load. Conventional culture 
methods are time consuming. It takes approximately 
8 to 12 weeks for the organism to grow in Lowenstein-
Jensen (LJ) media. Newer automated methods are 
rapid, accurate but expensive and take about 5 to 42 d. 
Microscopic observation of drug susceptibility (MODS) 
testing assay, one of the liquid culture method for 
Mycobacterium tuberculosis (M. tuberculosis) growth and 
drug susceptibility testing detection is inexpensive and 
rapid[5]. PCR has gained popularity in recent years due to 
high clinical application along with substantial reduction 
in cost of reagents. 
   In the present study, we aimed to compare the 
performance of smear microscopy, culture methods 
including MODS and nucleic acid amplification methods 
targeting IS6110 insertion sequence in diagnosing TBM. 
Drug resistance patterns of mycobacterial positive 
isolates were studied. 

2. Materials and methods

   Cerebrospinal fluids (CSF) collected from the patients 
during August 2011 to July 2012 with suspicion of TBM 
were processed in bio-safety cabinet class II. All the 
samples irrespective of sample volume were centrifuged 
aseptically at 4 °C, 3 000 r/min, for 10 min. CSF volume 
which was too low and could not be centrifuged was 
excluded from the study. Supernatant was discarded, 
except a small volume (approximately 100 µL), which was 
used for suspension of pellet. One loop full of sediment 
was used for each smear preparation and two loops 
full were used for inoculation on each LJ media bottle. 
Remaining sample was used for DNA extraction. Smear 
examination for acid fast bacilli (AFB) was done after 
Ziehl-Neelsen staining and auramine staining[6,7]. All 
samples were subjected to M. tuberculosis culture on 
LJ media with and without Para-Nitro Benzoic acid[8]. 
Drug susceptibility testing was done for isoniazid, 
rifampicin, ethambutol and streptomycin on all isolates 
by 1% proportion method[8]. Our laboratory is under 
external quality control for culture and first line drug 
susceptibility testing (provided by the National JALMA 
Institute for Leprosy and Other Mycobacterial Diseases, 

Agra, India) .  MODS assay was done as previously 
described[5]. Early mycobacterial growth appears as 
small curved commas or spirals, and then progressed 
to thin cords later to more irregular serpentine cords. 
Any doubtful growth was confirmed by Ziehl-Neelsen 
staining. If two or more colonies (≥2 CFU) in drug free 
wells were detected then the result was considered 
positive. Growth in the drug free wells, but not in drug 
containing wells indicated susceptibility. Growth in 
the drug free wells as well as in drug containing wells 
indicated resistance.

2.1. DNA extraction

   DNA extraction was done by phenol chloroform 
method [9].  The  ex t rac ted  DNA was  ampl i f ied  by 
conventional  PCR and real  t ime PCR methods.  A 
positive and negative control was run in each batch of 
conventional and real time PCR. 

2.2. Conventional PCR

   Primers for IS6110 insertion segment amplification 

(synthesized by Bangalore, Genei, India) were used 
(forward primer: 5’CCT GCG AGC GTA GGC GTC GG3’ and 
reverse primer: 5’CTC GTC CAG CGC CGC TTC GG3’ ) [9]. 
Amplification reaction was set in a final volume of 25 µL. 
Total 5 µL of extracted DNA was added to 20 µL of PCR 
mixture. PCR mixture contained 25 mmol/L MgCl2, 20 pmol 
of each primer, 10伊 Taq buffer, 10 mmol/L (each) dNTPs 
and 2.5 unit of Taq DNA polymerase. The reaction cycle 
was carried out for 35 times in thermal cycler (Quanta 
Biotech-96). Results were analyzed on 1.2% agarose gel 
electrophoresis. A sharp band of 123 bp of amplified DNA 
if visualized was considered to be positive[9].

2.3. Real time PCR

   Same primers were used as in conventional PCR. 
The reaction was performed in a final volume of 10 µL 
containing 7 µL PCR master mix and 3 µL template DNA. 
[PCR master mix: SYBR Green master mix (SYBR Premix 
Ex Taq, Takara) 5 µL, nuclease free distilled water 1.78 
µL, the target specific forward primer and reverse primer 
[0.11 µL (10 pmol/µL) each)]. The reaction was optimized 
in Light cycler II (Roche Diagnostics) to obtain the best 
amplification kinetics; cycle conditions were initial 
denaturation for 10 min at 95 °C followed by 40 cycles 
of denaturation for 10 seconds at 95 °C, annealing for 
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20 seconds at 63 °C and extension for 15 seconds at 72 
°C. Melting curve kinetics were 95 °C for 2 seconds, 55 
°C for 40 seconds then taken to 95 °C. Fluorescence was 
recorded continuously. Single sharp melting temperature 
peak at 89.0 °C was considered positive. 

2.4. Controls

   The extracted DNA from the M. tuberculosis standard 
strain H37Rv was used as the positive control and 
nuclease free water was used as negative control. A 
known culture positive sample and nuclease free water 
were used as positive and negative extraction controls 
with each run. Every amplification reaction included 
positive and negative controls along with positive and 
negative extraction controls.

2.5. Statistical analysis

   Percentages were calculated wherever required. 
Percent positivity of each test was determined. Since this 
study did not have well characterized gold standards, and 
diagnostic accuracy of each test could not be ascertained.

3. Results

   Total 281 CSF samples from equal number of TBM 

suspects were tested. AFB smear examination by both 
Ziehl-Neelsen staining and auramine staining method 
detected 59 (21.0%) AFB positive samples. There was no 
discrepancy in Ziehl-Neelsen and auramine staining 
results. The culture on LJ media isolated M. tuberculosis 
from 32 (11.4%) samples and isolated mycobacteria 
other than tuberculosis from one (0.4%) sample. The 
contamination rate on LJ media was 2.1% (6 samples) 
(Figure 1). Total 35 (12.5%) AFB positive samples were 
negative on LJ media; however, 9 (3.2%) samples which 
were negative by AFB smear examination methods had 
shown the growth of M. tuberculosis on LJ media. 
   The molecular diagnostic methods detected all the 
positives detected by AFB smear examination methods, 
and culture methods. One isolate which was detected 
as mycobacteria other than tuberculosis on culture was 
not detected by tuberculosis-PCR. Conventional PCR 
detected 93 (33.1%) samples as positive. Extra 26 (9.3%) 
samples which were negative by AFB smear examination 
and culture were detected by conventional PCR. The real 
time PCR showed positivity rate of 44.8% (126/281). It has 
picked up all samples positive by AFB smear, culture and 
conventional PCR. Total 33 samples (11.7%), which were 
negative by all other methods, were detected by real time 
PCR (Figure 1).
   Drug susceptibility testing was done on 32 isolates. A 
total of 22 (68.8%) isolates were pan susceptible (sensitive 
to all the 4 drugs). Only one (3.1%) isolate was MDR (both 

Total CSF sample tested (n=281)

AFB smear

LJ culture

Conventional PCR

Real time PCR

POS-59

POS-9POS-23 NEG-35

NEG-1

NEG-1 POS-23 POS-35 POS-9 POS-26 POS-33 NEG-148

NEG-222

NEG-207 CONT-6

NEG-6

NEG-6

NEG-181POS-26POS-9POS-35POS-23

MOTT-1

Figure 1. Flowchart of results obtained by various microbiological methods (AFB smear, LJ culture, Conventional PCR, Real time PCR) with CSF samples of TBM suspects. 
POS: Positive sample; NEG: Negative sample; CONT: Contaminated; MOTT: Mycobacteria other than tuberculosis.
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isoniazid and rifampicin resistant). No mono rifampicin 
resistance was detected. The details of drug susceptibility 
testing are shown in Table 1. 

Table 1
Resistance to first line anti-tubercular drugs in clinical isolates of M. 
tuberculosis from CSF of cases with clinical diagnosis of TBM.
Drugs No. of positive isolates n=32 (%)

Pan sensitive 22 (68.8%)

Mono-R* to H 3 (9.4%)

Mono-R to R                                           Nil
Mono-R to E 2 (6.3%)

Mono-R to S 2 (6.3%)

R to H & E 1 (3.1%)

R to H & S 1 (3.1%)

H,R** & E 1 (3.1%)
*R: Resistance; **H, R: MDR isolate; H: Isoniazid; R: Rifampicin; E: 
Ethambutol; S: Streptomycin.

   MODS assay was done only on 181 samples. Other 
samples could not be processed as the sample volume 
was low. M. tuberculosis was isolated from 13 samples 
(7.2%) and mycobacteria other than tuberculosis from one 
sample (0.6%). One (7.7%) was MDR, two (15.4%) showed 
monoresistance to isoniazid and 10 (79.9%) isolates were 
sensitive to both isoniazid and rifampicin. No discrepancy 
was noted between results of drug susceptibility testing 
with 1% proportion method and MODS assay. 

4. Discussion

   Laboratory confirmation of TBM was possible in 126 
samples (44.8%) in our study. Only one case was MDR-
TBM. MODS assay was less sensitive (7.2% positivity) 
than other modalities of testing, including cultures 
on LJ media (11.7% positivity). Stewart et al. detected 
91/100 cases of TBM by Ziehl-Neelsen staining and all 
were subsequently confirmed by LJ culture[10]. Simple 
measures like increased volume of CSF (at least 6 mL) and 
examination time at least 30 min can improve diagnostic 
performance[11]. Various studies have reported detection 
rate of CSF samples from TBM patients by LJ culture 
ranging from 10.2% to 55.8%[12]. Later conducted studies 
however, showed low positivity of approximately 4% 
in LJ culture[6,13]. We reported higher positivity of AFB 
smear examination than culture. Culture supposedly 
provides higher positivity than smear examination. We 
accepted all the CSF samples irrespective of the volume 
of CSF. Excluding samples with low volume would have 
increased the culture yield. However, since CSF is a 
precious sample we decided not to exclude any samples 
on the basis of low volume. Culture positivity remains 

low in case the patient is already on anti-tubercular 
treatment. We could not analyze the history of drug 
intake for each case. We also used solid culture method 
(LJ media). Using liquid media may have increased the 
culture positivity.
   The percentage positivity was more by conventional 
PCR as compared with traditional methods. In our 
previous study it was shown that IS6110 is a reliable 
target sequence with high sensitivity and specificity, 
even in Indian wild strains of M. tuberculosis [9]. In 
previous studies, PCR assays targeting the IS6110 insertion 
sequence revealed overall 70%-98% sensitivity and 80%-
100% specificity for TBM diagnosis[14]. However, a potential 
problem with using IS6110 target is that some strains 
from certain parts of the world lack the IS6110 insertion 
sequence[15]. A study from South India suggested PCR 
using one target alone cannot detect all strains of M. 
tuberculosis but the use of more than two targets (IS6110 
and TRC4) can improve detection of TBM and tubercular 
pleuritis[16]. The maximum detection was possible by real 
time PCR along with certain advantages like real time PCR 
is more rapid than conventional PCR. Conventional PCR 
requires agarose gel electrophoresis, which may result 
in laboratory contamination, but post amplification gel 
electrophoresis is not required for real time PCR. Assay 
has increased sensitivity to detect even small amount of 
M. tuberculosis DNA with high positivity, sensitivity and 
specificity in extra pulmonary tuberculosis by real time 
PCR amplifying the same target (IS6110)[17,18]. 
   Published reports of MDR in TBM are very limited. In 
one of our recent publication[19], similar results were 
seen although high prevalence of MDR in Indian pediatric 
meningitis cases was reported in other studies[6]. A 
retrospective study conducted in South Africa showed 
8.6% MDR in CSF isolates[20]. High drug resistance in TBM 
(13% monoresistance, 32.6% polyresistance, 8.7% MDR) was 
reported from Vietnam[21]. 
   Evaluation of MODS in detection of drug resistance 
in pulmonary tuberculosis was done by our group and 
high sensitivity (92.7%) and specificity (98%) of detection 
of rifampicin resistance was observed[22]. Other studies 
have shown low positivity and sensitivity of MODS[23,24]. 
We found MODS to be less sensitive for detection of M. 
tuberculosis, however, the susceptibility data matched 
with that of 1% proportion method.
   Real time PCR is a sensitive and rapid method if 
appropriately adopted in clinical practice for diagnosis of 
TBM. MDR-TBM is fortunately low in our setting; however, 
a continuous surveillance is needed.



Sangamithra Neelakantan et al./Asian Pac J Trop Dis 2014; 4(Suppl 2): S648-S652S652

Conflict of interest statement

   We declare that we have no conflict of interest.

References

[1]    Cherian A, Thomas SV. Central nervous system tuberculosis. 
Afr Health Sci 2011; 11(1): 116-127.

[2]    Tandon PN, Bhatia R, Bhargava S. Tuberculous meningitis. 
In: Haris AA, editor. Handbook of clinical neurology (revised 
series). Amsterdam: Elsevier Science; 1988, p. 195-226.

[3]    World Health Organization. Global tuberculosis report 2013. 
Geneva: World Health Organization; 2013. [Online] Available 
from: http://www.who.int/tb/publications/global_report/en/ 
[Accessed on 20th October, 2013]

[4]    Gurung R, Bhattacharya SK, Pradhan B, Gurung S, Singh Y. 
Phenotypic characterisation and drug sensitivity testing of 
mycobacteria isolated from extra-pulmonary tuberculosis. 
Kathmandu Univ Med J (KUMJ) 2010; 8(29): 57-61.

[5]    Limaye K,  Kanade S,  Nataraj  G,  Mehta P.  Uti l i ty  of 
microscopic observation of drug susceptibility (MODS) assay 
for Mycobacterium tuberculosis in resource constrained 
settings. Indian J Tuberc 2010; 57: 207-212.

[6]    Baveja CP, Gumma V, Jain M, Chaudhary M, Talukdar B, 
Sharma VK. Multidrug resistant tuberculous meningitis in 
pediatric age group. Iran J Pediatr 2008; 18: 309-314.

[7]    Central TB Division. Manual for sputum smear fluorescence 
microscopy. New Delhi: Central TB Division, Ministry of 
Health and Family Welfare; 2012. [Online] Available from: 
http://tbcindia.nic.in/pdfs/Flourescence_Microscopy%20

Manual.pdf [Accessed on 20th October, 2013]
[8]    Central  TB Divis ion.  Manual  o f  s tandard operat ing 

procedures: culture of Mycobacterium turberculosis and 
drug susceptibility testing on solid medium. New Delhi: 
Central TB Division, Ministry of Health and Family Welfare; 
2010. [Online] Available from: http://tbcindia.nic.in/pdfs/
standard%20operating%20procedures%20for%20C&DST%20

labs.pdf [Accessed on 20th October, 2012]
[9]    Amita J, Vandana T, Guleria RS, Verma RK. Qualitative 

evaluation of mycobacterial DNA extraction protocols for 
polymerase chain reaction. Mol Biol Today 2002; 3: 43-50.

[10]  Stewart SM. The bacteriological diagnosis of tuberculous 
meningitis. J Clin Pathol 1953; 6: 241-242. 

[11]  Kusum S, Manish M, Kapil G, Aman S, Pallab R, Kumar SS, et 
al. Evaluation of PCR using MPB64 primers for rapid diagnosis 
of tuberculosis meningitis. Open Access Sci Rep 2012; 1: 204. 

[12]  Thakur R, Goyal R, Sarma S. Laboratory diagnosis of 

tuberculous  meningi t is-is  there  a  scope for  fu ther 
improvement? J Lab Physicians 2010; 2(1): 21-24. 

[13]  Parija SC, Gireesh AR. Early diagnosis of tuberculous 
meningitis: a comparison of nested polymerase chain reaction 
and BacT/ALERT. Indian J Pathol Microbiol 2011; 54: 421-422.

[14]  Takahashi T, Tamura M, Takasu T. The PCR-based diagnosis 
of central nervous system tuberculosis: up to date. Tuberc Res 
Treat 2012; doi: 10.1155/2012/831292.

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

[16]  Barani R, Sarangan G, Antony T, Periyasamy S, Kindo AJ, 
Srikanth P. Improved detection of M. tuberculosis using two 
independent PCR targets in a tertiary care centre in South 
India. J Infect Dev Ctries 2012; 6(1): 46-52.

[17]  Bhardvaj AS, Parabia FM, Patel KJ, Thakur MC, Khan A. 
Evaluation of diagnostic potential of real-time PCR (Q-PCR) 
for pulmonary tuberculosis. Int J Pharm Life Sci 2012; 3(5): 
1720-1724.

[18]  Papaparaskevas J, Houhoula DP, Siatelis A, Tsakris A. 
Molecular-beacon-based real-time PCR for detection and 
quantification of Mycobacterium tuberculosis DNA in clinical 
samples. J Clin Microbiol 2008; 46(9): 3177-3178.

[19]  Jain A, Dixit P, Jaiswal I, Garg RK, Kumar R. Drug resistance 
in mycobacterial isolates from meningitis cases. Pediatr 
Infect Dis J 2012; 31(12): 1317.

[20]  Patel VB, Padayatchi N, Bhigjee AI, Allen J, Bhagwan 
B, Moodley AA, et al. Multidrug-resistant tuberculous 
meningitis in Kwazulu-Natal, South Africa. Clin Infec Dis 
2004; 38(6): 851-856.

[21]  Torok ME, Chau TTH, Mai PP, Phong ND, Dung NT, Choung 
LV, et al. Clinical and microbiological features of HIV-
associated tuberculous meningitis in Vietnamese adults. 
PLoS One 2008; doi: 10.1371/journal.pone.0001772.

[22]  Dixit P, Singh U, Sharma P, Jain A. Evaluation of nitrate 
reduction assay, resazurin microtiter assay and microscopic 
observat ion drug suscept ibi l i ty  assay for  f i rs t  l ine 
antitubercular drug susceptibility testing of clinical isolates 
of M. tuberculosis. J Microbiol Methods 2012; 88: 122-126.

[23]  Caws M, Dang TM, Torok E, Campbell J, Do DA, Tran TH, 
et al. Evaluation of the MODS culture technique for the 
diagnosis of tuberculous meningitis. PLoS One 2007; doi: 
10.1371/journal.pone.0001173.

[24]  Dang TM, Lan NTN, Wolbers M, Duong TN, Quang ND, Thinh 
TTV, et al. Microscopic observation drug susceptibility assay 
(MODS) for early diagnosis of tuberculosis in children. PLoS 
One 2009; doi: 10.1371/journal.pone.0008341. 


