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ABSTRACT 
Aim: DNA amplification by the polymerase chain reaction (PCR) was evaluated as a means for rapid diagnosis of tuberculous 
meningitis (TOM). 
Methods: A 240 by region (nts 460400) from the MPB 64 protein coding gene specific for Mycobacterium tuberculosis (TO) 

was selected for amplification. Nineteen clinical .samples were studied. Six were obtained from patients with TBM diagnosed 
by culture (4/6) or by response to therapy (2/6). The remaining 13 samples were obtained from patients with febrile seize es 

(8/13), aseptic meningitis (3/13) and septic meningitis (2/13), and these served as negative controls. 
Results- We detected TB DNA in all the 6 CST' specimens obtained from patients with TOM. PCR alone was sufficient to detect 
TB DNA in 5 of these 6 samples. However, one sample was positive only when PCB was followed by oligonucleotide 
hybridisation. In the 2 patients whose CS!' were obtained only after commencement of TB therapy, TB cultures were negative 
but positive on PCR nd oligoprobe labelling. The diagnosis of TBM was confirmed based on their remarkable response to 

therapy. Twelve of the thirteen negative controls were TB DNA negative. There was one false positive sample, which was 

thought to be due to TB DNA contamination. 
Conclusion: Taken together, our results indicate that DNA amplification using PCR, followed by oligonucleotide hybridisation 
offers a rapid (5 working days) means of diagnosis of TBM, provided care is taken to ensure that cross contamination of DNA 

samples is avoided. 

Keywords: tuberculous meningitis, polynterase chain reaction, oligonucleotide hybridisation. 

SINGAPORE NIED J 1994; Vol 35: 360-363 

INTRODUCTION 
Tuberculous meningitis (TBM) caused by Mycobacterium 
tuberculosis (TB) can be diagnosed by clinical manifestations, 
smear examination and culture growth of the bacteria. 
Although detection by direct acid -fast staining for bacilli 
offers the most rapid means of detection of TB organisms, the 
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relatively few organisms in the CSF make detection difficult 
as a smear examination requires a minimum of 10,000 

organisms/mil". The absolute diagnosis of TBM therefore 
continues to depend on culture techniques which require 6-8 
weeks for culture identification. Asa result, its diagnosis is 

often presumptive, and TB treatment may either be delayed 
or started unnecessarily. 

Immunological methods used to detect M. tuberculosis 
antigens have been developed as an alternate and rapid means 
of diagnosis of tuberculosis" .3). Unfortunately, the specificity 
of these tests have been affected by the cross reactivity of M. 

tuberculosis antigens with other mycobacterial speciest", and 
attempts at improving specificity by limiting antigen detection 
to only those specific for M. tuberculosis have resulted in a 

reduction of test sensitivityet. 
Knowledge of the mycobacterium genontic sequences 

coupled with the sensitive DNA amplification technique by 

the polymerase chain reaction (PCR)t&') have recently allowed 
rapid detection of M. tuberculosis DNA. Mycobacterial DNA 
in clinical samples have been detected using PCR by 

amplification of the MPB 64 proteintss', the 65 kDa heat shock 
proteint10'u and the IS6110 insertion DNA sequencer" ,131. In 

this study, we evaluated the usefulness of DNA amplification 
using PCR for the detection of the MPB 64 protein specific 
for M. tuberculosis in CSF specimens in the diagnosis of 
TBM. 

MATERIALS AND METHOD 

Bacterial cultures 
M. tuberculosis cultures were kindly provided by the TB 
laboratory, Tan Tock Seng Hospital (TTSH). Non- 
mycobacterial cultures of Pseudomonas species, Klebsiella 
species and ß -streptococcus A and B and G were obtained 
from the Microbiology Department, National University 
Hospital (NUH). 
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Clinical specimens 
A total of 19 CSI' specimens from patients hospitalised at the 
NUI I and TTSI I were evaluated. CSI' samples were obtained 
from 6 patients with IBM. diagnosed either by a positive TB 
culture (4/6) or by the patients' remarkable ¡espouse to 
treatment. The latter 2 samples were likely to be TB culture 
negative as they were obtained after commencement of 
therapy. The non -f ube'eulous specimens were obtained from 
patients with febrile fit (8/13), aseptic (3/13) and septic 
meningitis (2/13), and these acted as negative controls. 

DNAextraction 
Bacterial strains 
DNA was extracted from bacterial cultures using sodium 
dodecyl sulphate (SDS) and proteinase K. A loopful of 
bacteria was resuspended in Tris-EDTA. SDS and proteinase 
K were added to final concentrations of 0.5% and 100 µg/ml. 
The mixture was incubated for I hour at 37°C- Cell wall 
debris and remaining proteins were removed by precipitation 
with cetydlrìmethylammonium bromide (CIAO, Aldrich, 
Milwaukee USA) for 10 minutes at 65°C. DNA was purified 
using phenol-chloroform-isoanpd alcohol extractions. 

Cerebrospinal fluid 
CSF specimens were atiquoted into one m1 volumes and stored 
at -70°C. SDS and proteinase K were added to final 
concentrations of 0.2% and 120 µg/ml. The mixtures were 
incubated for I hour at 65°C, and then for a further 5 hours 
at 37°C. DNA was purified using phenol-chloroform-isoamyl 
alcohol extractions. 

DNA extracted from both bacteria and CSF were 
precipitated in 3 utol/L sodium acetate and ethanol. Aqueous 
DNA was washed in alcohol, dried and then solubilised in 
double distilled water. 

DNA amplification by the polymerase chain reaction 
DNA amplification of the 240 bp region from the 
MPB 64 protein coding gene specific for M. tuberculosis's) 
was carried out using two oligonucleotide primers, 
5'-TCCGCTGCCAGTCGTCTTCC-3' and 
5'-GTCCTCGCGAGTCTAGGCCA-3. The PCR protocol 
involved 40 cycles of amplification performed at 94°C 
(denaturation, t min), 60°C (annealing, 2 min) and 71'C 
(extension, 2 min). Amplified DNA was electrophoresed in 
1% agarose gels at 100V for I hour and then transfen'ed to 

HyBond-N membranes (Amersham International, England). 

Oligonucleotide hybridisation 
The oligonucleotide probe 5'-CTTCAACCCGGGGGAGT-3' 
from the midportion of the amplified sequence") was labelled 
at the 5' end with T4 polynucleotide kinase (Amersham 
International, England) using a-32 P-dCTPt'sl. Membranes 
were prehybridised for 1 hour at 42°C in buffer containing 
0.54 M NaCI, 30 mM NaH2POt, 3 mM EDTA, 5X Denhardt's 
solution, 0.5% SDS and I mg/ml salmon sperm DNA. 
Hybridisation was carried out ut 6X SSC (IX SSC: 0.5 M 
NaCI, 15 mM sodium citrate) containing 0.05% sodium 
pyrophosphate at 42°C. Hybridised membranes were washed 
once at room temperature for 10 minutes and for 20 minutes 
at 51°C. The membranes were then exposed to X-ray films 
(Kodak X-omat AR, Kodak) at -70°C overnight. 

RESULTS 
Our overall results are summarised in Table I. The PCR 
technique detected TB DNA in 5/6 TBM specimens. PCR 

Table I - Overall summary for the diagnosis of 'rim 

TB culture Amplified 240bp 

DNA (PCR) 

RC and 

oligonucleotide 

hybridisation 

TOM pt=6) 4/6' 5/6 6/6 

Negative controls 

(n=13) 

ND as 1/13 1/13 

lu the 2 neati'e spcAmmns. CSI' "ere obtained from p:aenis after 
ìmGauon of TB hemp). 

" `1D=nom done- All the ueganve controls did not receive TB therapy. 

Fig 1 - Gel electrophoresis of PCR products. DNA was 
extracted from CSF specimens, and ant plified by l'CR 
using printers for the MPH 64 protein. The 1236p ladder, 
(lane I), DNA from M tuberculosis (lane 2), TBM positive 
specimens (lanes 3-7), negative controls (lanes 8 -II) are 
shown. 

Fig 2 - Autoradiograph of oligonucleotide hybridisation 
with the MPH 64 protein probe. DNA from the 
electrophoresed gel shown in Fig I was transferred to 
nylon membrane by Southern blotting. 'The membranes 
was hybridised with radiolabelled ('2P) oligonucleotide 
probe. Positive bands are seen in lanes 2-7, which 
correspond to M tuberculosis DNA, and 5 positive T'HM 
specimens respectively. The negative lanes (8-l1) 
correspond lo negative controls. 

1 2 3 4 5 6 7 8 9 10 1 e 0.. 
'md oligonucleotide hybridisation enabled the detection of 
TB DNA in all the 6 specimens obtained from the TBM 
patients. When compared with standard TB culture, PCR 
followed by oligonucleotide hybridisation was also more 
sensitive, especially if CSF specimens were obtained after 
commencement of TB therapy. In 2 such cases, TB DNA was 
present on PCR and oligonucleotide hybridisation, but 
negative on TB culture. The diagnosis of TBM in these 
patients was confirmed by their remarkable response to TB 
therapy. 
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Fig 3 - Gel electrophoresis of PCR products. DNA was 
extracted from non ruycobaderia and amplified by PCR 
using printers l'or the MPB 64 protein. The 123 bp ladder 
(lane 11, DNA front Eschericlda coli, Ji Streptococcus A, 6, 
G, Klebsiella sp, and Pseudomouas sp (lanes 3-8), and M 

tuberculosis (lanes 2 and 9) are shown. 

a+ztvts9 e , or7;siar. 
1 2.3 .4 5 6 8 9 ' 

46' - 
a3 bit's ' 

Fig 4 - Autoradiograph of oligonucleotide hybridisation 
with the MPB 64 protein probe. DNA from the 
electrophoresed gel shown in Fig 3 was transferred to 
nylon membrane by Southern blotting. The membranes 
was hybridised with radiolabelied JzP) oligonucleotide 
probe. Positive bands are seen in lanes 2 and 9 correspond 
to M tuberculosis DNA, the negative lanes (3-8) correspond 
to Escherichia colt, ff Streptococcus A, 8, G, Klebsiella sp, 

and Pseudon onas sp, respectively. 

With regard to the 13 negative controls, there was one 
false positive result. This false positive specimen was obtained 
from a patient with febrile seizure. He recovered uneventfully 
from his acute illness and did not receive anti -TB therapy. 

Fig I and 2 show the results of a typical experiment. The 
240 bp DNA fragment of the MPB 64 protein amplified with 

DNA extracted from M. tuberculosis (Fig I, lanes 2 and 3), 

and three TBM culture positive CSF specimens (Fig 1, lanes 
4-6) were observed as distinct bands after get electrophoresis 
and ethidium bromide staining. The specimen obtained from 
a patient who responded to TB therapy but was TB culture 
negative, was negative on PCR (Fig I, lane 7). The remaining 
4 lanes (Fig I, 8 -Il) which did not show any bands were 

PCR products from 4 negative controls. After hybridisation 
of the 240 bp PCR products with the oligonucleotide probe, 
DNA from M. tuberculosis, and the DNA front the 4 TBM 
patients, including the patient who was negative on PCR 

alone, gave a distinct band (Fig 2, times 2-7). 
In several experiments. DNA extracted from six non- 

myeobaeieiia (E. colt. Klebsiella spp.. Pseudomo;ms spp.,ß- 
Sureptococcus A, 13 and G) shooed only non-specific 
amplified fragments (Fig 3, lanes 3-8), and did not produce 
a band alter autoradiography (Fig 4. lanes 3-8). In contrast, 
DNA front M. urbcrculnsi.s show ed distinct bands on PCR 
and probing (Figs 3 and 4, times 2 and 9). 

DISCUSSION 
the detection of the DNA encoding for the MPB 64 protein 
using PCR and oligonucleotide hybridisation was evaluated 
as a means for the diagnosis of TBM. Our results indicate 

that PCR with of igonueleotide probing has several advantages 
over the current methods for the detection of TBM. In 

particular, it was shown to be a more sensitive test than culture 
of the mycobacteria. We were not only able to detect M. 

tuberculosis DNA in all the TB culture positive specimens (4/ 
4), but detection was also possible ut the 2 specimens which 
were obtained after commencement of therapy and were TB 

culture negative (fable L Figs I and 2). Furthermore, the 

rapidity of obtaining results by PCR, which could he made 
available within 5 days, contrasts with the long wait of 6 to 

8 weeks for culture results. 
The extreme sensitivity of the PCR technique is dependent 

on the number of amplification cycles°S. In this study, we 

found 40 cycles to be optimum. Despite these optimal 
conditions, which gave negative results with non- 
ntycobacterìa DNA (Figs 3 and 4), one of the 13 negative 
control CSF specimens gave a false positive result (Table I). 

In our earlier experiments, when strict precautions on cross 
contamination were not observed, we came across specimens 
which were initially negative on PCR but subsequent repeat 
testing revealed a positive result (data not shown). We 

therefore feel the false positive result in this study was due 
to cross contamination from 113 positive specimens. In this 
regard, Shankar and coworkers061 had also reported similar 
problems with contamination of specimens, where an initial 
PCR study produced 6 false -positives and a subsequent repeat 
of the same patients with fresh CSF gave negative results. 
Thus, it cannot be overemphasised that extra precaution is 

made with regards to cross contamination. As a precautionary 
step, we now carry out DNA extraction from TB positive and 
negative specimens In different fume chambers, in addition to 

performing prcamplifrcation and post amplification procedures 
in separate areas. 

In conclusion, we have found PCR with oligonucleotide 
hybridisation to be a useful technique for the rapid diagnosis 
of TBM. We are currently evaluating its use for the diagnosis 
of other forms of TB. In addition, the use of other primers for 
TB DNA with multiple copies within a genome, such as the 

156//0 insertion Memento') is also being evaluated as a 

method to increase PCR sensitivity so that oligonucleotide 
probing may be unnecessary. 

ACKNOWLEDGEMENTS 
We wish to thank Mrs Lo Kwee Lee of TB culture laboratory, 
Tan Tock Seng Hospital, for the M Tuberculosis cultures, Dr 
Gamini Kumarasinghe for the nonmycobacterìal cultures, and 

Mr Tan Lip Song for photographic assistance. 

REFERENCES 

I. Bates ill. Diagnosis of tuberculosis. Chest 1979: 19(Soppl)` 753-63. 

2 Daniel TM, Debanne SM. "Die serodmgnosis of mborcn tosis and other mycobacierial 
diseases by enzyme -linked imnnmosorbeni assay. tin Rev Resp Dis 1987. 135: 1137- 

51. 

362 



3. 

4 

Kedival CV. Samuel .\,\L M1laurole 101.IS. Chapar -as SD Rudioimmnnoasary for 
detecting Jr)r;mbuerenurn urberndo.is u mgcn u reWuspinal fluid of patients with 
tuberculous mcnmgiris. J Infect Du 1987, 155 605-11. 

GrangelM- Thc rapid diagnmdsof puumbamllary tuberculosis. Tubercle 1989.10 I- 

?- Bodumdes GAI. Rudd R. Pers enslein P Ivanyi J antral value of the measurement 
of AIycobunmunr ruberuAanºspunbe annhndy m V hnonary tuberculosis.Thorax 
1992: 47 2711 5. 

6. Salk] IIK, Schad S. ialoona IS \lull's KB. Ilan GT. Erlich IIA. et al. Enzymatic 
amplifianton a1 R rlohm genonne sequencer and restriction site analysis for diagnosis 

of sickle cell anaemia Science 1985: 230 - 1350-1- 

7 Scharf S. I loos G. Iidtch II Direct cloning and sequence analysts of enzymatically 
ampldmd gelunmc sequences Selene 1956: 233 1076.8. 

R. Kaneko K. (Moslem O. Ma ) amk:1:1'3 i S. Rapid diagnosis of m bcrculous meningitis 
by the polymerase chain re turion (PCIe)- Neurology 1991: -ID . 1617-8. 

9. Manjtuuoh N. Sit:mk,1r l'. Ratan L, Bluryave 4 Salaja S. Sivinisaa.a. livaludlon of a 
polymerise chant reaction for Ilse diagnosis of tuberculosis 'tubercle 1991: 72 : 21- 
7. 

1D. Brisson -Noel A. Lecosaer D. Nassrt X. Glequcl B. Levy-14ebault V. Hance A. Rapid 
diagnosis of tuberculosis by ampi rlicabnn of mrycobactetial DNA in clinical samples. 
Lancer 1989: it 1069.71. 

I1. Saboor S. Johnson NM, NIchaddcn 1. Detection of nrycobacteriul DN \ In sar coidosis 
and tuberculosis with pol)n' mac chain reaction. Lancet 1992: 339 r 1012-5. 

12. Eisenach KD, Care MD. Bates 1I1. Crawford IT. PesErnerase chain reaction of n 

repetitive DNA sequence specific for 31rrubuneruun rubennfnsi, I Infect Dis 19911. 

161 :977-81. 

13. NSlker D.\. l':p loi IK, 'rhichell D\I, Shaw Rl Comparison of polymerase chain 
macron of two mycobucwrul DNA sequences. IS6110 and the 65 kDa antigen gene. 
in the diagnosis of tuberculosis Thorax 1992: 47 : 690.4. 

il. Said RK, Bugawan IL, Horn Gr.. Mullis KB, I:rhllch IIA. Analysis of cnzynmtiudly 
umpóficrl 3-globm and 111-A-DQ alpha IJN-\ with allele-speca0c oligonucleoutle 
probes. Nature 1986. 32-I : I63ó. 

13. Lo Y\i, Nichol iVZ. Fleming KA. False_posiltvc rmnlis and the pnlyn'crasc emir, 
reaction Lancet 1988; ti : 679. 

16. Shankaf P. Rlmrjun:nh N. Nloh:n KK, Prasad K, Behar/ M. Shriniwas. et ai. Rapid 
diagnosis of tuberculosis meningitis by polymers/to chain reaction. Lancet 1991; 337 

17. Eisenach Kil, Cane RID, Bares 11I, Crawford 11'. Polymetase chain reaction 
mrplilmatto,, of 'a relict/use DNA sequence specific for Mycnbacter'nun tuberculosis 
I lutta Dis 1990: 2162437-4. 

363 


