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Summary

The study was carried out to evaluate the efficacy of two different primers in
PCR based diagnosis of tuberculosis on the basis of the time involvement,
steps of PCR, cost and accuracy of results. Among 17 clinically suspected
pulmonary tuberculosis patient's (M:F 65:35) sputum samples, 12were found
positive by both primers. Among 81 routine samples (sputum=12; blood=27;
cerebrospinal fluid=16; ascitic fluid=12 and urine=14), 12 were found to be
positive by IS6110 primer while 13 were found positive by MPB64. The result
of M. tuberculosis DNA PCR in sputum, ascitic fluid, CSF and urine samples
were found to be similar in both the primers used. It is suggested that, M.
tuberculosis DNA PCR in blood samples using MPn64 primers sometime gives
false positive result and therefore, may not be recommended for blood samples.
As in other samples both the primers gave almost the same result and therefore,
both the primers can be used for MTB DNA PCR vice versa in order to cross
check if one gives dubious result.

Introduction

Approximately 1.7 billion people, or one-
third of the world's population, are infected
with Mycobacterium tuberculosisI.
Percentages of deaths is of major importance
in the control of tuberculosis. Conventional

diagnosis of tuberculosis among population
of all ages in Bangladesh in 1996 were
2.64%2.Early detection is time consuming,
because culturing of Mycobacterium
tuberculosis can take 4-8 weeks. Direct

staining & microscopy of clinical specimens
has a low sensitivity and specificity and can

provide only a preliminary diagnosis of TB.
Various investigators have described the
rapid detection of M. tuberculosis by PCR,
and most have reported a high degree of
sensitivity in detecting M. tuberculosis in
clinical samples3.PCR uses oligonucleotide
primers to direct the amplification of target
nucleic acid sequences via repeated rounds
of denaturation, primer annealing and primer
extension4.

The choice of target gene is an important
determinant of sensitivity and specificity.
Gene target sequences that have been
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employed have been both mycobacteria
genus specific & species specific, sometimes
within the same gene. Some of the targets
include the genes for IS611 0,38 kDa antigen
(PhoS, CIE Ag78 or Pab), MPB64 (23 kDa),
MPB70(l8 kDa), 23S rRNAand 16S rRNN.

Among these various conserved regions the

most commonly used regions for identifying
mycobacterial DNA include (i) amplification
of the repetitive insertion sequence IS611 06,

(ii) amplification of the genes encoding
mycobacterial antigens such as the 23 kDa
protein, MPB64 protein7, and (iii)

amplification of the ribosomal RNN. The
insertion sequence IS611 0 is present in 1-19
copies on the genome and is located in

different sites for various strains9. The high
copy number of IS611 0 resulted in increased

sensitivity. Therefore, it is an excellent target

for detection by DNA amplification. The
host range of this transposable element is
limited to species of the M.tuberculosis

group of bacteria: M. tuberculosis, M.bovis,

M.africanum, M.microti and M. bovis BCGIO.

MPB64 is a major secreted protein specific
to M. tuberculosis complex having a
molecular weight of about 23,000. The
protein was initially isolated from culture
fluid preparations from M. bovis BCG Tokyo
and designated as MPB6411.In one study,
MPB64 primer was used to detect M.
tuberculosis in clinical samples other than
sputum and found highly specific for the M.
tuberculosis complexl2. It required a single
step PCR for the amplificationof groEL gene
encoding MPB64 protein instead of nested
PCR which was done for IS6110 sequence
in extrapulmonary cases. Therefore, this
study was carried out to compare the
efficiency of these two primers and
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consequently, to examine the feasibility of
applying single step PCR technique to the
routine diagnosis of mycobacterium

tuberculosis in on various clinical specimens.

Materials and Methods

Study subjects

The study comprised of 98 patients, of whom
17 individuals were clinically suspected for
pulmonary tuberculosis. They were recruited
from the Tuberculosis Control and Training
Centre, Chankharpul, Dhaka. Clinical

suspicion was based on signs and sym~toms
with or without evidence in chest x-ray and
sputum smear for AFB. A single early
morning sputum sample was collected in
clear, sterile, disposable plastic container
from each patient and immediately
transported to the laboratory. Rest of the 81
various samples (Sputum= 12; Blood=27;
CSF=16; Ascitic fIuid=12 and Urine=14)
were recruited as referred by the specialized
physicians to the department of Immunology,
BIRDEM Hospital for diagnosis of
tuberculosis by PCR. The sputum samples
were collected from patients suspected for
pulmonary tuberculosis, CSF from the
patients with CNS symptoms, ascitic fluid
from the patients having gastrointestinal
involvement and urine from the patients
with hematuria. The subjects were included
only after they had given full consent to
participate in the study. The Ethical Review
Committee of BIRDEM approved the
protocol.

Positive strain

HR37Rv positive strain was obtained from

the Deptt. of Microbiology, BSSMU, Dhaka,
Bangladesh. Moreover, MycobacteriulIl
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tuberculosis positive culture was also used
as positive control.

Sample processing

Sputum: Sputum samples were pretreated
with 1-10 volumes of 0.5 M NaOH/O.05 M

sodium citrate/O.5% N-acetyl-L-cysteine and

0.067M Phosphate buffer, pH 6.8 and then
concentratedby centrifugation.13The pellet
was used for DNA extraction.

Blood: Three-milliliter blood was collected

in a sterile tube containing 5 mg of EDTA
and mixed well. The blood was then mixed

with equal volume of phosphate buffered
saline (PBS), pH 6.8 and the content was then
slowly added to the Iymphoprep (Sigma, St.
Louise, USA) in a I: I ratio. After
centrifugation at 1800 rpm for 20 minute at
20°C,the interfacebuffycoatwas isolatedand
again centrifuged at 13,000rpm for 5 minutes
at 4°C. The resulting pellet was then
preserved until DNA extraction.

Other body fluids: Urine, ascitic fltiid and
cerebrospinal fluid (CSF) were concentrated
by centrifugation at 13,000 rpm at 4°C for 5
minutes. The pellet is then dissolved in I ml
of PBS and then centrifuged at 13,000 rpm
for 5 minutes at 4°C. The resulting pellet is
then used for DNA extraction.

DNA extraction

Mycobacterial DNA was extracted using a
commercial reagent 1nstaGeneMatrix (Bio-
Rad, USA). A 200 IJ.Iof this reagent was
added onto the pellet in the 1.5 ml
microcentrifugetube.The content of the tube
was mixed by vortex at high speed for 10
seconds and incubated at 56°C for 30

minutes. The tube was placed in a 100°C
boiling waterbath for 10 minutes after
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vortexing at high speed for 10 seconds. The

content was again mixed by a vortex mixer
at high speed for 10 seconds and centrifuged
at 10,000-12,000 rpm for 2-3 minutes. The

supernatant contained the DNA and was used

for amplification by PCR.

Amplification of M. tuberculosis DNA using

IS6110 primer
First round ofPCR was done on all extracted

DNA samples except that offrom the sputum

sample. First PCR was carried out using the
terminal repeat sequence of 5'
TGAACCGCCCCGGCATGTCCGGAGACf

3' as primer. The PCR master mixture
contained 2.51J.Iof lOX PCR buffer (50 mM

KCI; IOmMTris-HCI-pH9.0; 1.5 mMMgCl1
and 0.1 % Triton X-I 00) (Promega, Medison,
USA), 2.5 mM of each dNTP's (GIBCO
BRL, Maryland, USA), 10 pmol of each
primer, I unit of Taq DNA polymerase
(Pro mega, Madison, USA) and 10111of
template DNA. After initial denaturation at
94°C for 5 minutes the reaction mixtute was

subjected to run for 30 cycles of denaturation

at 94°C for I minutes, primer annealing at
60°C for 50 seconds and primer extension at

72°C for I minute. The amplified product
from first amplification and DNA extracted
from sputum samples were then used for

second round of PCR using primers specific
to the target gene of insertion sequence
1S61 10.14The sequences of the primers which

amplify a 123 bp were: PI 156110 (5/CCT
GCG AGC GTA GGC GTC GG 3/) and P2
1S6110(5/CTC GTC CAG CGC CGC TIC
GG3').

The PCR mixture contained lOXPCR buffer

(50 mM KCI; 10 mM Tris-HCI-pH9.0; 1.5
mM MgCI2 and 0.1 % Triton X-IOO)
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(Promega, Medison, USA), 2.5 mM of each
dNTP's (GIBCO BRL, Maryland, USA), 10
pmol of each primer and I unit Taq DNA
polymerase (Promega, Madison, USA). The

reaction was carried out in Geneamp 9700
(Perkin Elmer, USA) genecycler. After initial
denaturation at 94°C for 5 minutes, the

samples were subjected to proceed 35 cycles
of denaturation (94°C for 1 min), primer
annealing (67°C for 50 seconds) and primer
extension (72°C for 50 seconds) followed by
final extension at 72°C for 7 minutes. Fifteen

microlitres of the amplified product were
analyzed by 2.?% agarose gel (Sigma,
Missou"ri, USA) electrophoresis stained with
ethidium bromide and M. tuberculosis

complex IS6JJO specific DNA band
corresponding to 123 bp was detected by Gel
Doc 1000 Transilluminator (Bio-Rad, USA).

Amplification of M. tuberculosis DNA using

MPB64 primer
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comprised three steps:denaturation (94°Cfor
1minute); annealing (55°Cfor 1minute) and
extension (72°C for I minute). The final
extension step was for 7 minutes at 72°C.The
amplified product was electrophoresed into
2% agarose gels stained with ethidium
bromide and visualized in an ultraviolet

transilluminator (Bio:Rad, USA). The
presence of a 240 bp fragment indicated a
positive PCR test.

Statistical analysis
Data were expressed in frequencies or
percentagesusing SPSS program (SPSS, Inc.,
Chicago, IL). The efficiency of these two
primers wereanalyzed by chi-square (X2)test.

Results

Among 17 cases of clinically suspected
pulmonary tuberculosis (Table-I),presenting
fever, abnormal chest X-ray, high ESR and
sputum positive for AFB, II (64.70%) were
male. They were all newly diagnosed for
Tuberculosis and did not get any therapeutic
treatment during sampling. Mean duration of
disease before the patients reported to the
clinic for treatment was 120:!:20 days.

The sequences of the primers used for the
amplification of Mycobacterium tuberculosis
complex specific gene MPB64 were-primer
1 (460-479) 5'-TCCGCTGCCAGTCGT-
CTTCC-3' and primer 2 (700-681) 5'-
GTCCTCGCGAGTCTAGGCCA-3'. The

amplification reaction was performed in 25
III volume in a reaction mixture consisting
of 2.5111of 10 X PCR buffer (50 mM KCI;

10 mM Tris-HCI-pH9.0; 1.5mM MgCI2and
0.1 % Triton X-IOO) (Promega, Medison,
USA), 2.5 mM of each dNTP's (GIBCO
BRL, Maryland, USA), 10 pmol of each
primer and I unit Taq DNA polymerase PCR was also carried out by both primers in
(Promega, Madison, USA) 10IIIof extracted different clinical samples suspected for
DNA from sample. After initial denaturation tuberculosis.Among the 12sputum samples,
at 94°C for 5 minutes, amplification was 2 (16.66%) were found positive using IS6110
carried out for 40 cycles. Each cycle whereas I (8.33%) found positive in MPB640
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Mycobacterium tuberculosis complex

specific (lS6110) DNA was detected in
70.6% (12/17) sputum samples by PCR. PCR
using MPB64 primer also detected 12 sputum
samples positive for MTB DNA. Therefore,
both primers were found to have similar

efficiency in detecting MTB DNA in sputum
samples (Table-I).
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PCR was positive in 5(18.5%) blood samples
among 27 by 156110whereas PCR by using
MPB64, 9(33.3%) samples showed positive
results. Among 16 C5F samples, 2(12.5%)

were found positive in 156110 and 1(6.3%)
in MPB64. One (8.3%) ascitic fluid sample
was found positive in both 156110 and

MPB64. Among 14 urine samples, 2( 14.3%)
were found positive in 156110 whereas in
MPB64, 1(7.1 %) showed positive (Table-II).
According to the p value (>0.1), there was
no significant variation between these two

primers used in different clinical samples.

Table-I: Comparison of PCR efficiency in sputum
samples clinically diagnosed 'as pulmonary
tuberculosis

Primer used PCR results

No. of Positive No. of Negative
Samples (nlN) Samples (nlN)

IS6110
MPB64

12/17 (70.6)
12/17 (70.6)

5/17 (29.4)
5/17 (29.4)

n= No. of positive or negative samples.
N= No. of total samples.
Percentages are within parenthesis.
p=>O.l

Table-II: Comparison of PCR primer efficiency
in different clinical samples from clinically sus-
pected patients

ClinicalSpecimen PCRresults
MPB64

Positive Negative
(nIN) (n/N) .

1112(8.33)11/12
9127(33.3)18/27
1116(6.3) 15/16
1/12(8.3) 11/12
1114(7.1) 13/14

IS6110
Positive Negative
(~N) (n/N)

Sputum 2/12(16.66) 10/12
Blood 5/27(18.5) 22/27
CSF 2/16(12.5) 14/16
AsciticFluid1112(8.3) 11/12
Urine 2/14(14.3) 12/14

n= No. of positive or negative samples.
N= No. of total samples.
Percentages are within parenthesis.
p=>O.1
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Fig.I: Agarose gel analysis ofpolymerase clwin
reaction amplification products.

Lane 1- Amplified product of patient's blood sample

using IS6110 primer.
Lane 2- Amplified product of patient's sputum sample
using IS6110 primer.
Lane 3- Molecular weight (MW) markers: DNA sizes
are given in base pairs.
Lane 4- Amplified product of patient's blood sample
using MPB-64 primer.
Lane 5- Amplified product of patient's sputum sample
using MPB-64 primer.

Discussion

Polymerase chain reaction (PCR), with it's
rapidity and higher sensitivity facilitates the
early and accurate identification of the
causativeorganismof tuberculosis(i.e. M.
tubercuLosis) and thus very helpful for
treatment, prevention and control of this
chronic infectiousdisease. PCR, as molecular
diagnostic, had been using for many years
for the detection of Mycobacterial DNA.
:fIowever, PCR of mycobacterium DNA
extracted from various biological samples
with one type of primer sometime may cause
ambiguity in the detection ofMTB-DNA and
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therefore, should be checked with other

primers specific for mycobacterium
tuberculosis complex. Primer specific for the
most conserved region IS611 0 was used for

the diagnosis of tuberculosis by PCR in
Bangladesh. MPB64 primer specific for
groEL gene was used in other study to detect
M. tuberculosis in clinical samples other than
sputum and found highly specific for the M.

tuberculosis complex 12. MPB64 primer
required a single step PCR for the
amplification. Therefore, this study was
carried out to determine whether single step

PCR technique could be used to the routine
diagnosis of mycobacterium tuberculosis on
various clinical specimens by comparing the
efficiency of these two primers.

In the present study, among 17 clinically

diagnosed sputum samples obtained from TB
hospital, 12 were found positive for MTB

specific DNA by PCR using the two primers
respectively. Five samples showed negative
results. Such PCR negative results might be
due to the presence of Mycobacterium
species other than M. tuberculosis complex
or the presence of PCR inhibitors in the

sputum samples. Therefore, both primers
-showed similar efficiency in detecting MTB-

DNA in sputum samples.

The number of positive results (9/27) in blood

samples using the primer MPB64 was found
to be higher than that of with IS611 0 (5/27).
MPB64 was found to be more sensitive in

detecting MTB- DNA in blood samples. This
may be due to the homology of MPB64 gene
with the genomic sequences of some

pathogen hitherto unsequencedl2. However,
PCR using the IS6110 primer in blood
samples gave a single specific band at 123
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bp position implying the positivity of the
sample. But in the same sample, MPB64
primer showed band at 240 bp position

specific for the mycobacterium tuberculosis

amplicon as well as bands at other non-
specific positions. PCR conditions were
optimized by adding magnesium chloride or
increasing the annealing temperature, but in
every case the non-specific' bands persisted.
This might indicate the presence of multiple
homologous primer binding regions to the

. genome. Therefore, due to low specificity,
PCR of MTB in blood samples by using

MPB64 primer may not ideally be
recommended.

Carry-over contamination is a major problem
inPCR based detection. However, in this

study, all necessary precautions were
maintained to avoid contamination. In each

run, water was used instead of template as

negative control and HR37 Rv strain was
used as positive control to check the validity
of the test.

PCR in urine, CSF and ascitic fluid samples
using MPB64, the sensitivity is lower than
that of the IS611O. Moreover, in different

clinical samples it showed smearing,
interfering the interpretation of results. One
ascitic fluid sample showed a non specific
band as well as smearing in both primers.

In conclusion, statistically no such significant
difference was marked between these two

primers in different clinical samples. In fact,
MPB64 was shown to be more sensitive than

primer specific for IS611 0 in detecting MTB-
DNA only in blood samples. However, it was

found to give some non-specific bands,

which might increase the possibility of
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showing falsepositive results.MPB64 primer
was also found to be less sensitive than

IS6110 primer in other biological samples
and similar results were obtained in sputum
using both primers. Therefore, although
MPB64 primer could be performed in a
single step instead of nested PCR, which was
needed in case of IS611 0 primer in
extrapulmonary cases, it should not be used
for routine diagnosis of M. tuberculosis by
PCR in different biological samples.
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