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Abstract
Aim: The purpose of this study was to evaluate the efficiency of three DNA extraction method using three real-time PCR kits for direct
detection of Mycobacterium tuberculosis in smear positive and negative sputum samples.
Background: Several Real Time PCR techniques are available for detection of Mycobacterium tuberculosis (MTB) in clinical samples.The
success of final amplification and detection of nucleic acid depends on successful extraction of DNA from clinical samples.

Materials and methods: 75 sputum samples (30 ARB+ , 30 ARB -, 15 healthy control, sputum samples ) and 3 dilution samples of H37Ra
strain (108, 102, 101) were extracted using three extraction method (QIAamp Blood and Body Fluid Spin Protocol /Method A, Tris-EDTA (TE)
boil extraction /Method B and Heliosis/ Method C). Real Time PCR tests were performed Icycler/ BioRad, TaqMa/ PE System 7700, Rotor
Gene for each sample after all specimens were processed with NaOH- NALC decontaminaton method.

Results: The positive detection rate of I cycler system in smear positive sputum samples was 100 % for all extraction method. According
to extraction method A,B and C; the positive detection rate of TaqMan 5700 and 7700 system in specimen Group 1 was 100%,87% ,90%
and 100%,90% 100%, respectively. The positive detection rate of Icycler, TaqMan 5700 and 7700 for the extraction method A; B and C was
40 %,10% , 30% ; 30 %, 10% , 30% and 40 %,30% , 10%, respectively. For specimen Group 3, all positive detection resuts were negative of
each extraction method by using three three real time PCR system. All PCR system results were positive for dilution 108 and 103 with each
ectraction method. For 101dilution, Icycler and TaqMan 7700 system was negative for methot B
Conclusion: We concluded that all DNA extraction method can be used in RT-PCR to detect Mycobacterium tuberculosis from smear
positive clinical samples. For smear negative sputum samples, Qiagen Body Fluids protocol and Heliosis method was found more sensitive
than boiling method. There was no significant difference between the three -RT- PCR system in terms of diagnostic ability.
Keywords: DNA extraction; Real-time PCR; Tuberculosis

Introduction
Pulmonary tuberculosis is a a highly contagious bacterial
infection and major public health problem all over the world.
The definitive diagnosis of Mycobacterium tuberculosis based
on microbiology laboratory tests that are sensitive, specific,
reproducible, and robust because of strong diagnosis evidence
1,2. Microscopic examination with either Ziehl-Neelsen (ZN)- or
fluorochrome-stained smears is insensitive, detecting acid-fast
bacilli only when there are 104 mycobacteria per ml.
Culture on solid medium is labor-intensive and too slow for
clinical usefulness, taking a minimum of 2 weeks and often longer
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for microscopy-negative samples. Radiometric liquid (BACTEC)
and biphasic (MB Chek) culture systems have improved both the
recovery rates and the speed of isolation, but these systems still
cannot influence initial bedside decision making 3-5. Nucleic
acid amplification tests (NAATs) have a number of recognized
advantages over other diagnostic assays, which include rapid
and spesific diagnosis, compared to culture-based methods. A
number of commercial NAAT systems and assays developed “inhouse” are currently in use for the detection of Mycobacterium
tuberculosis and their use has seen many of the anticipated
benefits of NAATs 6-8.
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However, with increasing use of commercial and “in-house”
NAAT systems over time and in different geographical settings,
the need for both a considered approach to the application of
NAATs and for an awareness of their limitations has arisen.
These considerations include the sensitivity and specificity of the
primary NAAT screening test, and where used, supplementary
“confirmatory” tests as well as the prevalence of infection in
various population groups 4,6,9,10. Within these methods, Real
time PCR is commonly used for direct diagnosis of Mycobacterium
tuberculosis from clinical specimens and to determine drug
resistance. The presence of M. tuberculosis can be detected
rapidly by measuring fluorescance signal simultaneously with
amplification by means of this system 10,11. The sensitivity of
the system varies according to DNA extraction from the sample
and target specific primers and probes and commercial systems,
employed for this are still at investigational stage. In these
systems, whose control and amplification compounds have
been standardized, there is no standardized method for DNA
extraction. Therefore, various manual extraction methods and
commercial kits are used 12.

during routine diagnosis. The remainder of aliquot was directly
processed for RT-PCR or kept a-20 °C until used.

Materials and Methods

The mixture was carefully applied to the QIAamp spin column
(in a 2 ml collection tube) without wetting the rim, cap was
closed ,and centrifuged at 6000 xg ( 8000 rpm) for 1 min. After
centrifuging , the QIAamp spin column was placed in a clean 2
ml collection tube (provided) and the tube containing the filtrate
was discarded. The QIAamp spin colum was carefully opened
and 500 l Buffer was added AW1 without wetting the rim. The
cap was closed and centrifuged at 6000xg (8000 rpm) for 1 min.
Place the QIAamp spin column in a clean 2 ml collection tube
(provided),and discard the collection tube containing the filtrate.
The QIAamp spin column was carefully opened and added 500
l Buffer AW2 without wetting the rim. The cap was closed and
centrifuged at full speed (20,000x g; 14 000 rpm) for 3 min. After
centrifuged , the QIAamp spin column was placed in a new 2 ml
collection tube and discarded the collection tube with the filtrate
and it was centrifuged at full speed for 1 min. The QIAamp spin
column was placed in a clean 1.5 ml microcentrifuge tube and
discarded the collection tube containing the filtrate. The QIA
amp spin column was openedcarefully and added 200 μl Buffer
AE or distilled water. After It was incubated at room temperature
for 1 min, centrifuged at 6000Xg (8000 xrpm)for 1min and kept
at – 20 ° C until used [15].

The aim of this study was to evaluate three extraction
methods of M. tuberculosis DNA from processed sputum:
QIAamp Spin Column Kit (QIAGEN, Hilden, Germany), Tris-EDTA
(TE) boil extraction 13 and Heliosis method (Metis, Inc,Turkey).
The effectiveness of each extraction method was assessed using
Icycler (BIO-RAD) , TaqMan 5700 and 7700 (Applied Biosystems)
Real Time PCR systems.

Specimen groups
The performance of the three Real Time PCR (RT-PCR)
system was evaluated using 30 ARB (+) and 10 ARB(-) patients
diagnosed with active tuberculosis through clinical findings,
radiology and laboratory investigations,and 10 healty controls
and 3 dilution samples containing 108, 102 and 101 dilutions
of H37Ra strain (overall 53 samples) were evaluated. Before the
study, all clinical sample were verified with microscopy, culture
and routine nucleic acid amplification test systems.

Specimen preparation

All sputum samples were decontaminated by treatment
with an equal volume %3 NaOH trisodium citrate N-acetylL-cysteine (NALC) for 15 min at room temperature and were
neutralized with sterile 0.067M phosphate buffer (pH: 6.8).
After centrifugation at 3,000 Xg for 15 min, each pellet was
resuspended in 1.0 ml sterile 0.067 M phosphate buffer (pH: 6.8)
[14]. Three dilution sample was diluted 2.0 ml sterile 0.067 M
phosphate buffer (pH: 6.8). 600 µl aliquot of the suspension was
inoculated onto Löwenstein-Jensen (LJ) culture media and used
for acid fast staining. Slopes was incubated at 37 OC. Slopes were
inspected weekly for up to 8 weeks. Fixed smears were stained
Erlich- Ziehl- Neelsen (EZN) staining [2]. All sputum samples
were evaluated using Cobas Amplicor MTB and Gen Probe MTD
002

Dilution samples

A loopful bacteria were transferred to glass bead
tubes containing 3 ml 0.9 % NaCl from 6 weeks culture of
M.tuberculosis H37Ra strain. With 15 min vortex, bacteria
was seperated as much as possible suspension prepared were
adjusted according to Mac Farland 1 and 3X108 mycobacteria
were yielded in 1 ml. Suspension was measured at 625 nm in
spectrophotometre and adjusted so as to have a absorbance of
0.177. 1 ml of this suspension was mixed with 2 ml.0.9 % NaC
and 1 ml suspension and 108 mycobacteria were obtained. From
this main suspension, 108, 104 and 101 dilutions were obtained
by serial dilutions. They were kept at –20 °C until used.

DNA extraction methods

QIAamp blood and body fluid spin column protocol : In this
method ,samples were extracted according to Blood and Body
Spin protocol of QIAamp, DNA Mini Kit. (QIAGEN,Hilden, Germany
). Briefly, 200 μl sample was transferred to clean microcentrifuge
tube and 200 μl Buffer AL was added to sample. After it was
mixed by pulse –vortexing for 15 sn, was incubated 56 ° C for
10 min. Briefly centrifuged the 1.5 ml in microcentrifuge tube
to remove drops from the inside of the lid and 200 µl ethanol
(96-100%) was added to the sample, and mixed again by pulse
–vortexing for 15 s. After mixing , it was centrifuged in 1.5 ml
microcentrifuge tube to remove drops from the inside of the lid.

Boiling methods

500 μl specimen was centrifuged and the pellet was washed
twice with 500 µl of the TE buffer (10 mM Tris, 1 mM EDTA,
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pH: 8.0) and then resuspended with 200 μl of same buffer .The
samples were than incubated in a boiling water bath for 20
min ,centrifuged ,and the supernatants containing DNA were
transferred to clean microcentrifuge tubes and kept at – 20 ° C
until used. All centrifugation steps were performed at 14,000X g
in plastic microcentrifuge tubes [13].

Heliosis methods

This method was performed according to the manufacturer’s
instructions supplied by the manufacturer ( Metis, Inc.,Turkey
). 500 μl DNA Lysis Binding solution was added to 100 µl
sample. After vortexed, mixture was incubated 65 °C for 10 min
and was kept at + 4 °C for 2 min. It was spin centrifuged, 500
μl DNA precipitation solution was added to it. Vortexed.It was
centrifuged at 13.000Xg for 15 min.Supernatant was removed.
500 μl DNA Washing Solution was added and vortexed an
centrifuged for 5 min at 13.000Xg. Supernatant was completely
removed with pipette and dried at room temperature for 10 min.
20 ml DNA sample diluter solution was added, vortexed and spin
centrifuged. DNA sample was kept at –20 ° C until study day[16].

Taq Man RT-PCR protocol

DNA in each sample was extracted separately by four methods
according to extraction protocoles defined above. Amplification
step was carried at in accordance with the recommendation of
manufacturer (Applied Biosystems, Inc., USA) .In amplifictation
procedure, by using TBCP1 (5’GATCTCGTCCAGCGCCGCTTCG-3’)
ve
TCBP2
ACCGACGCCTA CGCTCGCAGG-3’) primers, 163 bp

there is a significant increase in fluorescence, and this value is
associated with an exponential growth of PCR product during
the log-linear phase. Test results were expressed according to
Ct values computed comparativelywith positive and negative
controls in amplificaiton graphics [17].

BIORAD RT-PCR protocol

In this system, Flurion- Mtbc QLS 1.0 M.tuberculosis
detection kit was used.In amplificationprocedure, 163 bp
fragment of IS6110 gene location on m.tuberculosis genome was
amplified. Amplificaiton stage was carried out by BioRAD Icycler
system. At this stage, after initial denaturation at 95 OC for 1min,
overall 50 cycles were made 30 s at 95 μC, 30 s at 60 0C, 1 min at
72 μC , 30 s at 85 μC. Afterwards, it was kept waiting for 1 min 60
°C. PCR product amplificaition was visualised during reaction by
fluoroescent SYBR- Green stain. In order to false positive result,
melt curve stage was initiated after amplification. At this stage,
overall 74 cycles were made 15 s at 60- 950C and pirmer –dimer
sepration was visualised during procedure [18] (Table 1).
Table 1: Classification of specimens.
Group

Type of
Specimen

Status

Sputum(n:10)

Sputum(n:30)

TB infection , smear and culture
positive

2

Sputum(n:10)

(5’-

fragment of IS6IIO gene location on M.tuberculosis genome
was amplified. Amplified product was detected by using
specific fluorescent probes (FAM-GCTACCCAC AGCCGGTTA
GGTGCTGGTG-TAMRA) For each sample, 5 µl of template DNA
was incorporated into 45 μl PCR containing the amplification
Tuberculosis Real Time PCR mix. All amplification stage was
carried out ABI PRSIM 7700 SDS system .The optimized TaqMan
RT-PCR protocol included initial step at 50 °C 2 min, 95 °C 10
min and was followed by a touchdown PCR protocol using
the following conditions: 95 °C for 15 s, 61.5 °C for 1 min for
40 cylcles . The threshold cycle (Ct) value is the cycle at which

3

Sputum(n:10)

4

Dilution (n:3)

Results

TB infection, smear negative and
culture positive, clinically active
(positive tuberculin skin test;
history of TB; clinical,histological,
or radiological signs of active
disease; improvement under
treatment with antitubercular
chemotherapy)
Exclusion of TB ; smear and
culture negative ; definitive
other diagnosis obtained
by bacteriological culture,
histologically ,or on basis of
clinical presentation.

108,102 and 101dilution samples
of H37 Ra were prepared
according to Mac Farland 1
standard.

Table 2: Conventional and molecular test results of smear positive/negative sputum and dilution samples.
Number of positivity (%)

Group of
specimen

1
2
003

The type
of specimen

Sputum(n:30)
Sputum(n:10)

Conventional Methods
Clinic

30 (100)
10 (100)

Culture (LJ)

Microscopy
A-R

EZN

30 (100)

30 (100)

-

Molecular Methods

-

1

30 (100)

(10)

Cobas Amplicor
MTB

Gen Probe MTD

30 (100)

27 (90)

-

1

(10)
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3

4

Sputum(n:10)

-

-

-

-

-

-

Dilution 108

None

+

+

+

+

+

Dilutiun 102

None

+

-

+

+

+

Dilution 101

None

+

-

-

+

+

In the present study, clinical samples were evaluated with
routine clinical,conventional methods ( microscopy, culture)
and NAA methods (COBAS Amplicor MTB and Gen Probe MTD)
before being evaluated with RT-PCR. The results of the study
are illustrated in Table 2. All smear positive sputum samples
were positive with microscopy, culture and Cobas Amplicor
MTB molecular screening test. Three negative result was shown
in smear positive sputum samples with Gen Probe MTD test.
Microscopy positivity grade of these samples were +1 (Table
2). Of 10 smear negative sputum samples; microscopy (A-R
and EZN) and Cobas Amplicor MTB test results were negative.
Within the these samples, culture and Gen-Probe MTD test
results were positive for one samples. Clinicical,radiological and
histological findings of all smear negative samples were positive
for TB (Table 2).

No positive or false positive result was observed in the control
group (Group 3) or each sample, DNA extraction was performed
by using Qiagen Body Fluids protocol (Method A), boiling
(Method B) and Heliosis (Method C) extraction protocol. After
DNA extraction, all samples were evaluated separately in İcycler
(BIO-RAD Taqman (PE Biosystem) 5700 and 7700 systems. The
positive detection rate of I cycler system. in specimen Group 1
was 100 % for all extraction method. According to extraction
method A,B and C; the positive detection rate of TaqMan 5700
and 7700 system in specimen Group 1 was 100%,87% ,90% and
100%,90% 100%, respectively. The positive detection rate of
Icycler, TaqMan 5700 and 7700 for the extraction method A; B
and C was 40 %,10%, 30% ; 30 %, 10%, 30% and 40 %, 30%,
10%, respectively. For specimen Group 3, all positive detection
resuts were negative of each extraction method by using three
three real time PCR system. All PCR system results were positive
for dilution 108 and 103 with each ectraction method. For
101dilution, Icycler and TaqMan 7700 system was negative for
method B.

Discussion

Real time PCR is a commonly used molecular method to
determined M.tuberculosis from clinical samples. This system
is a commercially available system designed to decrease the
time of the PCR by monitoring the amplification of the target
sequences in real time by fluorescent probes [11]. The presence
of M.tuberculosis can be detected rapidly by measuring
004

fluorescance signal simultaneously with amplification by means
of this system. The sensitivity of the system varies according
to DNA extraction from the sample and target specific primers
and probes and commercial systems, employed for this are still
at investigational stage [7,11,12,19]. In these systems, whose
control and amplification compounds have been standardised,
there is no standardised method for DNA extraction. Therefore,
various manual extraction methods and commercial kits are
used. To increase the sensitivity of the system it is crucial to use
the best method for extraction and purification af nucleic acids
from clinical samples [16].
In this study, it was aimed to determine the most appropriate
extraction methods in different RT-PCR studies from especially
positive clinical samples. Each sample of DNA was extracted with
Qiagen Body Fluids protocol, Boiling and Heliosis methods. After
extraction procedure, all samples were evaluated separately in
Taqman (PE Biosystem) 5700 / 7700 and Icycler (BIO-RAD)
systems. When the sensitivity of the system was evaluated in all
extraction methods, Mycobacterium DNA was detected at the
rate of 90- 100 % in Icycler and TaqMan 7700 systems whereas
this rate was 87- 100 % in TaqMan 5700 system for smear
positive sputum samples. The lowest sensitivity was observed in
the boiling method (Table 3).

Studies of clinical specimens conducted so far have differed
in the type of PCR method used and also in the number and
type of samples. A meta-analysis of papers on M. tuberculosis
PCR has shown a sensitivity of <50% when PCR is performed
on smear-negative pulmonary specimens, correlating with a
smaller number of tubercle bacilli [7,12,20-23]. In this study,
the sensitivity rates of Icycler, Taqman 5700 and 7700 system
according to DNA extraction method A,B and C for smear
negative sputum samples were; 10%,10%,30%; 30%,10%,30%
and 40%,30%;10 % respectively. The positivity rate was very
low for each system. The highest positivity was taken in Taqman
7700 system for Qiagen Body Fluids protocol (40%) (Table
3). Our results were similar to the others studies in smear
negative samples. In all systems, false positive results were not
recorded in smear negative sputum samples. Different results
in all systems in the same extraction protocol did not suggest
cross contamination. It was concluded that in order to obtain
definitive data in the samples evaluation should be made with
more samples.
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Table 3: Study results of three RT-PCR systems according to DNA extraction methods.
Number of positivity (%)

Number of positivity (%)

Real Time PCR System
Extraction Method

A
1(n:30)

Group of specimen

Icycler

TaqMan

TaqMan

( Bio-Rad)

(PE System) 5700

(PE System) 7700

B

C

A

B

C

A

B

30

30

30

30

26

27

30

30

(100)

(100)

(100)

(100)

(87)

(90)

(100)

(90)

(100)

(40)

(10)

(30)

(30)

(10)

(30)

(40)

(30)

(10)

Dilution
(108)

+

+

+

+

+

+

+

+

+

Dilution
(101)

+

-

+

+

+

+

+

-

+

2(n:10)
3(n:10)

Dilution
(103)

4
-

+

1
-

+

3
-

+

3
-

+

*A: Qiagen Body Fluids protocol, B: Boiling,C: Heliosis ( Metis)

In the present study, three DNA extraction method was
effective in smear positive sample. Qiagen Body Fluids protocol
and Heliosis method was found more effective than boiling
method. Three DNA extraction methods are fairly easy to
perform, but the hands-on time is slightly different from one to
another. Boiling methods has the shortest time of completion
and the cheapest method. By making 10-fold serial dilutions of
the DNA before amplification, the end points of detection was
101 dilution for DNA extraction method A and C in the three RTPCR system.This result were negative for method B in the Icycler
and TaqMan 7700 RT-PCR system.However, further testing using
different sputum samples is necessary to confirm whether this
observation is consistent regardless of variations in sputum
matrices.

We concluded that all DNA extraction method can be used
in RT-PCR to detect Mycobacterium tuberculosis from smear
positive clinical samples. For smear negative sputum samples,
Qiagen Body Fluids protocol and Heliosis method was found
more sensitive than boiling method. There was no significant
difference between the three -RT- PCR system in terms of
diagnostic ability.
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