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 .Introduction

Despite global efforts to control tuberculosis, it remains a major 
threat to public health. Most cases of tuberculosis occur in 
developing countries, especially those in southern and eastern 

Asia (1-4). In China, tuberculosis causes 205,000 deaths per year,  
making China second only to India in terms of tuberculosis 
mortality (5-8). 

The most widely used routine methods for establishing a 
diagnosis of tuberculosis are direct smear for acid-fast bacilli 
and culture for Mycobacterium tuberculosis (MTB). The former 
method has the disadvantage of low sensitivity and the latter 
method has to be incubated for more than one month before a 
final diagnosis can be made.

One new approach for the rapid, safe and reproducible 
identification of MTB infection is PCR. The PCR method is 
attractive because of the possibility of directly detecting MTB 
in clinical specimens, including sputum and peripheral blood 
leukocytes (9-11). In this study, PCR method was used for 
the quantification of MTB DNA in plasma/serum samples. 
Previous research found that nonquantitative PCR of peripheral 
blood leukocytes was of little value for the specific diagnosis of 
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pulmonary tuberculosis (12). Therefore, we used quantitative 
fluorescent PCR for the detection of MTB. Another important 
issue is the challenge for the earlier diagnosis of tuberculosis 
is the DNA extraction of MTB. In this study, four MTB 
DNA extraction methods were compared, including phenol-
chloroform method, Qiagen kit, Omega kit and magnetic bead 
method. The best DNA extraction method was chosen for the 
quantitation of PCR method.

 .Materials and methods

Sample collection

A total of 43 serum samples from 30 clinically diagnosed 
pulmonary tuberculosis patients and 94 plasma samples from 
94 clinically diagnosed pulmonary tuberculosis patients were 
included in this study (Table 1). Serum samples before and 
after anti-tuberculosis chemotherapy were collected in 10 cases, 
while in other cases, only serum or plasma samples before 
chemotherapy were collected.

These samples were collected from Wuxi Hospital for Infectious 
Diseases in China from 2005 to 2010. Fifty plasma samples and 
50 serum samples from pneumonia patients, 50 plasma samples 
and 50 serum samples from healthy volunteers were collected 
simultaneously (Table 1). These samples were stored at –70 ℃.

MTB DNA and plasmid DNA preparation

MTB DNA was extracted by the phenol-chloroform method. 
We designed two complementary oligonucleotides: MA (5'-AC
GGGAGCGGTTGGTGGTGGAAATCGTGCGTGACATT
AAGA-3') and MB (5'-CTTAATGTCACGCACGATTTCCA
CCACCAACCGCTCCCGTA-3') using the Primer Express 
2.0 software, which did not hybridize to any sequences in the 
human genome. The two complementary oligonucleotides 
were synthesized, then boiled for 5 min and cooled at room 
temperature. They were then confirmed by polyacrylamide 
gel electrophoresis. The synthesized DNA was recombined 

with PMD 18-T vector plasmid (Omega, American). Then, 
the plasmid was linearized with restriction enzyme HincII and 
purified through a QIAquick column (Qiagen, Germany).

Preparation of standard solutions of MTB DNA and plasmid DNA

MTB DNA and plasmid DNA was quantif ied using the 
GeneQuant II DNA calculator (Pharmacia). Ten-fold serial 
dilutions of the MTB DNA and plasmid DNA were prepared in 
10 mmol/L Tris-HCl, pH 8.5, containing 10-104 copies of MTB 
DNA or plasmid DNA per microliter.

Four MTB DNA extraction methods

Blood from four healthy donors was collected in tubes containing 
EDTA. Plasma was pooled and stored at –80 ℃. The linearized 
plasmid was used as a marker DNA. MTB DNA and plasmid 
DNA were added to plasma to obtain final concentrations of MTB 
DNA (6×102 copies/μL) and plasmid DNA (2×102 copies/μL). 
Then, four different DNA extraction methods were compared 
(Figure 1), including the phenol-chloroform method, the QIAamp 
DNA Mini Kit (Qiagen, German), the Omega DNA extraction kit 
(Omega, United States) and the magnetic bead kit (PerkinElmer, 
United States); the first DNA extraction method was performed 
according to the Molecular Cloning: A Laboratory Manual (Fourth 
Edition), the following three methods were performed according 
to the manufacturer’s instructions. Each test was performed with 
10 replicates. After the final DNA extraction step, the DNA was 
dissolved in 40 μL of TE buffer. Once the most effective method 
had been selected, DNA was extracted from all of the clinical 
samples using this method.

Primers and probes

The primers and probe used to identify MTB isolates were 
designed as previously reported, which targets the IS6110 
gene (13). The sequences were as follows: forward primer 
F1: 5'-GGCTGTGGGTAGCAGACC-3', reverse primer R1: 

Table 1. Baseline characteristics of tuberculosis patients and controls.

Clinical information Tuberculosis group (n=124) Pneumonia control group (n=50) Healthy control group (n=50)

Sex (male/female, n) 71/53 30/20 30/20

Age (mean ± SD, years) 39±4 38±3 36±4

Clinical diagnosis Pulmonary tuberculosis Pneumonia Healthy

Acid-fast bacilli smear (P/Na, n) 90/34 0/50 0/50

M. tuberculosis culture (P/N, n) 124/0 (100.0) NDb ND

Samples (plasma/serum) 94/43 50/50 50/50
aP/N, positive/negative; bND, no data.
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5'-CGGGTCCAGATGGCTTGC-3', and the fluorescent probe 
P1: 5'-FAM-TGTCGACCTGGGCAGGGTTCG-TAMRA-3'. 
The expected amplification product size using primers F1 and 
R1 was 163 bp.

The primers and probe used to amplif y plasmid DNA 
were designed using the Primer Express 2.0 software. The 
sequences were as follows: forward primer F2: 5'-AAAC
AGCTATGACCATGATTACGAA-3', reverse primer R2: 
5'-CTTAATGTCACGCACGATTTCC-3', and the fluorescent 
probe P2: 5'-FAM-TGTCGACCTGGGCAGGGTTCG -
ECLIPSE-3'. The expected amplification product size using 
primers F2 and R2 was 99 bp. All of the primers and probes were 
synthesized by Invitrogen. 

Real-time PCR to amplify MTB DNA and plasmid DNA

Each 50-μL reaction contained 10 μL of 5× real time PCR 
buffer, 1.5 μL of 10 mM dNTPs, 0.7 μL of 250 mM MgCl2, 2 μL 
of each forward and reverse primer, 1 μL of fluorescent probe,  
0.25 μL of Ex Taq HS (TaKaRa) and 5 μL of extracted DNA. The 
amplification conditions for tuberculosis DNA were as follows: 
95 ℃ for 5 min, followed by 40 cycles of 94 ℃ for 30 s and 60 ℃ 
for 1 min. The amplification conditions for plasmid DNA were: 

95 ℃ for 5 min, followed by 45 cycles of 94 ℃ for 30 s, 56 ℃ for 
30 s and 72 ℃ for 40 s. The DNA extraction efficiency, relative 
loss of marker DNA and DNA inhibition ratio were calculated 
according to a previously study (14).

PCR products of MTB DNA were revealed by horizontal 
electrophoresis on 2.0% agarose gel, and the PCR products 
were cloned by the TaKaRa TA cloning kit pMD-18 (TaKaRa, 
Dalian, China), transformed into E. coli DH5α and sequenced. 
The nucleotide sequences obtained were analyzed by using 
BLAST software on the National Center for Biotechnology 
website. 
 
Statistical analysis

One-way ANOVA and subsequent Dunnett’s test or Bonferroni 
post-hoc test were used for statistical analysis of the data by State 
7.0 software.

 .Results

Standard curves of MTB DNA and plasmid DNA

The regression equation for the MTB DNA amplification 

20 mL plasma from healthy people

14.88 mL plasma +90 μl MTB 
DNA (105 copies/μL) +30 μL  
plasmid DNA (105 copies/μL )

Four DNA extraction methods 
were used, three tubes were 
used for each DNA extraction, 
200 μL plasma was used for 
every experiment

Each DNA tube +2.22 μL MTB 
DNA (6×104 copies/mL) + 
2.22 μL plasmid DNA (6×104 
copies/mL)

5 μL MTB DNA (3×103 copies/μL) + 
5 μL plasmid DNA (1×103 copies/μL)

The theoretical concentration 
of MTB and plasmid DNA was 
3×103 copies/μL and  
1×103 copies/μL

The concentration of  
MTB DNA and plasmid DNA 
was 6×102 copies/μL  and 
2×102 copies/μL 

Four DNA extraction methods 
were used, 10 tubes were  
used for each DNA extraction,  
200 μL plasma was used for 
every experiment

The theoretical concentration 
of MTB and plasmid DNA was 
3×103 copies/μL and  
1×103 copies/μL

PCR PCR PCR

Extraction tube

Relative loss ratio Relative inhibition ratio
DNA extraction efficiency

Control tube System tube

Figure 1. Experimental design for comparing the four DNA extraction methods (phenol-chloroform method, Qiagen kit, Omega kit and magnetic 
bead method).
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standard curve was Ct =–3.37 logC0 +34.56, r=0.9997. Whereas, 
the regression equation for the plasmid DNA amplification 
standard cur ve was Ct =–3.55 logC0 +39.31, r=0.9995. 
The linear ranges of the two amplifications were both from  
1-104 copies/μL.

Comparison of the four MTB DNA extraction methods 

Extraction efficiency
All experimental samples from the four methods had higher 
MTB and plasmid DNA concentrations than the control 
samples. Single-factor analysis of variance was used to compare 
the DNA concentration difference between the experimental 
and control samples. The results showed that the MTB DNA 
extracted by the magnetic bead method was of significantly 
higher concentration than that extracted using the phenol-
chloroform method (P=0.003), and the plasmid DNA 
extracted by the magnetic bead method was of significantly 
higher concentration than that extracted using the Qiagen kit 
(P=0.003), the phenol-chloroform method (P<0.001) and the 
Omega kit (P<0.001), indicating that the magnetic bead method 
had the highest DNA extraction efficiency (Table 1).
 
Relative loss ratio
Single-factor analysis of variance showed that the relative loss 
ratio of MTB DNA extracted by the magnetic bead method 
was significantly lower than that of the DNA extracted using 
the Qiagen kit (P=0.018) and the phenol-chloroform method 
(P=0.001), and the relative loss ratio of plasmid DNA extracted 
by the magnetic bead method was significantly lower than that 
extracted by the other three methods, including the Qiagen kit 
(P<0.001), the phenol-chloroform method (P=0.002) and the 
Omega kit (P<0.001). These results showed that the magnetic 
bead method had the lowest loss ratio and is therefore more 
suitable for plasma DNA extraction (Table 1).

Relative inhibition ratio and reproducibility
A significant difference in the MTB DNA concentration 
was detected between the experimental and control samples 
(P=0.040), however, no significant difference in the plasmid 
DNA concentration was observed between the experimental and 
control samples. To compare reproducibility, DNA was extracted 
10 times and the results showed that the magnetic bead method 
and the Omega kit resulted in the lowest CV values.

MTB DNA detection results for the tuberculosis patients and 
healthy controls

Among the 124 clinically diagnosed pulmonary tuberculosis 
patients, the plasma or serum samples of 39 (31.5%) patients 
tested positive for MTB DNA. DNA sequencing of all the 

39 positive PCR products confirmed that they were all MTB 
sequence by using BLAST software. Interestingly, 35.3% 
(12/34) of smear-negative tuberculosis cases were MTB DNA 
positive (Table 2, Figure 2). Serum samples before and after anti-
tuberculosis chemotherapy were collected in 10 cases. Eight of 
these cases were MTB DNA negative before chemotherapy, and 
three of these cases gave a positive result after chemotherapy. The 
two cases that were MTB DNA positive before chemotherapy 
both gave a negative result after chemotherapy. All of the plasma 
and serum samples from the healthy controls were MTB DNA 
negative.

 .Discussion

M. tuberculosis, the causative agent of tuberculosis, is among 
the leading causes of death from infectious disease worldwide, 
especially in developing countries (8,15). Early identification 
of MTB is of great importance as it would help in the initiation 
of rapid appropriate treatment for patients (7,8,15-19). Real-
time PCR is a methodology with high sensitivity that has the 
potential to detect MTB directly from clinical samples (20,21). 
DNA isolation is usually the first step towards the identification 
of MTB by real-time PCR assays. However, MTB DNA is 
difficult to isolate and there are a wide range of DNA isolation 
methods available which have been performed with varying 
levels of success. Therefore, in this study, we compared the 
efficiency of four DNA isolation methods and successfully 
detected MTB directly in plasma/serum specimens. This study 
reported the existence of circulating MTB DNA in the plasma/
serum of tuberculosis patients, which providing a potential novel 
approach for the diagnosis of tuberculosis.

Circulating DNA, also known as cell-free DNA, refers to 
DNA that exists in the bloodstream but not in blood cells. It has 
long been known that circulating DNA is present in the plasma 
or serum of healthy and diseased individuals. Previous studies 
have reported that an increased amount of circulating DNA 
exists under many pathological conditions, such as autoimmune 
diseases,  malignanc y, prenatal diseases,  trauma, organ 
dysfunction and stroke (22-29). However, whether circulating 
DNA exists in tuberculosis patients remains unknown. 
Furthermore, circulating DNA is an unspecific index which may 
increase during various diseases. Therefore, in this study, specific 
primers and probes were designed to detect MTB DNA in 
plasma and serum samples from tuberculosis patients. 

A known amount of MTB DNA was added to the plasma 
samples from tuberculosis patients before DNA extraction. After 
DNA extraction using one of four different methods, including 
the phenol-chloroform method, the Qiagen kit, the Omega kit 
and the magnetic bead method, real-time PCR was performed 
to determine the extraction efficiency, the relative loss ratio and 
the inhibition ratio. For MTB DNA, the magnetic bead method 
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Table 2. Comparison of MTB DNA and plasmid DNA isolated using the four extraction methods. 

Qiagen Magnetic bead Phenol-chloroform Omega

MTB Plasmid MTB Plasmid MTB Plasmid MTB Plasmid

Concentration of experimental 
sample (mean ± SD)a

1197.8± 
648.5

423.6± 
183.4

1483.1± 
457.5

714.2± 
214.3

704.5± 
505.3

310± 
208.8

946.7± 
246.0

316.7± 
135.8

Extraction efficiency  
(mean ± SD)

42.7± 
23.1%

41.0 ± 
17.7%

52.8± 
16.3%

69.2± 
20.7%

25.1± 
18.0%

30.0± 
20.2%

33.7± 
8.8%

30.7± 
12.7%

Concentration of control  
sample (mean ± SD)a

3228.4± 
2383.3 

1326.9± 
1668.9

2451.6± 
1509.1

1047.9± 
539.6

2399.1± 
709.0

806.6± 
249.7

4199.5± 
1983.5

1686.4± 
4681.2

Loss ratio  
(mean ± SD)

63.2± 
19.8%

68.1± 
13.8%

40.1± 
18.5%

31.8± 
20.4%

70.6± 
21.0%

61.6± 
25.9%

66.3± 
8.8%

81.2± 
8.1%

Inhibition ratio –15.0% –28.5% 12.7% –1.5% 14.5% 21.9% –49.7% –63.3%

Coefficient of variance 46.9% 37.5% 26.7% 26.0% 62.2% 58.4% 22.5% 37.2%
a: ng/mL.

A B

C

E

D

1.800e+005
Delta Rn vs. cycle

1.600e+005

1.400e+005

1.200e+005

D
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Figure 2. Fluorescent quantitative PCR amplification curve for the standard and test samples and the standard curve of MTB DNA. A. Fluorescent 
quantitative PCR amplification curve: 1, standard sample, 1×107 copies/mL; 2, standard sample, 1×106 copies/mL; 3, standard sample,  
1×105 copies/mL; 4, standard sample, 1×104 copies/mL; 5, standard sample, 1×103 copies/mL; 6, test sample of tuberculosis; 7, H2O; B. Standard 
curve of MTB DNA:  Std, positive standard samples;  unknown, test sample; C. Electrophoresis of fluorescent quantitative PCR amplification 

products: M, DNA marker (DL2000); 1-8, plasma/serum samples from tuberculosis patient 1-8; P, positive control; N, negative control; D. Sequence 
figure of MTB DNA amplification product; E. DNA sequence of MTB DNA amplification product.

had higher extraction efficiency than the phenol-chloroform 
method, and a lower relative loss ratio than the Qiagen kit and 
the phenol-chloroform method. For plasmid DNA, the magnetic 
bead method had the highest extraction efficiency and the lowest 
relative loss ratio compared with the other three DNA isolation 
methods. These results showed that the magnetic bead method 

was the most effective method for the isolation of MTB DNA 
from plasma samples.

Real-time PCR was also used for the accurate quantitative 
detection of MTB DNA in plasma/serum samples collected 
from patients with clinically diagnosed pulmonary tuberculosis 
and healthy controls.  Of the tuberculosis patients, the 
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plasma/serum samples of 31.5% (39/124) were positive for 
MTB DNA. Despite the detection rates being relatively low 
compared with sputum and other clinical samples (4,30-32), 
the plasma and serum samples were uniform and quantitative 
amplification was easy to perform. Interestingly, 35.3% (12/34) 
of smear-negative tuberculosis cases were MTB DNA positive. 
Tuberculosis remains a challenging diagnosis for both clinicians 
and microbiologists because of the low sensitivity of acid-fast 
bacilli smear method and the long testing cycle of MTB culture. 
However, if acid-fast staining is combined with the detection 
of MTB DNA in plasma/serum samples, the sensitivity of 
tuberculosis diagnosis may increase. 

Ser u m  sam pl es  b e f o re  an d  af ter  ant i - t u b erc u l o s i s 
chemotherapy were collected in 10 cases. Two cases which were 
MTB DNA positive before chemotherapy tested negative after 
chemotherapy, indicating a good prognosis for the patients. 
Of the other eight cases that were MTB DNA negative before 
chemotherapy, three tested positive after chemotherapy, 
indicating that this index may be useful in evaluating therapeutic 
effects.

Despite the limitations of this real-time PCR technique using 
plasma/serum samples, we believe that it is a useful tool for the 
diagnosis of tuberculosis, especially in smear-negative cases. It 
may also provide a good therapeutic effect index. Further studies 
are now required to improve the sensitivity of this technique.
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