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Molecular-Beacon-Based Real-Time PCR for Detection and Quantification of
Mycobacterium tuberculosis DNA in Clinical Samples�

Although real-time PCR (RT-PCR) has been extensively
evaluated for diagnosis of Mycobacterium tuberculosis infec-
tions (5), data are limited on molecular-beacon (MB) applica-
tions. An MB-based RT-PCR protocol was designed and eval-
uated for direct M. tuberculosis detection and quantification in
clinical specimens.

A total of 1,019 samples (417 pulmonary and 602 extrapul-
monary) were consecutively and prospectively collected for
tuberculosis (TB) diagnosis. They were processed using stan-
dard methodology (4) and divided into two parts. The first half
of each sample was used for acid-fast staining and culture,
while the second half was stored at �70°C. TB diagnosis of
patients followed previous definitions (11). After diagnosis elu-
cidation, the second part of each specimen obtained from
TB-positive patients, as well as an equal number of specimens
obtained from TB-negative patients, was thawed and DNA was
extracted using a QIAamp DNA Mini kit (Qiagen, Hilden,
Germany).

The RT-PCR targeted the IS6110 sequence, and the follow-
ing primers, amplifying a 161-bp fragment, and MB were de-
signed, using Beacon Designer 5.1 software (Premier Biosoft,
Palo Alto, CA): TB2F (5�-GTCCACGCCGCCAACTACG-
3�), T�2R (5�-GTTAGGTGCTGGTGGTCCGAAG-3�),
and TB2B (6-carboxyfluorescein–5�-CGCGATCGCCACAG
CCCGTCCCGCCGATGATCGCG-3�-benzoic acid succin-
imidyl ester). Conditions consisted of 2 min of denaturation at
95°C, 50 cycles of 45 s of denaturation at 93°C, 90 s of anneal-
ing at 60°C, and 2 min of extension at 72°C, and finally, 7 min
of extension at 72°C. DNA extracted from the M. tuberculosis
H37Rv strain (ATCC 25618) was used for the quantification
standard curve. DNA from an M. avium and an M. chelonae
clinical isolate, from an M. bovis BCG strain, and from
Escherichia coli ATCC 25922, Pseudomonas aeruginosa ATCC
27853, Staphylococcus aureus ATCC 29213, Enterococcus faecalis
ATCC 29212, Streptococcus pneumoniae ATCC 49619, and
Bacteroides fragilis ATCC 25285 strains was used for specificity

confirmation. The median and mean of the quantified DNA
and cycle threshold values were calculated using Instat 3.0
software (GraphPad Software, San Diego, CA 92130). A pre-
viously reported (8) single-step conventional PCR (C-PCR)
was used for comparisons.

With the RT-PCR protocol, a positive signal was detected
using DNA only from the M. tuberculosis and the M. bovis
strains. RT-PCR analytical sensitivity was 7 fg of DNA, corre-
sponding to approximately 1.4 mycobacterial genomes. Over-
all, 32 patients were TB positive, and 40 specimens were ob-
tained from those patients (Tables 1 and 2). A total of 40
specimens (10 pulmonary and 30 extrapulmonary) were also
obtained from 34 TB-negative patients. The two PCR assays
showed equally high levels of sensitivity (Table 1), although
C-PCR performed better among pulmonary specimens and
RT-PCR performed better among extrapulmonary specimens.
Combining the two assays yielded 100% sensitivity. After test-
ing the samples diluted 10�1, we found three samples to be
inhibitory (one with both protocols and two with PCR only).
DNA quantification results from comparisons of the main
specimen types are shown in Table 2. The mean (� standard
deviation) cycle threshold value for the RT-PCR was 33.5 (�
5.3; range, 19.3 to 40.7).

In the literature, TaqMan and linear fluorescence probes
have mostly been applied for direct diagnosis of TB (1, 3, 5).
MB technology has been evaluated for direct detection of M.
avium (2, 6) as well as for detection of mutation-specific resis-
tance in M. tuberculosis isolates (9, 10) and, in only one report,
for direct TB diagnosis using pulmonary specimens (7). In the
present study, a newly designed MB RT-PCR was developed
and proved to be a promising tool, showing high sensitivity and
specificity for a collection of pulmonary and extrapulmonary
specimens, which in most cases (29 out of 40) were acid-fast
staining and culture negative.

Our report has also shown that pulmonary and pus speci-
mens had the highest median DNA loads, in contrast to the
results seen with lymph nodes. Although lymph node biopsy is
commonly used for extrapulmonary TB diagnosis, our results
indicated that a specimen from the primal focal point of the
disease, if retrievable, may yield higher mycobacterial loads.TABLE 1. Sensitivities, specificities, and positive and negative

predictive values of the two PCR assays

Clinical specimen
category PCR assay %

Sensitivity
%

Specificity
%

PPVa
%

NPVb

Pulmonary
(n � 9)

C-PCR 100 100 100 100
RT-PCR 88.9 100 100 90.9
C-PCR �

RT-PCR
100 100 100 100

Extrapulmonary
(n � 31)

C-PCR 90.3 100 100 90.9
RT-PCR 93.5 100 100 93.8
C-PCR �

RT-PCR
100 100 100 100

Total (n � 40) C-PCR 92.5 100 100 93.0
RT-PCR 92.5 100 100 93.0
C-PCR �

RT-PCR
100 100 100 100

a PPV, positive predictive value.
b NPV, negative predictive value.

TABLE 2. DNA quantification of the main specimen types by use
of the RT-PCR protocol

Specimen category
RT-PCR quantification (fg)

Mean (� SD) Median

Pulmonarya (n � 9) 20,287.51 (� 27,221.36) 5,900.00
Tissue biopsy (n � 8) 1,492.76 (� 3,052.54) 258.85
Pus (n � 7) 25,982.00 � 106 (� 72,337.00 � 106) 3,747.00
Lymph node biopsy

(n � 6)
23,641.12 (� 52,748.28) 4.90

Miscellaneousb

(n � 10)
1,334.38 (� 2,567.68) 74.30

a Includes seven sputum and two lavage specimens.
b Includes three urine specimens, two bone marrow aspiration samples, two

gastric fluid samples, one cerebrospinal fluid sample, one pericardial aspiration
sample, and one prostatic specimen.
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