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Abstract. Mycobacterium tuberculosis (M. tb) is a causative agent of tuberculosis,
a worldwide public health problem. In recent years, the incidence of human
mycobacterial infection due to species other than M. tb has increased. However,
the lack of specific, rapid, and inexpensive methods for identification of myco-
bacterial species remains a pressing problem. A diagnostic test was developed
for mycobacterial strain differentiation utilizing a double-step multiplex real
time PCR together with melting curve analysis for identifying and distinguish-
ing among M. tb, M. bovis BCG, other members of M. tb. complex, M. avium, and
non-tuberculosis mycobacteria. The assay was tested using 167 clinical sputum
samples in comparison with acid-fast staining and culturing. Using only the
first step (step A) the assay achieved sensitivity and specificity of 81% and 95%,
respectively. The detection limit was equivalent to 50 genome copies.
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INTRODUCTION

Tuberculosis (TB) remains a major
public health problem worldwide. One-
third of the world’s population is infected
with Mycobacterium tuberculosis (M. tb),
and TB causes more adult mortality than
does any other single infectious agent
(Raviglione et al, 1995). It is estimated that
nearly one billion people will be newly
infected with TB between 2000 and 2020.
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Furthermore, two hundred million of those
people will develop active disease during
their lifetime and 35 million will die from
TB within this period (Amdekar, 2005).

Recently, the incidence of human
mycobacterial infections due to species
other than M. tb has increased worldwide.
These infectious agents include other spe-
cies of the M. tb complex (MTC), as well
as non-tuberculous mycobacteria (NTM).
The most common pathogens in these
two groups are M. bovis and the M. avium
complex, respectively (Nightingale et al,
1992; Park et al, 2010).

Because disease control depends on
appropriate antimicrobial therapy, the
precise identification of these clinically
important species has become a major
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Table 1
Mycobacterial strains used in the study.

Mycobacterial species (number)

Strains

M. tuberculosis (5) H37Rv, H37Ra, H37Rvj, V.Ab., ATCC27294
M. bovis BCG (3) BCG Tokyo KK 1201, BCG ATCC 35740, BCG Pasteur
M. microti (1) KK 1401

M. kansasii (3) 302, Vincent, ATCC12478

M. szulgai (2) JATA 3201, 352

M. xenopi (1) ATCC 19250

M. scrofulaceum (1) ATCC 19981

M. duwvalii (1) MNC 442

M. avium (3) ATCC 700898, 212, MAC IWGMT 49

M. intracellulare (2) ATCC 13950, 71

M. terrae (2) ATCC 16766, ATCC 15755

M. gordonae (1) ATCC 11470

M. nonchromo-geium (1) ATCC 19530

M. austroafricanum (1) 3005

M. neolactis (1) 5152

M. chelonae (1) ATCC 23016

public health concern, but has been hin-
dered by a lack of specific, rapid, and in-
expensive methods (Perez-Martinez et al,
2008). Real time PCR has been used as a
diagnostic method as it has high sensitivity
and specificity, and can even be used for
the differentiation of closely related species
(O’'Mahony and Hill, 2002). Multiplex real
time PCR is an extension of the technique
in which multiple targets are quantified
simultaneously in the same reaction. In
this study, we developed a diagnostic test
for mycobacterial strain differentiation
using double-step multiplex real time PCR
coupled with melting curve analysis to
identify 1) M. tb, 2) M. bovis BCG, 3) other
species in the MTC, 4) M. avium, and 5)
non-tuberculosis mycobacteria.

MATERIALS AND METHODS

Sputum specimens and mycobacterial
strains

One hundred and sixty-seven clini-
cal sputum samples were tested for my-
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cobacteria using routine TB laboratory
techniques, including acid-fast staining,
culturing and the niacin accumulation test
(Sutantangjai ef al, 2014). The specimens
that were used in this study were from
patients at the Disease Prevention and
Control 6, Khon Kaen, Thailand and had
been previously used for other clinical
diagnosis purposes. All samples were
stained for acid-fast bacilli (AFB) using the
Kinyoun method (Somoskovi et al, 2001)
and cultured in a BBL MGIT tube (Becton
Dickinson, San Jose, CA) containing 7 ml
modified Middlebrook 7H9 broth for 42
days or until a positive signal developed.
Mycobacterial reference strains used
in this study are listed in Table 1. This
study was approved by the Khon Kaen
University Ethics Committee for Human
Research (approval no. HE551091).

Real time PCR procedures

DNA from sputum was performed us-
ing a DNeasy Blood & Tissue Kit (Qiagen,
Hilden, Germany) according to manufac-
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Clinical specimens

Step A
M.tb M. tb complex NTM Not genus Mycobacterium
Step Bl Step B2
M. bovis | | M. tb complex other than . . NTM other than
BCG M. tb, M. bovis BCG M. avium M. intracellulare M. avium and
M. intracellulare

Fig 1-Scheme of multistep multiplex real time PCR coupled with melting curve analysis for detec-

tion and differentiation of mycobacteria.

turer’s instructions, whereas DNA from
stock bacterial strains was performed us-
ing proteinase K and lysozyme in order to
lyse cells from colonies. Buffering condi-
tions were adjusted to provide optimal
DNA-binding conditions and the lysate
was loaded onto a DNeasy Mini spin col-
umn of the kit. Further procedures were
performed according to the manufac-
turer’s instructions. The DNA was stored
at -20°C until used.

Primers were selected from published
sources (Table 2) and slightly modified
to obtain similar melting temperatures
(Tms) within each multiplex group.
Primers were tested for absence of hair-
pin loops, self- and hetero-dimers using
the Oligoanalyzer website (http://www.
idtdna.com/analyzer/applications/oligo-
analyzer/). The amplicons generated by
these multiplex primers were designed
to produce different Tms due to their dif-
ferent lengths.

Three separate multiplex real time
PCR assays were designed to include two
steps: step A, followed by step B1 or B2
(Fig 1A). For step A, multiplex real time
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PCR together with melting curve analy-
sis was performed before a decision was
made to proceed to step Bl or B2. Three
pairs of primers including RD9, MTB,
and HSP (specific for M. tb, MTC and the
genus Mycobacterium, respectively) were
designed for use in step A (Table 2). The
second step was duplex real time PCR,
two primer pairs were used in step B1 to
distinguish M. bovis BCG from members
of MTC (RD4 primer pair being species-
specific for M. bovis and ET primer pair
only M. bovis BCG). In step B2, four prim-
ers that bind to different specific sites of
16S rDNA were used to generate three
possible PCR products, specific to M.
avium, M. intracellulare or NTM, which
could be differentiated from one another
due to their different Tms (Table 2).

PCR conditions were adjusted to
equalize the intensity of each amplicon
band. In step A, the 20 ul reaction mix-
ture contained 1 ul of 5 uM forward and
reverse HSP primers, 2 ul of 5 uM forward
and reverse MTB primers, 2 ul of 12.5 uM
forward and reverse RD9 primers, 5 ul
of 20 ng of DNA template and SsoFast™
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Fig 2-Agarose gel-electrophoresis of amplicons from con-
ventional PCR of mycobacteria. Specific primer pair
(labeled in figure) was used to amplify its correspond-
ing mycobacterial DNA as described in Materials and
Methods. Lane 1, DNA size markers (bp); lane 2, M.
tb. H37RV; lane 3, M. bovis BCG; lane 4, M. tb H37RV;
lane 5, M. bovis BCG; lane 6, M. avium; lane 7, M. in-
tracellulare; lane 8, M. bovis BCG; lane 9, M. tb H37RV

(multiplex step A PCR).

EvaGreen® Supermix reagent (Bio-Rad
Laboratory, Hercules, CA). In steps B1 and
B2, the 20 ul reaction mixture contained
1 ul of water, 2 ul of 5 uM forward and
reverse RD4 primers and 2 ul of 5 uM for-
ward and reverse ET primers (for B1) or 2
ul of 5 uM forward and reverse RAC prim-
ers, 2 ul of 5 uM forward Mycint primer
and 2 ul of 5 uM reverse Mycav primer
(for B2), 5 ul of 20 ng DNA template and
SsoFast™ EvaGreen® Supermix reagent
(Bio-Rad Laboratory, Hercules, CA).

Thermocycling conditions (con-
ducted in a Light-Cycler 480 PCR system;
Roche Diagnostic) were as follows: for 2
minutes; 40 cycles of 98°C for 5 seconds,
53°C (decreasing from 63°C to 53°C by 2°C/
cycle for the first six cycles) for 5 seconds
and 72°C for 24 seconds. Data for the melt-
ing curve analysis were collected between
65°C and 99°C with a ramp rate of 0.11°C/
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sec. Amplicon sizes were
confirmed by 1.5% agarose
gel-electrophoresis.

RESULTS

The multi-step multiplex
real time PCR with melting
curve analysis was evalu-
ated using 16 mycobacterial
reference strains and 167 iso-
lates from sputum samples,
among 126 (75%) were posi-
tive for mycobacteria by AFB
staining and culturing.

The designed primers
were tested by conventional
PCR and generated ampli-
cons if the expected sizes
as visualized by ethidium
bromide staining of 1.5%
agarose gel after electropho-
resis (Fig 2).

Melting curve analysis after step A
PCR using DNA only from M. tb gener-
ated three peaks with Tms of 80°C, 86°C
and 91°C for each of the three 16S rDNA
regions amplified, respectively (Fig 3A).
Using DNA from other members of MTC
Tms of 86°C and 91°C were obtained (Fig
3B). Mycobacteria other than MTC gener-
ated a single Tm of 91°C peak using the
genus-specific primers (Fig 3C). No specific
Tm was found for Escherichia coli (Fig 3D).

In step B1, to identify M. bovis BCG,
Tm of the amplicon generated by the
primer pair RD4 (86°C) and ET (90°C) was
specific to the species and strain, respec-
tively (Fig 3E). In step B2, to differentiate
between M. avium and M. intracellulare,
three sets of primers (RAC-FR, RAC-F-
Mycav and Mycint-RAC-R) generated
amplicons with Tms of 86°C (M. avium),
90°C (genus-specific) and 95°C (M. intra-
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Fig 3-Melting curves of multiplex real time PCR amplicons of mycobacteria. Step A real time PCR
was used to detect M. tb (A), MTC (M. bovis BCG) (B), genus Mycobacterium (M. kansasii) (C)
and non mycobacteria (E. coli) (D); step B1 real time PCR to detect M. bovis BCG (E); and step
B2 real time PCR to detect M. avium (F) and M. intracellulare (G).

cellulare) (Fig 3F and G).

The specificity of this real time PCR
coupled with melting curve analysis was
evaluated against a battery of 16 Myco-
bacterium reference strains (Table 1) and
other microorganisms (viz, Streptococcus
pneumoniae, Staphylococcus aureus, Klebsi-
ella pneumoniae, Escherichia coli, Neisseria
meningitides, Haemophilus influenzae, and
Nocardia spp). All mycobacterial reference
strains were correctly identified and none
of the other bacterial or fungal strains
typically found in sputum samples gave
false positive results (data not shown).

Sensitivity of the technique (step A)
was determined using chromosomal DNA
from M. tuberculosis H37RV reference strain
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at various concentrations and performed
detection by using Step A real time PCR.
The limit of detection of M. tuberculosis
H37RV was 0.25 ng, equivalent to about
50 genome copies (based on a genome size
of 4.4 million bp (Brosch et al, 2000) (data
not shown).

Compared with AFB staining of spu-
tum samples, sensitivity of the multiplex
real time PCR method was 81% (102/126),
specificity 95% (39/41), positive predictive
value (PPV) 98% (102/104) and negative
predictive value (NPV) 62% (39/63); and
when compared with culturing technique,
sensitivity, specificity, PPV and NPV was
87% (79/91), 67% (51/76), 76% (79/104) and
81% (51/63), respectively (Table 3).
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Table 3
Comparison of multiplex real time PCR method with AFB staining combined with
culturing for detection and differentiation of mycobacteria from 167 sputum samples.

AFB + culture

Positive Negative Total
Multiplex real time PCR Positive 102 2 104
Negative 24 39 63

DISCUSSION singleplex PCR is greater than 95%, but

Conventional multiplex and multi-
step PCR-based assays have been used for
identification of the genus Mycobacterium,
MTC and seven individual mycobacte-
rial species (Perez-Martinez et al, 2008).
A stepwise, two-step multiplex real time
PCR assay with melting curve analysis
has previously been employed for rapid
identification from clinical isolates of
MTC members at the species level. The
primers were designed based on region of
differences sequences (Pinsky and Banaei,
2008). In this study, we further developed
the assay based on multi-step multiplex
real time PCR coupled with a melting
curve analysis in order to identified both
MTC or NTM from clinical specimen.

The current routine procedure for
TB diagnosis differentiates only MTC or
NTM (Toihir et al, 2011). Our multiplex
real time PCR approach provides a more
precise diagnosis, allowing identification
of M. tb, M. bovis BCG, members of MTC,
M. avium, M. intracellulare and other NTM
members. In order to minimize costs, only
the step A of the two-step multiplex real
time PCR assay needs to be conducted as
the majority of clinical tubercular speci-
mens contain M. tb.

Compared with AFB staining and
culturing, the sensitivity of our method
was only 81%. Generally, sensitivity of
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relatively more copies of the template are
necessary for a successful multiplex PCR
reaction because it uses several pairs of
primers and the annealing step is per-
formed at a relatively high temperature
in order to avoid non-specific priming.
This situation was reflected by the rela-
tively low sensitivity of the multiplex real
time PCR technique (50 copies of M. tb
genome). Compare to the previous study
using single tube nested PCR reported
better detection limit (Choi et al, 2014).
However, half of the samples tested in
this study had been stored for 3-4 days at
4°C before DNA extraction, and some of
the target DNA could have been degraded
prior to this study.

Specificity of our method was better
(95%). Two samples were positive by the
multiplex real time PCR assay but nega-
tive in AFB staining and culturing. The
latter approach requires a large number of
live cells, whereas PCR detects a relatively
low number of both living and dead cells.

A previous study showed that real
time PCR cannot distinguish mycobacte-
ria at the species level but can differenti-
ate between MTC and NTM (Pinsky and
Banaei, 2008) but our method has the abil-
ity of identifying not only M. tb but also
MTC and NTM, which also is a greater
advantage over AFB staining and cultur-
ing. The method has a relatively short
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turnaround time (4 hours) and a simple
protocol. Although the technique is less
expensive than probe hybridization, the
protocol is less sensitive and is appropri-
ate for use as a primary detection and
identification method for mycobacteria. In
addition, the assay can be used to identify
post-cultured mycobacteria.
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