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The rapid identification of mycobacteria from culture is of primary importance for the administration
of empirical antibiotic therapy and for the implementation of public health measures, yet there are few
commercially available assays that can easily and accurately identify the mycobacteria in culture in a
timely manner. Here we report on the development of a multiplex, real-time PCR assay that can identify
93% of the pathogenic mycobacteria in our laboratory in two parallel reactions. The mycobacteria
identified by this assay include the Mycobacterium tuberculosis complex (MTC), the M. avium complex
(MAC), the M. chelonae-M. abscessus group (MCAG), the M. fortuitum group (MFG), and M. mucogenicum.
The primer targets included the 16S rRNA gene and the internal transcribed spacer. The assay was
initially validated with a repository of reference strains and was subsequently tested with 314 clinical
cultures identified by the AccuProbe assay or high-performance liquid chromatography. Of the 314
cultures tested, multiplex, real-time PCR produced congruent results for 99.8% of the 1,559 targets
evaluated. The sensitivity and the specificity were each 99% or greater for MTC (n = 96), MAC (n = 97),
MCAG (n = 68), and M. mucogenicum (n = 9) and 95% and 100%, respectively, for MFG (n 19). We
conclude that this multiplex, real-time PCR assay is a useful diagnostic tool for the rapid and accurate

identification of MTC and clinically relevant nontuberculous mycobacteria.

Mycobacterium tuberculosis, the causative agent of tubercu-
losis, is among the leading infectious causes of death in devel-
oping nations (23). In resource-rich countries, where tubercu-
losis is not endemic, nontuberculous mycobacteria (NTM) are
responsible for the majority of mycobacterial infections in both
immunocompromised and immunocompetent individuals (14).
The clinical gravity of mycobacterial infections necessitates
rapid isolation by culture and timely identification by the ap-
propriate diagnostic assays. Rapid identification not only
serves to focus empirical antibiotic therapy and thus avoid
unnecessary drug exposure but also may aid with the appro-
priate respiratory isolation and prevention of secondary cases
(15).

Few molecular methods commercially available in the United
States easily and rapidly identify mycobacteria in culture. Al-
though the AccuProbe assay by Gen-Probe (San Diego, CA) is
sufficient for the identification of isolates of the Mycobacterium
tuberculosis complex (MTC) and the M. avium complex (MAC)
(37), it lacks probe sets specific for rapidly growing mycobacteria,
such as the M. chelonae-M. abscessus group (MCAG) and the M.
fortuitum group (MFG), which make up approximately 30% of
the pathogenic mycobacteria in the Clinical Microbiology Labo-
ratory of Stanford Hospital (Stanford, CA). MCAG consists of M.
chelonae, M. abscessus, and M. immunogenum; MFG consists of
M. fortuitum, M. senegalense, M. farcinogenes, M. porcinum, M.
septicum, M. peregrinum, and M. alvei (11). For these isolates,
other methods, such as biochemical reactions (6, 33), high-per-
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formance liquid chromatography (HPLC) (13), and DNA se-
quencing (17), are required for identification. To address the
need for a simple and rapid molecular assay with a broader
identification scope, we developed a multiplex, real-time PCR
assay that can identify 93% of the pathogenic mycobacterial iso-
lates (both slowly growing and rapidly growing) recovered in the
Clinical Microbiology Laboratory of Stanford Hospital. This assay
simplifies the identification of MTC and MAC and also accom-
modates the identification of rapidly growing mycobacteria. Al-
though conventional PCR-based and singleplex, real-time PCR
assays for the identification of MTC and NTM have previously
been reported (3, 7, 18, 19, 25, 29, 30, 32, 35), multiplex, real-time
PCR assays with simple interpretative criteria have not been de-
veloped. A multiplex, real-time PCR assay for the identification
of 18 mycobacterial species, including MTC and rapidly growing
mycobacteria, was recently described (21); however, the complex
nature of this assay may preclude its use in the routine laboratory.
The only simple application of PCR for the identification of
rapidly growing mycobacteria consists of PCR-restriction analysis
(8, 36). Multiplex, real-time PCR has several crucial advantages
over conventional PCR. Besides the ease of use and rapid avail-
ability of results, it also eliminates the need for postamplification
handling and thus the potential contamination of the laboratory.

Here we describe the development and validation of a mul-
tiplex, real-time PCR assay for the simple identification of
MTC and clinically relevant NTM.

MATERIALS AND METHODS

Mycobacterial strains. The reference strains used in this study are shown in
Table 1. A total of 314 mycobacterial cultures recovered from 255 distinct clinical
specimen types from 233 patients at the Stanford Hospital Clinical Microbiology
Laboratory between 2005 and 2007 were included in the validation study. Except
for isolates of the MTC, these isolates were from consecutive cultures. For MTC,
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TABLE 1. Reference strains used in this study

Organism ATCC Genus
strain no. T, (°C)*
M. abscessus 19977 80.6
M. africanum 25420° 81.9
M. avium subsp. avium 25291° 81.2
M. avium subsp. paratuberculosis BAA-968 81.9
M. bovis Ravenel 35720 81.6
M. bovis BCG Pasteur 35734 82.0
M. chelonae 357520 80.6
M. fortuitum subsp. fortuitum 6841° 81.4
M. gordonae — 82.3
M. intracellulare 13950° 81.4
M. kansasii 12478° 81.7
M. marinum — 81.7
M. mucogenicum 49650 82.3
M. parafortuitum 19686° 82.5
M. phlei 10142 81.8
M. scrofulaceum 19981° 81.7
M. simiae — 82.5
M. terrae — 81.5
M. tuberculosis H37Rv 27294° 81.8
M. xenopi 192507 82.0

“ T, for mycobacterial genus amplicon.
® Type strain organism.
¢ —, from the Stanford Hospital collection.

additional isolates were included to ensure the presence of adequate numbers. A
total of 254 of these were subcultured on Middlebrook 7H11/Middlebrook 7H11
selective biplates (Hardy Diagnostics, Santa Maria, CA). The remaining 60
represented primary mycobacterium growth indicator tube (MGIT) 960 cultures
(Becton Dickinson, Franklin Lakes, NJ). In addition, 32 M. kansasii isolates from
26 patients (6 from Stanford Hospital and 20 from the California Department of
Health Services, Richmond, CA) were included. All isolates had been identified
to the species or complex level by the AccuProbe assay (Gen-Probe) or HPLC at
the Focus Diagnostics reference laboratory (Cypress, CA) or the California
Department of Health Services.

DNA extraction. Bacteria growing on Middlebrook 7H11 agar were harvested
with a 1-ul loop and resuspended in 0.5 ml of molecular-grade water (Sigma-
Aldrich, St. Louis, MO). MGIT cultures were tested for contamination and
purity by subculturing them to blood agar and Middlebrook 7H11 agar, respec-
tively. A 0.5-ml volume of contaminant-free MGIT culture was sedimented at
12,600 X g for 2 min and resuspended in 0.5 ml of molecular-grade water. Both
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sample types were heated in a 95°C water bath for 10 min and centrifuged for 2
min before an aliquot of the supernatant was removed for the real-time PCR
assay and sequencing.

Primers and primer design. Primers targeting the following were designed by
importing and aligning the target sequences by using the Clone Manager Pro-
fessional Suite (Science and Education Central, Cary, NC): the internal tran-
scribed spacers (ITSs) of MTC and MCAG:; the 16S rRNA genes of MAC, MFG,
and M. mucogenicum; the region of the 16S rRNA gene common to all members
of the genus Mycobacterium; the insertion sequence 1S1311 of M. avium (9); and
the DT1 sequence of M. intracellulare (31). Primer selection was facilitated by
determination of the regions of difference that would selectively and differen-
tially amplify targets of interest. The list of real-time PCR primers for ribosomal
targets and their corresponding amplicon lengths and melting temperature (7,,,)
values are provided in Table 2. The forward and reverse primers for IS1371 were
5'-CGATTTGGAGTTGCGGATT-3" and 5'-GGAACACATACGGGAAGTG
C-3', respectively, and those for DT1 were 5'-CGCGAACCTTCCACAATG-3’
and 5'-GTGGTGCCTCAGGCTAGTTG-3', respectively. The reverse primer
specific for the genus Mycobacterium, also known as primer 264, was adopted
from a previous study (17).

Real-time PCR. Each 25-pl PCR mixture contained 1.25 pl of 10 pM multi-
plexed primer mix (Table 2), 3.75 wl molecular-grade water, 12.5 wl 2X FastStart
Sybr green master mixture (Roche Diagnostics, Indianapolis, IN), and 7.5 wl
extracted mycobacterial DNA. The reactions were performed on a SmartCycler
II real-time PCR instrument (Cepheid, Sunnyvale, CA), and amplification was
monitored by measurement of the Sybr green fluorescence. The PCR program
included a 95°C activation step for 5 min, followed by 40 cycles of 95°C for 15 s,
60°C for 30 s, and 72°C for 30 s and measurement of the fluorescence. Following
the last cycle, the instrument generated a melting curve by ramping from 60°C to
95°C at 0.2°C/s and continuously measuring the fluorescence. The melting curves
displayed the negative first derivative of the DNA melting profile.

Analysis. Reactions with amplification cycle threshold values of between 20
and 35 were considered successful and were analyzed with DNA melting curves.
Amplified products in the melting curve plot were analyzed for their intensity
and T,,,. Peaks with intensities of less than or equal to 20 units were considered
negative, those with intensities of greater than or equal to 40 units were consid-
ered positive, and those with intensities of between 20 and 40 units were con-
sidered indeterminate. In reaction 1, peaks with T,, values of 77°C, 80.2 to
82.9°C, and 86.2°C represented MTC, the genus Mycobacterium, and MAC,
respectively. In reaction 2, peaks with 7,,, values of 77.4°C, 80.2 to 82.9°C, and
85.8°C represented MCAG, the genus Mycobacterium, and MFG or M. muco-
genicum, respectively. The MFG-specific primers in reaction 2 amplified both
MFG and M. mucogenicum; thus, the latter organism was distinguished from
MFG on the basis of the higher 7, of its genus Mycobacterium amplicon (82.4°C
and 81.5°C, respectively). Because of the higher efficiencies of the primers spe-
cific for a complex or group compared with efficiencies of the primers specific for

TABLE 2. Primers used in this study

Primer set Primer name "l:;rr%gt Primer sequence 121[;1311“(:5;) T, (°C)*

Reaction 1 M. avium FWD-01 16S CCTCAAGACGCATGTCTTC 299 86.2 = 0.04
M. intracellulare FWD-02 16S GACCTTTAGRCGCATGTCTTT 301
MAC REV-02 16S ACCTACCGTCAATCCGAGAA
MTC FWD-01 ITS GCGAGAGCCGGGTGCATG 47 77.0 £ 0.04
MTC REV-01 ITS AACAGTGTGTTGGTGGCCAA
AFB genus FWD-06 16S CCGCAAGRCTAAAACTCAAA 149 80.2 to 82.9¢
AFB genus REV-01° 16S TGCACACAGGCCACAAGGGA

Reaction 2 MCAG FWD-01 ITS TAAGGAGCACCATTTCCCAG 128 774 £ 0.1
MCAG REV-01 ITS CGACGTTTTGCCGACTACC
MFG FWD-01 16S CCACGCGCTTCATGGTGT 286 85.8 £0.1
MFG FWD-02 16S CCGCGCTCTTCATGGGGT 286
MFG FWD-03 16S ACCACGCATTTCATGGTGT 287
MFG REV-01 16S ACTTGCGCTTCGTCCCTAT
AFB genus FWD-06 16S CCGCAAGRCTAAAACTCAAA 149 80.2 to 82.9¢
AFB genus REV-01” 16S TGCACACAGGCCACAAGGGA

“ The product T, values represent means + 95% confidence intervals.
b Also known as primer 264; adopted from a previous study (17).
¢ MFG, 81.5 = 0.1; M. mucogenicum, 82.4 = 0.2.
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the Mycobacterium genus, the genus peak can be minor or absent in the presence
of a complex- or group-specific target.

16S rRNA gene sequencing. Three microliters of genomic DNA was ampli-
fied in a 50-pl reaction mixture consisting of 0.5 pM of universal primers
TGGAGAGTTTGATCCTGGCTCAG and AAGGAGGTGATCCATC
CGCA and 1X HotStarTaq Plus Master Mix (Qiagen Inc., Valencia, CA).
The PCR was performed on a PE GeneAmp 9700 thermal cycler (Applied
Biosystems, Foster City, CA). The PCR conditions included a 95°C activation
step for 5 min, followed by 35 cycles of 95°C for 40 s, 60°C for 30 s, and 72°C
for 2 min and a final 72°C elongation step for 10 min. Eight microliters of the
PCR mixture was visualized on a 1% agarose gel for the presence of a 1.5-kb
amplicon. Cycle sequencing was performed in separate reaction volumes
consisting of 2 pM of primers GTTTGATYMTGGCTCAG, TGCCAGCAG
CCGCGGTAA, GGACTACCAGGGTATCTAAT, and TACCGCGGCTGC
TGGCAC plus 2 pl of BigDye Terminator mixture, 3 pl of 5X BigDye
Terminator buffer (Perkin-Elmer Applied Biosystems, Foster City, CA), and
10 wl of the diluted (1:6 in water) PCR mixture. The cycling conditions
included 25 cycles at 96°C for 10 s, 50°C for 5 s, and 60°C for 4 min. The
sequencing products were purified with a BigDye Xterminator purification kit
and were separated on an ABI 3730 genetic analyzer (Applied Biosystems).
The DNA sequences were assembled with Lasergene software (DNAStar,
Madison, WI) and were compared to those in the LeBIBI database (http:
/lumr5558-sud-strl.univ-lyonl.fr/lebibi/lebibi.cgi). A distance score of 0% to
less than 1% was used as the criterion for species identification.

Statistical analysis. The sensitivity, specificity, and accuracy of the multiplex,
real-time assay were calculated. Confidence intervals were calculated by using
the Student’s ¢ test.

RESULTS

We developed a multiplex, real-time PCR assay that can
identify 93% of the pathogenic mycobacteria recovered in the
Clinical Microbiology Laboratory of Stanford Hospital. The
assay was designed to detect the two most common slowly
growing mycobacteria, MTC and MAC, in one tube, and the
three most common rapidly growing mycobacteria, MCAG,
MFG, and M. mucogenicum, in a second tube. In addition, to
a control for the DNA extraction and reaction setup, each
primer mixture also contained a pair of primers specific for the
mycobacterial genus. The primer targets in the assay included
the ITSs for MTC and MCAG and the 16S rRNA genes for
MAC, MFG, M. mucogenicum, and the genus Mycobacterium.
The amplicons were detected with the reporter dye Sybr green,
and their specificities were determined by performing a DNA
melting curve analysis.

Initial assessment of the PCR primers was done in single-
plex, real-time PCR tubes with DNA templates from a col-
lection of mycobacterial reference strains (Table 1). The
sensitivities and the specificities of the individual primer sets
were confirmed (data not shown). Subsequent evaluation of
the primers in multiplex reactions (Table 2) showed that
only the expected PCR products were amplified from each
reference strain (Fig. 1 and data not shown). For example,
in reaction 1, a DNA template from M. tuberculosis pro-
duced a major peak with a 7,, of 77°C, which corresponded
to MTC, and a smaller peak with a T,, of 81°C, which
corresponded to the genus Mycobacterium (Fig. 1A). Simi-
larly, DNA from M. avium resulted in a major peak with a
T,, of 86.5°C and a smaller peak with a 7,, of 81°C, which
corresponded to MAC and the genus Mycobacterium, re-
spectively (Fig. 1B). Evaluations with all other NTM re-
sulted in a single peak for the genus Mycobacterium with T,,
values ranging from 80.2 to 82.9°C (Fig. 1C and Table 1). In
reaction 2, DNA from M. fortuitum and M. chelonae pro-
duced major peaks with 7,, values of 86°C and 77.5°C, which
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corresponded to MFG and MCAG, respectively (Fig. 1D
and E). Except for M. mucogenicum, which is distinguished
from MFG on the basis of its Mycobacterium genus T,,, all
other mycobacterial species produced only a single peak for
the genus Mycobacterium in reaction 2 (Fig. 1F and data not
shown). The higher efficiencies of complex- or group-spe-
cific primers compared with those of the Mycobacterium
genus-specific primers were demonstrated in the melting
curve plots for M. tuberculosis, M. avium, M. fortuitum, and
M. chelonae (Fig. 1). The occasional absence of the peak for
the Mycobacterium genus (Fig. 1D and E) did not affect the
interpretation of the results; if a PCR test reports the pres-
ence of a specific target, the target for the genus Mycobac-
terium must inherently be present.

To evaluate the performance of our multiplex, real-time
assay with clinical isolates, we blindly tested 314 isolates
recovered from 255 distinct clinical specimens from 233
patients. The isolates consisted of 254 cultures grown on
Middlebrook 7H11 agar and 60 primary MGIT cultures. For
comparison, the organisms in the cultures were identified by
the AccuProbe assay or HPLC at a reference laboratory and
consisted of 96 MTC isolates, 98 MAC isolates, 68 MCAG
isolates, 19 MFG isolates, 10 M. mucogenicum isolates, and
23 other mycobacteria, including 3 M. kansasii isolates (Ta-
ble 3). Of the 1,570 potential PCR targets for MTC, MAC,
MFG or M. mucogenicum, MCAG, and the genus Mycobac-
terium evaluated by the multiplex, real-time PCR, the results
for 11 targets, including 1 target for MAC, 1 target for M.
mucogenicum, and 9 targets for the genus Mycobacterium,
were excluded due to indeterminate results by PCR. How-
ever, the exclusion of only three of these results precluded
isolate identification because the results for the rest of the
targets included indeterminate genus targets which did not
interfere with isolate identification in the second reaction.
Of the remaining 1,559 targets evaluated, multiplex, real-
time PCR gave congruent results for 99.8% of the targets.
Multiplex, real-time PCR had sensitivities of 100% for
MTC, MCAG, and M. mucogenicum (after the exclusion of
one indeterminate result); 99% for MAC; and 95% for
MFG (Table 3). The specificities were 100% for MTC,
MAC, MCAG, and MFG and 99.7% for M. mucogenicum
(Table 3). The sensitivities for the MGIT cultures were
100% for MTC (n = 12), MAC (n = 30), MCAG (n = 5),
MFG (n = 2), and M. mucogenicum (n = 1). The specificity
for the MGIT cultures was 100% for all organisms. The
organisms in the two cultures misidentified by multiplex,
real-time PCR were further investigated by 16S rRNA se-
quencing. The MFG isolate misidentified as M. mucogeni-
cum was identified as M. alvei by 16S rRNA sequencing. M.
alvei is a member of the MFG (1) and therefore was truly
misidentified by PCR. However, the MAC isolate identified
as another acid-fast bacillus (AFB) (Table 3) by PCR was
shown to be M. paraffinicum by sequencing. This mycobac-
terium, which shares 99% sequence homology with M.
scrofulaceum (20, 34), was misidentified as MAC by the
AccuProbe assay.

In addition to evaluating ribosomal targets, we also tested
multiplexed primers targeting IS7/371 and DT1 for the identi-
fication of M. avium and M. intracellulare, respectively (9, 31).
The IS1311- and DT1-specific primers were 76% sensitive for
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FIG. 1. Melting curve analysis of amplicons obtained by multiplex, real-time PCR allows the identification of mycobacteria. Representative
reaction 1 melting curves for M. tuberculosis (A), M. avium (B), and M. fortuitum (C) and representative reaction 2 melting curves for M. chelonae
(D), M. fortuitum (E), and M. avium (F) are shown. Peaks corresponding to specific products are labeled.

the identification of the MAC isolates. The DT1-specific prim- fraction of the NTM in certain geographical locations, such as
ers failed to identify 13 isolates shown to be M. intracellulare by the southern region of the United States (4, 38), we tested the
use of the 16S rRNA-specific primers. specificity of our multiplex, real-time PCR assay with an addi-

Additionally, since M. kansasii isolates make up a significant tional 32 M. kansasii clinical isolates. In both reactions 1 and 2,

TABLE 3. Comparison of multiplex, real-time PCR results with AccuProbe or HPLC results for identification of 314 clinical isolates
of mycobacteria

No. of isolates with the following result:

PCR result MTC by MAC by MCAG by MFG by M. mucogenicum Other AFB
probe probe HPLC HPLC by HPLC by HPLC
MTC 96 0 0 0 0 0
MAC 0 96 0 0 0 0
MCAG 0 0 68 0 0 0
MFG 0 0 0 18 0 0
M. mucogenicum 0 0 0 14 9 0
Other AFB® 0 1¢ 0 0 0 22
Indeterminate” 0 1 0 0 1 1

¢ Identified as M. alvei by 16S rRNA sequencing.

> AFB for which PCR amplified only the mycobacterial genus target.

¢ Identified as M. paraffinicum by 16S rRNA sequencing.

4 The eight genus targets that did not interfere with isolate identification are not shown.
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only the Mycobacterium genus peak with T, values ranging
from 81.3 to 82.5°C was detected. None of these isolates was
falsely identified as one of our target organisms (MTC, MAC,
MCAG, MFG, or M. mucogenicum).

DISCUSSION

The rapid identification of mycobacteria in culture serves an
important role in clinical decision making and in public health
algorithms. For example, at our institution, an immunocom-
promised patient with risk factors for tuberculosis and a cul-
ture positive for mycobacteria would be treated with antibiotics
active against M. tuberculosis and NTM and placed in respira-
tory isolation until the organism was identified. Thus, rapid
identification of the organism not only would shorten unnec-
essary antibiotic exposure but also could prevent the financially
and emotionally costly placement of an individual in respira-
tory isolation (16). Similarly, the rapid identification of the
organism in cultures of lymph node tissue specimens from
children would determine whether they would be treated med-
ically for M. tuberculosis lymphadenitis (2) or whether they
would undergo surgical resection for NTM lymphadenitis (12).
In these examples, the elimination of a member of the MTC as
the causative organism and the identification of the etiologic
NTM would drastically change the therapeutic approach and
the type of clinical management used.

At our institution, 93% of the pathogenic mycobacterial
isolates consist of MAC (47%), MCAG (22%), MTC (15%),
MFG (5%), and M. mucogenicum (4%). This epidemiology
seems to slightly differ from that reported for other geograph-
ical locations where M. kansasii is more common (24). At
present, there is no single commercially available molecular
test in the United States that can rapidly and easily identify
these isolates. To address the diagnostic deficiency, we devel-
oped a simple multiplex, real-time PCR assay that can identify
all of these mycobacteria in two parallel reactions in less than
2 h. This assay was designed to detect MTC, MAC, and the
genus Mycobacterium in one reaction and MCAG, MFG, M.
mucogenicum, and the genus Mycobacterium in a second reac-
tion. The reactions were divided to identify the slowly growing
MTC and MAC and the rapidly growing MCAG, MFG, and M.
mucogenicum. While the growth rate on solid medium would
suffice to assign the isolates between these broad groups, it was
essential to run both reactions in parallel to determine the 7,,
for the Mycobacterium genus control amplicon. The primers
specific for the genus Mycobacterium served two purposes in
our assay: first, to serve as a positive internal control to estab-
lish amplification of mycobacterial genomic DNA in the ab-
sence of a complex-specific target versus a failed reaction;
second, to correlate the species identification with another
value, since some mycobacteria have a characteristic genus
control 7,, (Table 1). This was crucial for the identification of
M. mucogenicum, which amplifies with the MFG-specific prim-
ers but which can be differentiated from MFG on the basis of
the higher 7, of its Mycobacterium genus amplicon (82.4 and
81.5°C, respectively).

The PCR targets in our assay included the rRNA genomic
sequences, which are highly stable and which are unlikely to
undergo deletions, as is known to occur with insertion se-
quences (27). The multiplex, real-time PCR assay was shown to
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be highly sensitive and specific when it was used to blindly test
the organisms in 314 clinical cultures (Table 3). In addition to
evaluating ribosomal RNA gene-specific primers, we also
tested multiplexed primers targeting IS/377 and DT1 for the
identification of M. avium and M. intracellulare, respectively (9,
31). These sequences are thought to be specific for M. avium
and M. intracellulare, respectively, and DT1 has previously
been used to identify M. intracellulare by PCR (10). However,
unlike ribosomal primers, which were 100% sensitive, the
IS1311- and DT1-specific primers were 76% sensitive for the
identification of the MAC isolates. Furthermore, the DT1-
specific primers failed to identify isolates shown to be M. in-
tracellulare with our 16S rRNA-specific primers. Thus, these
findings suggest that DT1 may not be a stable target for the
identification of M. intracellulare.

The multiplex, real-time PCR assay that we have developed has
distinct advantages over existing commercial assays for the iden-
tification of mycobacteria. Currently, mycobacteria are commonly
identified by biochemical means (6, 33); HPLC analysis of the
mycolic acids (13); gene sequencing (17); singleplex, real-time
PCR, such as PCR with the RealArt Mycobact Diff kit (Qiagen,
Hamburg, Germany) (3); or assays with commercially available
hybridization probes, such as the AccuProbe assay (Gen-Probe)
(37), the INNO-LIiPA line probe assay (Innogenetics, Ghent, Bel-
gium) (20), or the GenoType assay (Hain Lifescience, Nehren,
Germany) (28). All methods have advantages and limitations.
Biochemical tests require live organisms, which pose a hazard to
laboratory staff and which require examination of the cultures for
several days to weeks, which can delay identification (33). HPLC
is relatively simple and diagnostic, but it requires expertise and
dedicated instrumentation, which may not be available in a basic
clinical microbiology laboratory (13). DNA sequencing is robust
and accurate (17), but it is time-consuming; it requires one round
of PCR and one round of cycle sequencing, followed by analysis,
as opposed to the single round of PCR and concurrent analysis
afforded by real-time PCR. Although the assay performed with
the RealArt Mycobact Diff kit is a real-time PCR assay, it is
limited to the identification of MTC and MAC and it is not
commercially available in the United States. Finally, hybridization
probes are highly sensitive and specific and are easy to use, but
they are limited in scope; the commercially available AccuProbe
assay in the United States can detect only MTC, MAC and its
members, M. kansasii, and M. gordonae (37) but not any of the
rapidly growing mycobacteria. The INNO-LiPA and GenoType
assays are broader in their identification scopes (20), but they are
not commercially available in the United States.

A number of studies have previously described the applica-
tion of in-house PCR assays to the identification of mycobac-
teria from culture. Methods commonly employed include
monoplex and multiplex, conventional PCR for the identifica-
tion of MTC and MAC (18, 30) and singleplex and multiplex,
real-time PCR for the identification of MTC and NTM (3, 7,
19, 21, 25, 29, 32, 35). PCR-restriction analysis has also been
used for the identification of rapidly growing mycobacteria
(36). The gel-based PCR assays are laborious and are prone to
error and contamination due to postamplification handling.
The real-time PCR assay that we describe here is simple, rapid,
and appropriate in scope for the routine mycobacteriology
laboratory. It facilitates the accurate identification of com-
monly encountered slowly growing and rapidly growing myco-
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bacteria and guides reflex testing for the definitive identifica-
tion of mycobacteria not identified by this assay. A limitation of
this assay is that it does not meet the needs of laboratories in
geographical regions with high rates of occurrence of M. kan-
sasii infections (4, 38). However, given the simple design of this
assay, it would be possible to replace or add primer sets to
meet the individual needs of those laboratories. Similarly, in
laboratories with high rates of drug-resistant M. tuberculosis, it
is also possible to perform genotypic drug susceptibility testing
on the same real-time PCR platform (22). When indicated,
laboratories can also determine the species of mycobacterial
complexes on the same real-time PCR instrument (5, 26).
Given that real-time PCR instruments are becoming a com-
mon item in clinical microbiology laboratories, PCR-based as-
says will be useful in meeting the diagnostic needs of myco-
bacteriology.
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