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The genus Mycobacterium comprises more than 150 
species and subspecies (Euzéby 2012). The Mycobacte-
rium tuberculosis complex (MTC) causes tuberculosis 
(TB), whereas nontuberculous mycobacteria (NTM) can 
cause mycobacteriosis. M. tuberculosis infection remains 
the leading cause of deaths related to infectious diseases 
worldwide, as this bacterium causes over eight million 
cases of TB and 1.4 million deaths annually (WHO 
2012). NTM includes pathogenic, potentially pathogenic 
and saprophytic bacteria that are ubiquitous in the en-
vironment and have been associated with opportunistic 
diseases (Katoch 2004, Falkinham 2009). Indeed, in ad-
dition to multidrug-resistant strains of M. tuberculosis, 
NTM are becoming increasingly important as human 
pathogens. These mycobacteria are responsible for a 
variety of clinical manifestations, including pulmonary, 
lymphatic, soft tissues and disseminated infections, as 
well as nosocomial outbreaks related to the inadequate 
sterilisation of solutions and medical devices (Katoch 

2004, Duarte et al. 2009). The infections caused by NTM 
are clinically indistinguishable from those caused by M. 
tuberculosis, although the therapeutic regimen differs 
between the MTC and NTM, even among different spe-
cies of NTM. Thus, early identification followed by ap-
propriate treatment is essential for the effective control 
of these diseases (Griffith et al. 2007).

The traditional identification of mycobacterial spe-
cies is based on an analysis of phenotypic and bio-
chemical characteristics using methods that are labour 
intensive, time consuming and poorly discriminative. 
These methods may take up 60 days and may result in 
ambiguous or erroneous identification. Molecular tests 
have been described as a rapid, highly discriminative 
and easy-to-perform alternative for mycobacterial iden-
tification. However, although easy to perform, commer-
cially available tests based on DNA probes, such as the 
INNO-LiPA Mycobacteria Assay (Innogenetics, Bel-
gium), AccuProbe (Gen-Probe, USA) and the GenoType 
Mycobacterium Assay (Hain Lifescience, Germany), are 
still too expensive, especially for developing countries. 
Direct gene sequencing is highly specific in discrimi-
nating mycobacterial species, but requires sophisticated 
equipment, hampering its use in routine laboratories 
(Leão et al. 2005, Neonakis et al. 2008).

Telenti et al. (1993) have described a molecular 
method based on restriction analysis of the hsp65 gene, 
named PRA-hsp65, which consists of the amplification 
of a 441 bp fragment of the hsp65 gene, followed by re-
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The identification of mycobacteria is essential because tuberculosis (TB) and mycobacteriosis are clinically 
indistinguishable and require different therapeutic regimens. The traditional phenotypic method is time consum-
ing and may last up to 60 days. Indeed, rapid, affordable, specific and easy-to-perform identification methods are 
needed. We have previously described a polymerase chain reaction-based method called a mycobacteria mobility 
shift assay (MMSA) that was designed for Mycobacterium tuberculosis complex (MTC) and nontuberculous myco-
bacteria (NTM) species identification. The aim of this study was to assess the MMSA for the identification of MTC 
and NTM clinical isolates and to compare its performance with that of the PRA-hsp65 method. A total of 204 clinical 
isolates (102 NTM and 102 MTC) were identified by the MMSA and PRA-hsp65. For isolates for which these meth-
ods gave discordant results, definitive species identification was obtained by sequencing fragments of the 16S rRNA 
and hsp65 genes. Both methods correctly identified all MTC isolates. Among the NTM isolates, the MMSA alone 
assigned 94 (92.2%) to a complex or species, whereas the PRA-hsp65 method assigned 100% to a species. A 91.5% 
agreement was observed for the 94 NTM isolates identified by both methods. The MMSA provided correct identifica-
tion for 96.8% of the NTM isolates compared with 94.7% for PRA-hsp65. The MMSA is a suitable auxiliary method 
for routine use for the rapid identification of mycobacteria.
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striction analysis with the enzymes BstEII and HaeIII. 
The interpretation of the results is performed by follow-
ing an algorithm available online (app.chuv.ch/prasite). 
The PRA-hsp65 method is rapid and simple and has 
the potential to be implemented in clinical laboratories 
(Telenti et al. 1993, Leão et al. 2005). In fact, this method 
has been employed for TB diagnosis in several reference 
clinical laboratories in Brazil (Chimara et al. 2008).

We have previously described a polymerase chain re-
action (PCR)-based method called a mycobacteria mobil-
ity shift assay (MMSA) that was designed for MTC and 
NTM species identification (Waléria-Aleixo et al. 2000). 
Mycobacterial species identification by the MMSA is 
based on micro-heterogeneities in nucleotide sequences 
of the 16S rRNA gene. These micro-heterogeneities can 
be evaluated based on the mobility of heteroduplexes 
formed between 1,027 bp DNA fragments of the 16S 
rRNA mycobacterial gene from a test sample and from 
reference mycobacteria. Heteroduplexes are formed by 
mixing, denaturing and re-annealing PCR-amplified 
DNA from the test sample with amplified DNA from the 
reference mycobacteria and their motilities analysed on 
denaturing polyacrylamide gels. Here, we compare the 
MMSA with the PRA-hsp65 method.

SUBJECTS, MaterialS AND Methods

Clinical samples - A total of 204 (102 MTC and 102 
NTM) mycobacterial isolates were included for identifi-
cation by the MMSA and the PRA-hsp65 method. All iso-
lates, which were grown in Löwenstein-Jensen or liquid 
medium (Mycobacteria Growth Indicator Tube - MGIT®, 
BD), were provided by the Central Public Health Labora-
tory of Santa Catarina State, Florianópolis, Brazil (TB 
reference laboratory in the state of Santa Catarina). The 
phenotypic distinction between the MTC and NTM was 
performed by macroscopic culture analysis (morphology 
and pigmentation), microscopic culture analysis (cord 
formation by isolates in liquid medium) and an inhibition 
test in para-nitrobenzoic acid medium (MS 2008).

This study was approved by the Human Research 
Ethical Committee of the Federal University of Santa 
Catarina under protocol 171/2001 on 17 December 2001. 
The agreement was forwarded to the Brazilian National 
Human Research Ethical Committee.

DNA extraction - DNA extraction from bacterial cul-
tures was performed using 5 M guanidine (Lippke 1987). 
Briefly, a loopful of each culture was added to 1 mL of 
5 M guanidine [5 M guanidine isothiocyanate (Sigma-
Aldrich, USA); 0.1 M Tris (Promega, USA), pH 6.4; 0.5 
M ethylenediamine tetraacetic acid (EDTA) (Bio-Rad, 
USA), pH 8.0 and 1.3% Triton X-100 (Amresco, USA)] 
and the mixture was shaken overnight at room tempera-
ture. In total, 50 μL of silica solution (Sigma, USA) was 
added and after homogenisation, the pellet was washed 
twice in washing solution (5 M guanidine isothiocyanate 
and 0.1 M Tris, pH 6.4), twice in 70% ethanol (Sigma-
Aldrich) and once in acetone (Sigma-Aldrich). The pellet 
was dried at 56ºC and rehydrated in 35 µL of Tris-EDTA 
buffer (10 mM Tris and 1 mM EDTA, pH 7.4) for DNA 
elution. The eluted DNA was stored at -20ºC until use.

Standard bacterial strains and panel of reference 
plasmids for MMSA - To obtain a panel of reference plas-
mids for the MMSA, mycobacterial DNA extracted from 
standard cultures was used as a template for PCRs with 
primers F-285/Myc-264 to amplify a 1,027 bp fragment 
of the mycobacterial 16S rRNA gene. The mycobacte-
rial standard cultures used were Mycobacterium avium 
(ATCC25291), Mycobacterium fortuitum (ATCC6841), 
Mycobacterium kansasii (ATCC12478), Mycobacterium 
gordonae, Mycobacterium abscessus, Mycobacterium 
terrae, M. tuberculosis H37Rv and Bacille Calmette-
Guérin (BCG). The last two indistinctly represent the 
MTC and have identical 16S rRNA gene sequences (Böd-
dinghaus et al. 1990). The M. gordonae, M. abscessus 
and M. terrae strains were kindly supplied by the Cen-
tral Public Health Laboratory of Santa Catarina State. 
These strains were identified in the National Reference 
Laboratory for TB. Before use, our group sequenced the 
strains. DNA from Escherichia coli (ATCC25922) was 
used as a negative control. The amplicons were puri-
fied (QIAquick Gel Extraction Kit, Qiagen) and cloned 
into the pGEMT vector (Promega). All inserts were 
sequenced in both directions (MegaBACE 1000, GE 
Healthcare, Buckinghamshire) and the sequences were 
analysed using BLASTN to confirm the identity of the 
mycobacteria (Altschul et al. 1990).

MMSA - PCR amplification of a 1,027 bp highly con-
served region of the 16S rRNA gene that is present in all 
mycobacteria (GenBank access X58890) was performed 
for all 204 isolates and standards using the primers 
F-285 (5’-AGAGTTTGATCCTGGCTCAG-3’) (Rogall 
et al. 1990, Waléria-Aleixo et al. 2000) and Myc-264 (3’-
TGCACACAGGCCACAAGGGA-5’) (Böddinghaus et 
al. 1990, Waléria-Aleixo et al. 2000). PCR assays were 
performed in a final volume of 50 µL using 1.25 U of 
Taq DNA polymerase, 1.5 mM MgCl2, 0.2 mM of each 
deoxynucleotide triphosphates (all from Invitrogen), 10 
pmol of each primer (Alpha DNA, Canada) and 1% di-
methyl sulfoxide (Sigma-Aldrich). As a positive control, 
0.3 ng of the pGEMT plasmid containing the 1,027 bp of 
the 16S rRNA gene from BCG was used. Two negative 
controls were included: one with no DNA template and 
one containing 0.5 ng of E. coli DNA. The PCR con-
ditions were 94ºC for 1 min, 60ºC for 1 min and 72ºC 
for 1 min for 35 cycles and one final elongation cycle at 
72ºC for 10 min. Aliquots of the PCR products were ana- 
lysed by 1% agarose gel electrophoresis and visualised by 
ethidium bromide staining under ultraviolet (UV) light.

The MMSA was performed as previously described 
(Waléria-Aleixo et al. 2000), with minor modifications, 
as follows. First, 6 µL of the PCR product of each test 
sample and 6 µL of the PCR product of a reference plas-
mid were added to a tube containing 1.2 µL of 10X an-
nealing buffer [1 mM NaCl (Merck, Germany); 100 mM 
Tris-HCl, pH 7.8 (Sigma-Aldrich) and 20 mM EDTA 
(Sigma-Aldrich)]. The PCR products (unknown sample 
x reference plasmid) were mixed to the same concentra-
tion (maximum 450 ng and minimum 50 ng). The mix-
ture was heated to 94ºC for 3 min, cooled in an ice bath 
and then electrophoresed in a denaturing 3% urea plus 
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5% polyacrylamide gel at 200 V (between 55-100 mA) 
in 1X tris/borate/EDTA buffer for 55 min. Gels were 
stained with ethidium bromide and photographed under 
UV light. Possible mixed infections can be observed by 
performing the MMSA on a pure sample, without mix-
ing with plasmid.

Possible contamination of the PCR mixture with the 
undigested plasmids used as templates can be circum-
vented in the clinical laboratory by adopting good labo-
ratory practices and by observing guidelines followed by 
researchers using PCR. These measures include dedicat-
ed rooms for the pre-PCR activities (sample preparation 
and PCR preparation) and the post-PCR activities (PCR 
execution and analysis). Each room must have its own 
separate set of equipment, including pipettors, reagents, 
pipettor tips and racks.

PRA-hsp65 - PCR amplification of a 441 bp frag-
ment from the hsp65 gene was performed for all isolates 
using the primers TB11 (5’-ACCAACGATGGTGT-
GTCCAT-3’) and TB12 (5’-CTTGTCGAACCGCATAC-
CCT-3’), as described (Telenti et al. 1993). The amplicons 
were digested separately with 10 U of BstEII (Promega) 
or HaeIII (Invitrogen, USA). The resulting restriction 
fragments were resolved by electrophoresis in a 3% aga-
rose gel. Gels were stained with ethidium bromide and 
photographed under UV light. As references for DNA 
sizing, 50 bp and 25 bp ladders (Invitrogen) were used. 
The PRA-hsp65 patterns were analysed by visual com-
parison with the ladders and interpreted following an al-
gorithm available at the PRASITE (app.chuv.ch/prasite).

DNA sequencing - All 16S rRNA and hsp65 PCR 
products of the isolates that presented discordant re-
sults between the two methods were sequenced using 
a DYEnamic® ET Dye Terminator Kit (GE Healthcare) 
for definite species identification. The cycle sequencing 
conditions were 95ºC for 25 sec and 35 cycles at 95ºC 
for 15 sec and 60ºC for 80 sec. The sequencing products 
were purified by 70% isopropanol (Sigma-Aldrich) pre-
cipitation and then analysed on MegaBACE 1000 DNA 

Analysis System (GE Healthcare). The trace files were 
initially submitted to the Phred/Phrap/Consed pack-
age (phrap.org) and the sequences were analysed using 
BLASTN to confirm the identity of the mycobacteria.

RESULTS

Fig. 1 shows an MMSA gel illustrating the homodu-
plexes formed when PCR products from the same species 
of mycobacterium are mixed, showing one band on the bot-
tom of the gel (Lanes 1, 3, 6). In contrast, when there are 
distinct species in the mixture, heteroduplexes are formed, 
showing a shift in urea-PAGE that can be visualised as two 
or more bands, as observed in Lanes 2, 4, 5, 7.

All 204 isolates were analysed by the MMSA method 
and by the PRA-hsp65 method. As an example, Fig. 2 
shows the results for the identification of a mycobacteri-
al culture (named ID59 here) as M. avium by both meth-
ods. In Fig. 2A, heteroduplex bands, which define non-
identity between samples, are observed in Lanes 2-4, 6, 
in which ID59 was mixed with BCG, M. kansasii, M. 
fortuitum and M. gordonae, respectively. The mixture of 
ID59 plus M. avium formed a homoduplex band (Lane 
5), indicative of a perfect match between these DNA se-
quences. Fig. 2B illustrates the restriction fragments of 
the hsp65 gene obtained using BstEII and HaeIII and 
analysis also identified this isolate as M. avium.

Comparing the results obtained by the MMSA and 
PRA-hsp65 methods, we verified that both methods cor-
rectly identified all 102 MTC isolates (100% agreement).

Among the 102 NTM isolates, the MMSA method 
alone assigned 94 isolates (92.2%) to a complex, group 
or species, whereas the PRA-hsp65 method assigned 102 
isolates (100%) to a species. Considering the 94 NTM 
isolates identified by the MMSA and PRA-hsp65, we 
observed 91.5% (86/94) agreement and these identifica-
tions were presumed to be correct (Table I).

Regarding the eight samples with inconclusive iden-
tification by the MMSA (Mycobacterium hiberniae, M. 
terrae, Mycobacterium szulgai, Mycobacterium kubicae 

Fig. 1: visualisation of homoduplexes and heteroduplexes DNA bands 
in a mycobacteria mobility shift assay (MMSA) gel. The homodu-
plexes and heteroduplexes from MMSA performed with distinct 
mycobacterial species were resolved in a urea-polyacrylamide gel 
stained by ethidium bromide. Lane 1: Bacille Calmette-Guérin (BCG) 
only; 2: BCG + Mycobacterium avium; 3: M. avium only; 4: BCG + 
Mycobacterium kansasii; 5: BCG + Mycobacterium fortuitum; 6: M. 
fortuitum only; 7: BCG + Mycobacterium gordonae.

Fig. 2: identification of a clinical sample (named ID59) as Mycobac-
terium avium by mycobacteria mobility shift assay (MMSA) (A) and 
PRA-hsp65 (B). A Lane 1: ID59 only; 2: ID59 + Bacille Calmette-
Guérin; 3: ID59 + Mycobacterium kansasii; 4: ID59 + Mycobacterium 
gordonae; 5: ID59 + M. avium; 6: ID59 + Mycobacterium fortuitum; 
B Lane 1: 25 bp DNA ladder; 2: BstEII restriction fragments of hsp65 
gene (235 bp, 210 bp, 0 bp); 3: 50 bp DNA ladder; 4: HaeIII restriction 
fragments of hsp65 gene (130 bp, 105 bp, 0 bp); 5: 25 bp DNA ladder.
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and Mycobacterium simiae), it is fair to mention that 
none of these mycobacterial DNAs was included in our 
panel of reference plasmids for the MMSA.

Among the eight isolates with discordant identifica-
tion, none of them presented a profile of mixed infec-
tion. DNA sequencing confirmed the MMSA results 
in five cases and the PRA-hsp65 results in three cases 
(Table II). Thus, the MMSA provided correct species 
identification of 96.8% of isolates identified by both 
methods (91/94) and PRA-hsp65 provided correct iden-
tification for 95% (97/102), with no significant statisti-
cal difference between these methods (p = 0.847, Fish-
er’s exact test).

The NTM most commonly associated with clinical-
ly significant disease in Brazil (M. avium complex, M. 
fortuitum group, Mycobacterium chelonae-abscessus 
group and M. kansasii) represented 86.3% of the 102 
NTM isolates in this study. The MMSA provided cor-
rect identification for 98.9% of these samples and PRA-
hsp65 correctly identified 94.3% (p = 0.943, Fisher’s ex-
act test). All of the inconclusive results provided by the 
MMSA corresponded to other species.

DISCUSSION

It is well known that the mycobacterial treatment 
protocol depends on the species isolated. Despite a 
considerable increase in the number of cases of and in 
knowledge about NTM infections, these infections still 
represent a diagnostic and therapeutic challenge (Grif-
fith et al. 2007, Piersimoni & Scarparo 2009). Further-
more, although well recognised as agents of mycobac-
terial diseases in developed countries, the role of NTM 
in developing countries is not clear. Because TB is life 
threatening and usually endemic in these areas, patients 
are presumptively treated for TB. This strategy may be 
attributed to the limited resources and availability of 
laboratory facilities to culture and identify mycobacteria 
(Gopinath & Singh 2010, Satyanarayana et al. 2011, Mai-
ga et al. 2012). Despite the advanced techniques avail-
able for mycobacterial identification, such as DNA se-
quencing and commercially available probe-based tests, 
these methods are still too expensive to be used routinely 
in Brazilian public laboratories. Thus, it is necessary to 
develop simple, rapid, low-cost and reliable methods that 

TABLE II
Species identification by DNA sequencing of eight isolates  

with discordant results between mycobacteria mobility shift assay (MMSA) and PRA-hsp65 methods

Sample PRA-hsp65 MMSA Sequencing Correct method

ID07 Mycobacterium bohemicum Mycobacterium fortuitum complex M. bohemicum PRA-hsp65
ID12 Mycobacterium avium Mycobacterium kansasii M. kansasii MMSA
ID24 Mycobacterium szulgai Mycobacterium terrae complex M. szulgai PRA-hsp65
ID37 M. bohemicum M. fortuitum complex Mycobacterium peregrinum MMSA
ID45 M. avium M. kansasii M. avium PRA-hsp65
ID54 M. avium M. fortuitum complex M. fortuitum MMSA
ID76 M. bohemicum M. fortuitum complex M. peregrinum MMSA
ID80 M. avium M. kansasii M. kansasii MMSA

TABLE I
Species identification of 86 isolates of nontuberculous mycobacteria  

with concordant results by both mycobacteria mobility shift assay (MMSA) and PRA-hsp65 methods

PRA-hsp65 MMSA
Isolates
n (%)

Mycobacterium avium M. avium complex 39 (45.3)
Mycobacterium intracellulare M. avium complex 6 (7)
Mycobacterium abscessus M. chelonae-abscessus group 13 (15.2)
Mycobacterium chelonae M. chelonae-abscessus group 3 (3.5)
Mycobacterium kansasii M. kansasii 6 (7)
Mycobacterium fortuitum M. fortuitum group 11 (12.8)
Mycobacterium porcinum/Mycobacterium peregrinum/Mycobacterium septicum M. fortuitum group 4 (4.6)
Mycobacterium gordonae M. gordonae 4 (4.6)
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can be implemented in routine laboratories (Leão et al. 
2005). Currently, reference laboratories in Brazil are 
trained to perform PRA-hsp65, but have the technical 
capacity to perform other methodologies in house.

The MMSA is a simple method to perform; does 
not require expensive and sophisticated equipment and, 
more importantly, enables a significant decrease in the 
turnaround time for the identification of mycobacte-
rial species because identification can be achieved in 
only 2 h after PCR amplification. When compared with 
PRA-hsp65, the MMSA proved to be a rapid and reliable 
method to identify the MTC and NTM. This method pro-
vided correct species identification for 96.8% of isolates 
identified by both methods and PRA-hsp65 provided 
correct identification for 95%. All of the inconclusive 
results provided by the MMSA corresponded to species 
with low clinical significance that were not included as 
reference plasmids in the MMSA experiments, as previ-
ously mentioned.

The 16S rRNA gene sequences of the samples with 
incorrect identification by the MMSA were aligned 
with the reference sequences used in this method. When 
aligned with the M. fortuitum reference sequence used 
in the MMSA, ID07 showed 4.82% non-identity with 
this species. When aligned with the M. terrae reference 
sequence, ID24 (M. szulgai) showed 4% non-identity, 
whereas ID45 (M. avium) showed 1.8% non-identity 
with M. kansasii. Thus, the incorrect identifications pro-
vided by the MMSA were related to species that showed 
similarity greater than 95%.

Despite the large number of mycobacterial species 
described so far, their clinical significance still needs to 
be assessed (Esfahani et al. 2012, Shi et al. 2012). The 
main NTM species associated with clinically significant 
disease in Brazil are M. avium, Mycobacterium intracel-
lulare, M. fortuitum, M. kansasii, M. abscessus and M. 
chelonae (Chimara et al. 2008, Pedro et al. 2008). When 
these species were evaluated in the present study, the 
MMSA provided correct identification for 98.9% of the 
samples. Another Brazilian study identified less typical 
NTM as a cause of lung disease, although these species 
were found at a minor frequency (de Lima et al. 2013).

Because different reports of mycobacterial species 
might be related to different geographical conditions 
and studied populations, the identification of other spe-
cies could be important to specific areas. For example, 
Mycobacterium xenopi and Mycobacterium malmoense 
are commonly described in Europe (Grubek-Jaworska 
et al. 2009, Andréjak et al. 2010). Although the MMSA 
performed here was able to identify seven species and 
complexes (M. tuberculosis complex, M. avium com-
plex, M. fortuitum group, M. kansasii, M. gordonae, M. 
terrae complex and M. abscessus group), this limitation 
can be overcome with the standardisation of other my-
cobacterial species as standards in the reaction. Indeed, 
the plasticity of the MMSA method for mycobacterial 
identification is remarkable.

PRA-hsp65 correctly identified 95% of the 102 NTM 
isolates. Similar results were reported by other studies 
that evaluated this method (Häfner et al. 2004, Chimara 

et al. 2008). The PRA-hsp65 method is rapid and simple 
to perform and the main drawbacks of its use are gen-
erally related to electrophoresis conditions and to the 
interpretation of band sizes when species present simi-
lar patterns (Leão et al. 2005). In the present study, all 
samples that were incorrectly identified by PRA-hsp65 
were reviewed and the same patterns were observed. 
Moreover, it is possible to find undescribed hsp65 pat-
terns. This method has been improved since its initial 
development and the revised algorithms allow the iden-
tification of more mycobacterial species (Telenti et al. 
1993, da Silva-Rocha et al. 2002, Chimara et al. 2008). 
The MMSA also needs a degree of standardisation in 
electrophoresis conditions, but its simple band patterns 
are easy to interpret and no algorithm is required to dif-
ferentiate between species. Furthermore, the use of re-
striction enzymes is not necessary.

The MMSA is not able to distinguish species of 
M. avium complex, M. abscessus group and M. fortui-
tum group. Mycobacterial species identification by the 
MMSA is based on micro-heterogeneities in 16S rRNA 
nucleotide sequences, but does not have sufficient sen-
sitivity to detect differences between closely related 
species. The accurate identification of mycobacteria is 
becoming more complex, mainly because of the increase 
in the number of described species. This number is still 
increasing with the development of highly discrimina-
tory techniques, such as DNA sequencing (Leão et al. 
2005). Regarding clinical management, species belong-
ing to the same complex require the same therapeu-
tic regimen, except for M. abscessus and M. chelonae 
(Griffith et al. 2007). Therefore, despite its relatively low 
power to discriminate between closely related species, 
the MMSA could help clinicians in making therapeutic 
decisions about related diseases. The MMSA may be 
used as a screening assay and if necessary, NTM could 
further analysed by PRA-hsp65 or sequencing. Prelimi-
nary data showed that the MMSA also has the potential 
to identify mycobacteria directly from a clinical sample 
(data not shown). Indeed, this is an important feature of 
the MMSA because it is not necessary to isolate the bac-
teria to perform the test, which significantly reduces the 
turnaround time for mycobacterial identification.

Our results indicate that the MMSA is a reliable 
method for the identification of mycobacteria in culture 
isolates. Despite its relatively low discriminatory power, 
this disadvantage is compensated for by the clinical rel-
evance of the MMSA’s results and the overall simplicity 
of the technique. We believe that this method has great 
potential to be implemented as a screening assay in di-
agnostic laboratories, mainly in TB-endemic areas, to 
assess the real role of NTM in these areas.
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