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ABSTRACT During the last decade, many investigators have studied matrix-assisted
laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) for
identification of mycobacteria. Diverse and contradictory results indicated that opti-
mal level for routine testing has not been reached yet. This work aimed to assess Vi-
tek MS through two distinct versions, Saramis v4.12 RUO and the IVD v3.0, under
conditions close to routine laboratory practice. Overall, 111 mycobacterial isolates
were subjected to protein extraction and same spectra were matched against both
databases. The IVD v3.0 database proved to be superior to Saramis v4.12 and its
identification rates remarkably increased, from 67% to 94% for isolates grown on
Middlebrook 7H10 solid medium and from 62% to 91% for isolates grown on myco-
bacterial growth indicator tube (MGIT) liquid medium. With this new version, IVD
v3.0, MALDI-TOF MS might be integrated into routine clinical diagnostics, although
molecular techniques remain mandatory in some cases.

KEYWORDS MALDI-TOF mass spectrometry, Mycobacterium spp., genotypic
identification, phenotypic identification

he genus Mycobacterium consists of 177 species whose taxonomy has constantly

been evolving over the past few decades. The major causes of morbidity and
mortality are due to mycobacteria belonging to the Mycobacterium tuberculosis com-
plex (MTC), with 9.6 million people newly infected and 1.5 million people dying from
tuberculosis every year (1). Nontuberculous mycobacteria (NTM) comprise a large
group of organisms widely present in the environment and considered opportunistic
pathogens causing pulmonary, soft tissue, lymphatic, and disseminated infections (2).
Species such as M. abcsessus, M. xenopi, and M. chimaera have also been involved in
nosocomial outbreaks (3-6). An accurate identification (ID) of NTM is, then, important
for epidemiological and public health and for therapeutic reasons. Species identifica-
tion is especially essential in diagnosis of M. avium complex (MAC) lung disease to
differentiate transient colonization by different species from chronic pulmonary infec-
tion (2). Identification of mycobacterial isolates has traditionally been based on phe-
notypic characteristics and conventional biochemical tests, which were complex and
required long incubation times. More recently, molecular methods such as DNA se-
quencing and DNA hybridization have become the new “gold standards” for mycobac-
terial identification. Although these techniques are fast and specific ways of identifying
main Mycobacterium spp., they remain expensive, are available for only a limited
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number of common species, and require a high level of technical expertise. The
limitations encountered with currently available methods led several investigators to
suggest the use of matrix-assisted laser desorption ionization-time of flight mass
spectrometry (MALDI-TOF MS) as an alternative strategy. MALDI-TOF MS is now pre-
dominant in an increasing number of clinical laboratories (7). This technique is quite
simple and cost-effective (8) and allows rapid identification of organisms on the basis
of spectral fingerprints produced by extracted proteins. It was initially evaluated with
mycobacterial intact cells (9-12), but several investigators worked on improving in-
activation and protein extraction (13-20). Most published studies assessed the perfor-
mance of MALDI-TOF BioTyper (Bruker Daltonics, Bremen, Germany) (15, 17, 19-31).
Few of them evaluated Vitek MS (bioMérieux, Marcy I'Etoile, France) (16, 17, 20, 24, 25,
32). Performances ranged widely, from 0% (24) to 94.4% (17) correct identifications
depending on database versions, algorithms, and media (liquid or solid) used. We
aimed to assess identification of Mycobacterium spp. from both liquid and solid media
through two distinct databases: the Saramis v4.12 Vitek MS-Plus RUO (research use
only) open database and the v3.0 CE-marked In Vitro Diagnostic (IVD). To our knowl-
edge, IVD v3.0 has been evaluated only for mycobacteria growing from solid media
(20). We aimed to establish the performance of this technique in the routine clinical
microbiology laboratory and to highlight its limits.

(The data in this article were partially presented in poster format at the 55th
International Conference on Antimicrobial Agents and Chemotherapy, 18 to 21 Sep-
tember 2015, San Diego, CA))

RESULTS

Nonviability assays. None of the 5 isolates tested to confirm organism inactivation
grew. Fifteen minutes of cell disruption in alcoholic suspension and 10 min of inacti-
vation time rendered Mycobacterium tuberculosis nonviable. We therefore confirm the
data provided by bioMérieux through their certificate of inactivation.

Comparison of the Saramis v4.12 and IVD v3.0 databases for mycobacterial
identification. We assessed the performance of the two Vitek MS databases, Saramis
v4.12 and IVD v3.0, for the identification of 111 mycobacterial isolates cultivated on
Middlebrook 7H10 solid medium (Table 1) and 108 isolates cultivated in mycobacterial
growth indicator tube (MGIT) liquid medium (Table 2). The Saramis database correctly
identified 67% and 62% of isolates from 7H10 and MGIT, respectively: 39% and 40% to
the species level and 28% and 22% to the complex level. Among these correct
identifications, 66% and 54% reached a high level of confidence (>90% of homology
with superspectra [SS; see Materials and Methods]), 20% and 26% a medium to low
level of confidence (75 to 90% of homology with SS), and 14% and 20% matched only
with reference spectra (<75% of homology with SS). Despite three distinct extractions
performed on different days, 33% and 37% of isolates remained unidentified from solid
and liquid media, respectively, although the corresponding species are present in the
library of the Saramis database. Among these failures, 75% were due to a lack of a
sufficient number of peaks from liquid medium and the remaining 25% indicated “no
match” with the database. Using the IVD v3.0 database, 94% and 91% of isolates were
accurately identified with a high level of confidence (>99%) from 7H10 and MGIT,
respectively; 50% and 52% were identified to the species level and 44% and 39% to the
complex level. However, 6% and 7% of isolates did not match with any spectrum after
three protein extractions, mainly due to an insufficient amount of peaks. In both
databases, no difference was observed when considering discrimination between MTC,
slowly growing mycobacteria (SGM), and rapidly growing mycobacteria (RGM). Neither
Saramis v4.12 nor IVD v3.0 was able to distinguish species from MTC, M. fortuitum
complex, and some species from M. avium complex (MAC) such as M. chimaera, M.
arosiense, and M. colombiense. Lastly, two discrepant results were detected for two
isolates of M. interjectum, wrongly identified with a high level of confidence as M.
szulgai and as Achromobacter xylosoxidans.
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TABLE 1 Identification of Mycobacterium spp. grown on solid medium 7H10 by Vitek MS Saramis v4.12 and IVD v3.0¢

No. (%) of isolates identified by Saramis No. (%) of isolates identified by IVD
v4.12 RUO v3.0
Total no. of
isolates Species Complex Incorrect  Species Complex No Incorrect
Organism (HCC/NRC)®  level ID  level ID No ID ID level ID  level ID ID ID
SGM
M. tuberculosis complex
M. tuberculosis 16 (16/0) 0 11 5 0 0 16 0 0
M. bovis BCG 1(0/1) 0 1 0 0 0 1 0 0
M. avium complex
M. avium 10 (8/2) 7 0 3 0 10 0 0 0
M. intracellulare 8 (8/0) 4 0 4 0 6 2 0 0
M. chimaera 22 (19/3) 0 16 6 0 0 22 0 0
M. arosiense 1 (1/0) 0 0 1 0 0 0 1 0
M. colombiense 2 (2/0) 0 0 2 0 0 1 1 0
M. scrofulaceum 1 (0/1) 0 0 1 0 0 0 1 0
M. marinum 1(0/1) 1 0 0 0 1 0 0 0
M. kansasii 2 (1/1) 2 0 0 0 2 0 0 0
M. szulgai 1(0/1) 1 0 0 0 1 0 0 0
M. simiae 1(0/1) 0 0 1 0 1 0 0 0
M. gordonae 12 (12/0) 8 0 4 0 12 0 0 0
M. celatum 1 (1/0) 1 0 0 0 1 0 0 0
M. cookii 1 (1/0) 0 0 1 0 0 0 1 0
M. interjectum 2 (2/0) 0 0 2 0 0 0 2 0
M. nebraskense 2 (2/0) 0 0 2 0 1 0 1 0
M. xenopi 3(1/2) 3 0 0 0 3 0 0 0
M. malmoense 1 (1/0) 1 0 0 0 1 0 0 0
Total (%) for SGM 88 (100) 28(32) 28(32) 32(36) 0 39 (44) 42 (48) 7 (8) 0
RGM
M. chelonae/M. abscessus complex
M. chelonae 4 (1/3) 4 0 0 0 4 0 0 0
M. abscessus subspecies® 1 (1/0) 1 0 0 0 1 0 0 0
“M. abscessus subsp. abscessus” 3(0/3) 2 0 1 0 3 0 0 0
“M. abscessus subsp. bolletii" 3 (0/3) 3 0 0 0 3 0 0 0
“M. abscessus subsp. massiliense” 3 (0/3) 1 0 2 0 3 0 0 0
M. fortuitum complex 7 (7/0) 2 3 2 0 0 7 0 0
M. mucogenicum 1 (1/0) 1 0 0 0 1 0 0 0
M. smegmatis 1 (1/0) 1 0 0 0 1 0 0 0
Total (%) for RGM 23 (100) 15 (65) 3(13) 5(22) 0 16 (70) 7 (30) 0 0
Total (%) for all isolates (SGM and 111 (100) 43 (39) 31(28) 37 (33) 0 55 (50) 49 (44) 7 (6) 0
RGM)

aID, identification; SGM, slowly growing mycobacteria; RGM, rapidly growing mycobacteria.
bHCC, strains isolated in Hopitaux Civils de Colmar; NRC, strains provided by the National Reference Center for Mycobacteria, Paris, France.
“Species not characterized to the subspecies level.

Comparison between Vitek MS IVD v3.0 and hsp65 and rpoB sequencing. In
order to compare MS data with a reference method for identification of Mycobacterium
spp., sequencing of the hsp65 and rpoB genes was used for the 58 strains of NTM (Table
3). For approximately half of these isolates (28 isolates belonging to 12 distinct species),
the sequencing showed results equivalent to those obtained with MALDI-TOF MS. The
sequencing of hsp65 and rpoB was more discriminant than MS for all strains of M.
chimaera, M. colombiense, and M. arosiense, all identified as M. intracellulare by the IVD
v3.0 system. Two strains of M. interjectum and one strain of M. cookii were misidentified
because they are not included in the bioMérieux database. Conversely, MS provided
more accurate identification for two strains: one strain of M. marinum isolated from skin
infection in an aquarium owner, not correctly discriminated between M. marinum and
M. ulcerans by sequencing, and one mucoid strain of M. mucogenicum, identified as M.
fortuitum by hsp65 and rpoB sequencing. M. mucogenicum exhibits a high genetic
heterogeneity within clinical isolates, which could explain some sequence divergences
(33).

Assessment of the quality of protein extraction. Protein extraction was assessed
with data counts (DC) rated by the two distinct algorithms, Saramis v4.12 and IVD v3.0,
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TABLE 2 Results of Mycobacterium spp. grown in liquid medium MGIT identification by Vitek MS Saramis v4.12 and IVD v3.09

No. (%) of isolates identified by Saramis No. (%) of isolates identified by IVD
v4.12 RUO v3.0
Total no. of
isolates Species Complex Incorrect  Species Complex No Incorrect
Organism (HCC/NRC)®  level ID  level ID No ID ID level ID  level ID ID ID
SGM
M. tuberculosis complex
M. tuberculosis 16 (16/0) 0 12 4 0 0 15 1 0
M. avium complex
M. avium 9 (7/2) 6 0 3 0 8 0 1 0
M. intracellulare 7 (7/0) 4 0 3 0 7 0 0 0
M. chimaera 22 (19/3) 0 7 15 0 0 17 5 0
M. arosiense 1(1/0) 0 0 1 0 0 1 0 0
M. colombiense 2 (2/0) 0 0 2 0 0 2 0 0
M. scrofulaceum 1(0/1) 0 0 1 0 1 0 0 0
M. marinum 1(0/1) 1 0 0 0 1 0 0 0
M. kansasii 2 (1/1) 2 0 0 0 2 0 0 0
M. szulgai 1 (0/1) 1 0 0 0 1 0 0 0
M. simiae 1(0/1) 1 0 0 0 1 0 0 0
M. gordonae 12 (12/0) 10 0 2 0 12 0 0 0
M. celatum 1 (1/0) 1 0 0 0 1 0 0 0
M. cookii 1 (1/0) 0 0 1 0 0 0 1 0
M. interjectum 2 (2/0) 0 0 1 1 0 0 0 2
M. nebraskense 2 (2/0) 0 0 2 0 2 0 0 0
M. xenopi 3(1/2) 2 0 1 0 3 0 0 0
M. malmoense 1 (1/0) 0 0 1 0 1 0 0 0
Total (%) for SGM 85 (100) 28(33) 19(22) 37(44)  1(1) 40 (47) 35(41) 8(9) 2(2)
RGM
M. chelonae/M. abscessus complex
M. chelonae 4 (1/3) 3 0 1 0 4 0 0 0
M. abscessus subspecies® 1(1/0) 0 0 1 0 1 0 0 0
“M. abscessus subsp. abscessus” 3 (3/0) 2 0 1 0 3 0 0 0
“M. abscessus subsp. bolletii” 3 (3/0) 3 0 0 0 3 0 0 0
“M. abscessus subsp. massiliense” 3 (3/0) 3 0 0 0 3 0 0 0
M. fortuitum complex 7 (7/0) 2 5 0 0 0 7 0 0
M. mucogenicum 1 (1/0) 1 0 0 0 1 0 0 0
M. smegmatis 1 (1/0) 1 0 0 0 1 0 0 0
Total (%) for RGM 23 (100) 15 (65) 5(22) 3(13) 0 16 (70) 7 (30) 0 0
Total (%) for isolates (SGM and RGM) 108 (100) 43 (40) 24 (22) 40(37)  1(1) 56 (52) 42 (39) 8(7) 2(2)

aID, identification; SGM, slowly growing mycobacteria; RGM, rapidly growing mycobacteria.
bHCC, strains isolated in Hopitaux Civils de Colmar; NRC, strains provided by the National Reference Center for Mycobacteria, Paris, France.
“Species not characterized to the subspecies level.

and was compared between MTC, SGM, and RGM, each grown on solid and liquid
media (Fig. 1). Regardless of the algorithm used, DC obtained from mycobacteria
cultivated on solid medium were significantly higher than those obtained from liquid
medium (P < 0.05). They were over the threshold defined by the manufacturer as the
minimum amount of peaks required to obtain identification. No significant difference

TABLE 3 Comparison between hsp65 or rpoB sequencing and MALDI-TOF MS IVD v3.0 for
NTM identification

No. of

Comparison? strains Species
MS = SEQ 28 M. intracellulare, M. avium, M. celatum, M. gordonae, M. kansasii,

M. malmoense, M. nebraskense, M. chelonae, M. abscessus,

M. fortuitum, M. peregrinum, M. smegmatis
SEQ > MS 28 M. chimaera,b M. colombiense,b M. arosiense®

M. interjectum,© M. cookiic

MS > SEQ 2 M. marinum, M. mucogenicum

aMS, mass spectrometry; SEQ, sequencing.
bSpecies identified as M. intracellulare by MS.
<Species not included in the database.
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Datacount

----------- DC threshold
(SARAMIS 4.12)

DC threshold
(IvDv3.0)

MTC SGM RGM MTC SGM RGM

7H10 MGIT
W SARAMIS 4.12 IVD 3.0

FIG 1 Data count (DC) means depending on mycobacteria and media used. MTC, Mycobacterium tubercu-
losis complex; SGM, slowly growing mycobacteria; RGM, rapidly growing mycobacteria.

was reported between DC averages obtained with MTC, SGM, and RGM. Because of low
DC averages observed from mycobacteria grown on liquid medium, we assessed the
link between DC values and number of acid-fast bacilli (AFB) (Fig. 2). DC appeared over
the threshold in both the Saramis and IVD versions when MGIT medium showed more
than 100 AFB/field. For lower AFB values, DC and identification rates were uncertain
and repeated extractions, i.e., 1.3 from solid medium and 1.5 from liquid medium, were
needed.

DISCUSSION

During the last decade, the development of MALDI-TOF MS has highly increased
rapid identification of bacterial isolates in many laboratories. Identification of myco-
bacteria has not reached an optimal level of routine testing yet and published studies
showed discrepant performances, depending on spectrometer, extraction method,
algorithm, library, media, and biomass used for the assays (15-17, 19-32). In this study,
we compared two distinct databases of Vitek-MS, the Saramis v4.12 open database and
the new IVD v3.0 closed database. Performances were assessed under conditions as
close as possible to routine laboratory practice; i.e., protein extraction started from 48
h to 72 h after growth was detected on 7H10 medium or the MGIT tube was flagged

DC
60
50 B o DC threshold
(SARAMIS 4.12)
40
30 | . - ) DC threshold
(IVD v3.0)
20
10
0 AFB/field?

<1 1to 10 10 to 100 >100
=>=SARAMIS 4.12 VD v3.0

FIG 2 Data count means depending on the AFB wealth assessed from MGIT medium. ¢, each positive
MGIT was subjected to auramine staining at a magnification of X1,000 prior to MS extraction. AFB,
acid-fast bacilli.
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positive, and biomass was harvested for further tests such as molecular identification or
antimicrobial susceptibility testing.

Unlike the previous extraction procedure developed by the manufacturer (25), the
tested protocol was safe as shown by the subsequent lack of growth of MTC species.
The protein extraction method also proved its ability to disrupt cords formed by M.
tuberculosis complex, and identifications were accurate and reliable (94% to 100% of
accurate identifications with the IVD v3.0 depending on the medium used). Rapid and
safe alternatives, e.g., immunochromatographic assay using anti-MPT64 antibody or
molecular probes, could be easily performed from both liquid and solid media (34) in
a biosafety level 3 (BSL3) lab and led us to exclude MALDI-TOF MS for a rapid diagnosis
of tuberculosis.

In our study, MALDI-TOF MS Saramis v4.12 correctly identified 67% and 62% of
mycobacterial isolates grown on solid and liquid media, respectively, with approxi-
mately half of isolates identified with a confidence score of >90% homology with SS.
Performances observed were less promising than suggested in previous studies, which
showed between 77% and 94% correct identifications (17, 20, 32). IVD v3.0 highly
increased identification rates, with 94% and 91% of reliable identifications from colo-
nies or positive MGIT, respectively, all with high-level confidence (>99%). These
performances were similar to those published by Wilen et al., who reported 89.2%
correct identifications for mycobacterial isolates grown on 7H10 medium (20). By using
IVD v3.0, half of the strains were identified to the species level. As widely reported, Vitek
MS is able to accurately identify M. avium, but neither Saramis v4.12 nor IVD v3.0
appeared to be able to differentiate M. intracellulare, M. chimaera, M. arosiense, and M.
colombiense (35). Previous identification methods used in our laboratory, the Accu-
Probe test and 16S rRNA gene sequencing, in case of failure of the AccuProbe assay,
also misidentified M. chimaera, M. arosiense, and M. colombiense as M. intracellulare.
Sequencing of hsp65 and rpoB revealed that the prevalence of M. chimaera was highly
underestimated in our lab and actually represented >75% of strains identified as M.
intracellulare (data not shown). These results are in agreement with the conclusions of
Boyle et al., who showed that M. chimaera is more prevalent than M. intracellulare in
pulmonary infections (35). They also suggested that specific MAC species have various
degrees of virulence and that patients treated for pulmonary infection with M. avium
or M. chimaera were more likely to have clinical relapse or reinfection than those with
M. intracellulare (36). Current American Thoracic Society/Infectious Diseases Society of
America (ATS/IDSA) guidelines state that “clinically significant NTM isolates should be
routinely identified to the species level” (2). Then, in cases of proved infections,
MALDI-TOF MS would not be reliable enough and hsp65 or rpoB sequencing is required
to reach the expected level of accuracy. The same findings were obtained with M.
fortuitum complex and M. abscessus subspecies. Strains of “Mycobacterium abscessus
subsp. abscessus” (n = 3), “M. abscessus subsp. massiliense” (n = 3), and “M. abscessus
subsp. bollettii” (n = 3) were all identified as M. abscessus by IVD v3.0, from both liquid
and solid media. Since these subspecies differ in antibiotic susceptibility and clinical
relevance (37, 38), resistance detection and subspecies identification are required.
Panagea et al. revealed peaks potentially able to differentiate between subspecies by
using both Vitek MS Saramis v4.12 and IVD v3.0 (39). Both versions failed to identify M.
interjectum (n = 2) and M. cookii (n = 1) due to gaps in the databases.

DC were higher when spectra were submitted to the Saramis v4.12 than when
submitted to the IVD v3.0 algorithm. The narrower mass spectra analyzed (3,000 to
17,000 Da in IVD v3.0 instead of 2,000 to 20,000 Da in Saramis) may contribute to this
difference. However, even if fewer peaks were included, the IVD v3.0 algorithm was
associated with significantly better identification rates. This improvement was not due
to any database update between the two versions, as discrepancies concerned species
belonging to the two databases. The algorithm based on the principle of “mass
binning” revealed a greater robustness than the principle of SS matching.

Nevertheless, even with this more robust algorithm, the critical point remains the
current need to repeat testing. While Wilen et al. show that Vitek MS v3.0 requires
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slightly fewer repeats of analyses than the Biotyper and Saramis methods (20), our
results indicated that extraction had to be repeated averages of 1.3 and 1.5 times to
obtain correct identification from solid and liquid media, respectively, which may have
implications for laboratory workflow. So we suggest performing each extraction in
duplicate or in triplicate. As observed by van Eck et al. (31) in a real-life setting from
primary cultures of respiratory samples, MALDI-TOF MS identification yields insufficient
results when protein extraction is performed from low-AFB-wealth liquid medium.
Comparison with DC based on number of AFB in this work yielded the same conclusion.
Indeed, at the time of detection in the liquid culture system, the mycobacterial biomass
is usually insufficient for analysis by MALDI-TOF MS. Some authors performed their
assays on MGIT after cultivation extended at room temperature by 1 to 2 weeks (40).
A reincubation time of a few days (2 to 3 days as performed in this work) at 35 to 37°C
and a sample of 3 ml instead of 1.8 ml might be suggested after elimination of MTC
species by other rapid assays. A less satisfying alternative would be the identification
from subculture of MGIT on solid medium. Then, the time-saving aspect of the method
would be highly questionable.

Like most of the published studies, this work used isolates of Mycobacterium spp.
stored in a strain collection and subcultured in MGIT or 7H10 medium. Under these
conditions, we did not assess potential interference with proteins from patient and
oropharyngeal flora killed during decontamination. As recently shown by van Eck et al.
with MALDI Biotyper (Bruker Daltonics), identification rates drastically dropped, from
91% to 22%, between colonies subcultured and primary culture of respiratory samples.
Although two distinct media were compared (Middlebrook 7H10 plates for subcultures
and MGIT medium for primary cultures), these data highlighted the problem of
mixed-protein patterns and possible interference with proteins from patients (31). A
similar prospective study on Vitek MS would be helpful to define real performances of
IVD v3.0 from primary cultures of respiratory samples. Several authors recently de-
scribed new extraction protocols (12, 18, 40, 41), which could increase the ratio of
mycobacterial proteins to patients’ proteins and probably improve the identification
rates at the time of detection.

Two other limits of MALDI-TOF MS for mycobacterial identification have to be
considered: possible contaminations by common bacteria or yeasts and coinfections
with distinct species of mycobacteria. Depending on the laboratories, contamination
rates ranged from 5% to 10% of positive liquid media. Molecular techniques such as line
probe assay could bypass this issue. Otherwise, a decontamination process is required
and identification time is extended. In the rare event of coinfection by two mycobac-
terial isolates, careful examination of positive cultures from solid media is still sug-
gested. Lastly, it appears that operator experience impacts significantly the rate of good
extraction (31), and a few experienced technicians would be beneficial to optimize the
method.

In summary, the current Saramis v4.12 RUO appears under our laboratory conditions
neither accurate nor reliable enough to allow routine implementation. Conversely, the
new IVD v3.0 seems promising, with a more robust algorithm and reliable identification
rates. Although these results need to be confirmed both with a larger number of strains
and by a prospective study in a clinical setting, this new version of the database might
be a trusted first-line approach for the routine identification of most NTM. However, the
identification algorithm should recommend a molecular approach such as hps65 or
rpoB gene sequencing to reach the expected level of accuracy, especially in cases of
documented infection due to M. intracellulare.

MATERIALS AND METHODS

Isolates and identification. A total of 111 clinical strains of mycobacteria belonging to 21 species
and 3 subspecies were included. Eighty-six strains were isolated in the clinical microbiology laboratory
of Hopital Pasteur (Hopitaux Civils de Colmar, France) from 2011 to 2014 and were stored in Bactec
mycobacterial growth indicator tube (MGIT) liquid medium (Becton Dickinson, Le Pont-de-Claix, France)
at room temperature until analysis. These isolates were routinely identified by the AccuProbe test
(GenProbe, San Diego, CA) for M. tuberculosis, M. intracellulare complex, M. avium sensu stricto, and
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M. gordonae species, according to the instructions of the manufacturer. For remaining species or in case
of failure of the AccuProbe test, identification was performed by sequencing a 500-bp fragment of the
16S rRNA gene. Although it is not a reference technique, short 16S product analysis was sufficient in
terms of clinical relevance in most cases. In addition, 25 clinical strains were provided by the Associated
National Reference Center for Mycobacteria (CNR-Myc, Hopital Lariboisiere, Paris, France) and were
identified by DNA hybridization GenoType Mycobacterium MTBC, CM/AS (Hain Lifescience GmbH,
Nehren, Germany) or hsp65 or rpoB gene sequencing.

Confirmation of organism inactivation. As members of the M. tuberculosis complex are BSL3
pathogens, it was necessary to control the total absence of viability after the protein extraction protocol.
For 5 isolates of Mycobacterium tuberculosis, protein extracts obtained after inactivation were added to
an MGIT tube and onto Middlebrook 7H10 plates, both incubated for 56 days at 35°C.

Culture conditions. All 111 strains were inoculated onto Middlebrook 7H10 agar (Becton Dickinson,
Le Pont-de-Claix, France) without supplemental CO, at 35°C or 30°C according to the optimal temper-
ature of each species. In parallel, 108 isolates (3 failed to subcultivate after inoculation) were grown in
fresh liquid MGIT medium and incubated in the Bactec MGIT 960 mycobacterial detection system (Becton
Dickinson, Le Pont-de-Claix, France). Each liquid culture was subjected to auramine staining to assess
acid-fast bacillus (AFB) wealth (magnification, X1000) when detected as positive by the system. Gram
staining was also performed to ensure lack of any microbial contamination.

Mycobacterial preparation protocol. Protein extraction was performed in a period ranging from 48
h to 72 h following macroscopic or automated growth detection for solid or liquid medium, respectively.
In both cases, culture media were reincubated at 35°C during this period. The extraction protocol was
performed according to the MS supplier (bioMérieux). From colonies grown on 7H10 medium, a 1-ul
disposable inoculation loopful of colonies was harvested and added to 500 wl of 70% ethanol. From
liquid medium, MGIT culture was first strongly vortexed. Then 1.8 ml of liquid was pipetted into a
centrifuge vial and centrifuged at 14,000 X g for 10 min. The supernatant was discarded, and the pellet
was resuspended in 500 ul of 70% ethanol. At this step, mycobacteria from both solid and liquid media
were at the same stage of the protocol. The alcoholic suspension was transferred into a centrifuge vial
containing 200 wl of 0.5-mm glass beads. The cells were disrupted with a vortex for 15 min and then
incubated at room temperature for 10 min to ensure inactivation. The suspension was transferred into
a sterile tube and centrifuged for 4 min at 14,000 X g. The pellet was resuspended with 10 ul of 70%
formic acid. After addition of 10 ul of 100% acetonitrile, the suspension was briefly vortexed and then
centrifuged at 14,000 X g for 4 min. The next steps were performed under standard BSL2 conditions. One
microliter of the supernatant was pipetted onto a MALDI-TOF target slide. The samples were dried at
room temperature, and 1 ul of a-cyano-4-hydroxy cinnamic acid (CHCA) matrix solution (bioMérieux,
Marcy I'Etoile, France) was added. Samples were analyzed in duplicate after drying at room temperature.

Vitek MS databases assessed. All spectra were generated with the Vitek MS Plus System, which
records mass spectra from 2,000 to 20,000 Da by shooting 100 times per spot. Acquired spectra were
analyzed by both the Saramis v4.12 and v3.0 databases. With the Saramis v4.12 system, identification
match was compared with superspectra (SS), defined by a “consensus spectrum” constructed with 8
strains and containing approximately the 40 most specific peaks for each considered species. Confidence
levels range from high (homology > 98%) to medium (85 to 98% homology) to low (75 to 85%
homology). When homology is below 75%, the algorithm compares spectra with reference spectra
instead of SS. In another way, IVD v3.0 sums each generated spectrum into a single spectrum according
to the principle of mass binning. In this algorithm, the confidence levels are divided into a high level of
confidence (>99%), a medium level of confidence (90 to 99%), and a low level of confidence (<90%).
Then, each software has its own acquisition system and its own algorithm and identification rules.
Databases are also different when considering number of species. For both systems, quality of protein
extraction can be assessed by the data count (DC), defined by the interpretable number of peaks
considered in the algorithm. For DC lower than 50 peaks in Saramis v4.12 or lower than 30 peaks in IVD
v3.0, no identification is assigned and a new protein extraction must be performed starting from the first
step of the protocol. If identification fails after 3 distinct extractions, the sample is labeled “No ID” and
no identification is assigned. The comparison of DC obtained from each medium for each species was
carried out by a Student t test.

Gene sequencing. As identification tests routinely performed (AccuProbe test and partial 16S rRNA
gene sequencing) are not reference methods, strains were subjected to DNA sequencing of both the
hsp65 and rpoB genes, according to previously described methods (33, 42). Strains belonging to M.
tuberculosis complex (n = 16), easily identified by rapid molecular methods, and M. gordonae (n =
12), for which clinical implication is scarce, as well as the 25 strains identified by the Associated
National Reference Center for Mycobacteria were excluded from this analysis. Gene sequencing of
the 58 remaining strains was carried out on an ABI 3500 genetic analyzer (Thermo Fisher, Court-
abeuf, France).

Sequence data were analyzed on the peer-reviewed BIBI?®PP by using a high degree of stringency
(comparison with sequences of type strains). Taxonomic assignment was made by using an approximate
maximum likelihood approach (43).

Criteria used to define the species of unknown isolates were defined as follows: >97% hsp65
sequence similarity with the reference strain for all isolates (44), >98.3% rpoB sequence similarity with
the reference strain for rapidly growing mycobacteria (RGM) (33), and >99.3% rpoB sequence similarity
with the reference strain for slowly growing mycobacteria (SGM) (45, 46).
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