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Abstract
Background: In routine clinical laboratory diagnosis, characterizing a Mycobacterial isolate and its drug susceptibility is a tedious process, largely owing to its slow
growth. Matrix-assisted laser desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) is a revolutionary technique which can be applied for the
routine identification of Mycobacteria.
Methods: In this prospective and blinded study, we attempted to characterize 100 clinical isolates of Mycobacteria using the MALDI-TOF and evaluate its utility
as a useful tool for rapid identification of clinical Mycobacterial isolates. Fresh cultures (less than 7 days) of 100 (characterized to genus level) Mycobacterial isolates,
grown either on Lowenstein Jensen slants or in the Bact/Alert MP bottles, were used. The isolates were initially disrupted with ethanol and silica beads. Acetonitrile
& formamide acid extraction procedure was carried out and the supernatant was spotted on the target plate and Cinnamic acid was added. The plates were subjected
to identification by MALDI-TOF MS. The spectra were acquired manually and recorded in the linear positive mode at a laser frequency of 20 Hz within a mass range
from 2000 to 20,000 Da. The results of identification by MALDI were compared with the results from conventional techniques.
Results: Among the 100 isolates, 80 were identified as Mycobacterium tuberculosis (M.tb) / bovis complex and 20 were non TB Mycobacteria (NTMs). There was a 100%
correlation between the conventional and MALDI TOF results. The latter could identify the NTMs to the species level.
Conclusion: This study showed that the MALDI-TOF MS was found to be an accurate, rapid and robust system for identification and differentiation of Mycobacteria.
This innovative approach holds promise as an alternate and competent tool in mycobacteriology and helps in initiation of timely and appropriate therapeutic
intervention.

Introduction

Methods

Traditional methods for identifying Mycobacterial species are
based on phenotypic traits, biochemical and molecular-based methods
which include PCR and DNA sequencing of a variety of target genes.
Though these methods are accurate, they are resource and timeconsuming [1]. Reducing the time associated with the identification of
the Mycobacterial isolates can be achieved by new and cost-effective
methods of detection [2,3].

A total of 100 clinical isolates of Mycobacteria from various
clinical specimen (Pulmonary and Extra pulmonary) submitted for
Mycobacterial cultures to the Department of Microbiology, Nizam’s
Institute of Medical Sciences, Hyderabad, Telangana State, India., were
included in the study. The isolates were identified as M.tb or NTMs
(genus level) by conventional methods.

Recently, several studies have provided the proof-of-concept
that MALDI-TOF MS is a rapid, cost- effective and competent
alternate method for the precise identification and differentiation of
Mycobacterial species directly from cultures [4-8]. Compared to the
traditional biochemical and phenotypic methods or molecular assays,
the MALDI TOF method is user friendly with a rapid turn - around
time of one hour [9-14].
In this prospective study, the prime aim was to use VITEK® MS - a
MALDI-TOF mass spectrometer (bioMerieux, France) to characterize
100 clinical Mycobacterial isolates. The database available on this
platform was implemented to generate reliable identification through
recognizing the unique protein fingerprints of the Mycobacterial
isolates.
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Fresh cultures of these 100 Mycobacterial isolates, in their
exponential growth phase (14 -21 days old), on BBL™ LowensteinJensen Medium Slants, BD, were used for the analysis. Standard strain
of M.tb, H37RV was also included and processed similarly as the
clinical isolates.
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All the procedures were performed in a biosafety cabinet using all
safety and aseptic precautions. The method of extraction recommended
and standardized by bioMerieux (France) for the VITEK® MS was
used [1]
Briefly, one µl loopful of the mycobacterial biomass was mixed
in a 1.5-ml sterile screw-top micro-centrifuge tube containing 900 µl
of 70% ethanol, to obtain a turbid suspension and kep at 37C for 15
mts for inactivation of the organisms. To this suspension, 200 µl of
0.5-mm sterile silica beads were added and the tubes were vortexed
for 15 mts in a horizontal position using a Vortex-Genie 2 with a 24tube adaptor at maximum speed (Scientific Industries Inc, USA) with
MoBio Vortex Adaptor) (MoBio Laboratories, Inc.,USA) to dissociate
the Mycobacterial cell walls. Three rounds of dissociation were done
with an interval of 10 mts for cooling, between each round. The tubes
were then incubated at 37 0C for 10 min for the beads to settle down.
The supernatant was then transferred, with a sterile pipette, to a new
sterile 1.5-ml snap-top micro-centrifuge tube, taking care that no beads
are transferred. They were then centrifuged at 10,000 g for 2 min. The
supernatant was decanted, and the excess removed with a narrowgauge pipette. The pellets were air dried with the tube open to ensure
complete evaporation of the ethanol. To the dried pellets, 20 µl of
acetonitrile was added and vortexed, followed by addition of 20 µL of
70% formamide and vortexing. The tubes were centrifuged at 2000 g
for 10 minutes and 1𝜇L of the supernatant was spotted in triplicate on
the steel target plate of the VITEK® MS. The spots were allowed to dry
at room temperature. Finally, 1𝜇L of CHCA matrix solution (𝛼-cyanohydroxycinnamic acid) was added to each spot and left to dry before
they were loaded on to the VITEK® MS instrument. A quality control
organism, E.coli (ATCC 8739) was included in every plate assayed
which served as an assay control as well as a negative control.
As recommended by bioMerieux, the Escherichia coli ATCC 8739
strain, used as a calibrator and internal ID control, was inoculated
on the calibration spots of each acquisition groups (small spot in the
middle of each acquisition group). Each bacterial isolate had been
tested with a unique deposit.
A minimum of 100 laser shots per sample were used to generate
each spectrum.

Analysis
The samples were analyzed in triplicate using a Microflex LT
MALDI-TOF MS instrument. The spectra were acquired manually
and recorded in the linear positive mode at a laser frequency of 20 Hz
within a mass range from 2000 to 20,000 Da. Parameter settings for
Microflex instrument were ion source 1 at 20 kV, ion source 2 at 18.5
kV, lens at 8.5 kV, pulsed ion extraction of 250 ns and no gating.
A comparative analysis of the results of identification of the
100 clinical mycobacterial isolates using the MALDI-TOF MS and
conventional techniques was carried out.

Results
All the 100 Mycobacterial isolates yielded a visible protein profile
with an identification score of 95-99.9% confidence. Eighty of the
isolates were identified as M. tb / M.bovis. Of these, 78 M.tb isolates
had a score of 50:50. The scores were equally distributed between the 2
Mycobacterial species (M.tb & M.bovis). The remaining 2 isolates, out
of the 80, had a score of 25:25 but were interpreted as Mtb / M.bovis by
the data base.
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The remaining 20 isolates were interpreted as non-TB Mycobacteria.
Of these, 13 were identified as M.fortuitium with scores of 99.9%. Table
shows the distribution of the NTMs and their scores.
The isolates were differentiated by mass spectral (MS) profiles that
were distinct among each of the Mycobacterial species (Figure 1). As
per the MS profiles for M.tb, signals between 10,000 to 12500 m/z were
very distinct and were present in each of the 80 M.tb isolates and the
standard H37RV.
The MS profiles of the NTM`s showed signals below 6000m/z
and were very distinctly different from those of M.tb (Figure 2). The
different MS profiles obtained are shown in Figure 2. M.avium and
M.africanum had very close peaks below 4000 m/z while M.flavescens
showed very few signals but with a peak at 5750 m/z. The standard
strains of the NTMs also showed similar species-specific profiles.
In all cases, the negative control (E. coli) yielded visible peaks that
were very distinct from those of Mycobacteria.

Discussion
Matrix-assisted laser desorption ionization-time-of-flight mass
spectrometry (MALDI-TOF MS) has emerged over the last few years as
a novel tool for rapid and reliable identification of microorganisms by
analysis of protein profiles from either disrupted cells or intact bacterial
cells. The accurate identifications and reduced turnaround times and
cost, are facilitating an appropriate management of the infectious
diseases [9,15,16].
MALDI-TOF MS has been recently used to characterize
mycobacteria [5,8,10]. In India, the technology has been successfully
adapted for the rapid identification of Mycobacteria compared to
conventional phenotypic identification methods [14,18]. The method
can analyze Mycobacterial isolates rapidly within minutes and thereby
facilitate high throughput outcome. The simple extraction procedure,
low running cost and the non-requirement of high technical expertise
provide MALDI-TOF MS an edge over other methods for identification
[19,14]. It has been observed that MALDI-TOF MS generates less waste
than other methods that are based on molecular and biochemical tests
that use many disposable materials [1].
Sample preparation techniques define the quality and composition
of protein expression profiles obtained on MALDI TOF [11,20,].
Several studies have shown that the sample preparation techniques
define the quality and composition of protein expression profiles
obtained on MALDI TOF. An original protocol for the MALDI-TOF
MS identification of heat-inactivated Mycobacteria after dissociation
in Tween-20, mechanical breaking of the cell wall and protein
extraction with formic acid and acetonitrile was described by El et al.
[11]. By applying this protocol to as few as 105 colony-forming units
of reference isolates of M.tb, M. avium, and 20 other Mycobacterium
species, they obtained species-specific mass spectra for the creation
of a local database. Using this database, their protocol enabled the
identification of 87 M.tb, 25 M.avium and 12 non-tuberculosis clinical
isolates within 2.5 hours and with identification scores ≥2. Further
analysis of the profiles showed that certain signals ranging from 3 to 10
kDa were identified as “species-specific biomarkers” at m/z 5519, 5700,
7100, 8336, 9270, 10,662, and 11,376 [5].
In the present study, the biomerieux’s method of extraction was
used as the analysis was on Vitek MS [1]. Within the observed mass
range, a few unique signals were conserved across all the 80 M.tb/
M.bovis isolates similar to the studies conducted by Hettick et al. [12]
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Figure 1. MS profile of Mycobacterium tuberculosis complex

El Khéchine et al. [11] and Saleeb et al. [13] on different M. tb isolates,
thereby highlighting these signals to be potential “species-specific
biomarkers.” Furthermore, it was observed that there was a difference
in the peak height ratio across the spectra within the species among the
NTMs (Figure 2). This could be attributed to the differential expression
of the same protein among different species.

Conclusion
As per this study the MALDI-TOF MS provided an accurate, rapid
identification and differentiation of Mycobacteria. The extraction
process was simple without issue of contamination and biohazard risks
to the technical personnel.
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Figure 2. MS profiles of atypical mycobacteria
1-Mycobacterium africanum
2-Mycobacterium avium
3-Mycobacterium scrofulaceum
4-Mycobacterium fortuitum
5-Mycobacterium intracellulare
6-Mycobacterium flavescans
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