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The positive impact that matrix-assisted laser desorption ionization–time of flight
mass spectrometry (MALDI-TOF MS) has had on clinical microbiology over the past

decade has been well established (1). However, unfortunately, the reliable identification
to the species level of Mycobacterium tuberculosis complex (MTC) isolates has not to
date been achievable by MALDI-TOF MS. Nevertheless, some researchers have shown
that MALDI-TOF MS coupled with in silico analysis has been useful as a typing tool for

FIG 1 Summary of processing protocol for raw mass spectra and subsequent analysis, including creation
of dendrograms. CWT, continuous wavelet transformation; UPGMA, unweighted pair group method with
arithmetic mean; WPGMA, weighted pair group method with arithmetic mean.
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other mycobacterial groupings that were not previously possible, including Mycobac-
terium kansasii (2), differentiating Mycobacterium chimaera from Mycobacterium intra-
cellulare (3), and distinguishing Mycobacterium avium subsp. paratuberculosis from
other M. avium subspecies (4). In this study, we set out to examine whether MALDI-TOF
MS could be used as a typing tool for outbreak investigations.

We used 32 MTC isolates that had undergone 24-digit mycobacterial interspersed
repetitive-unit–variable-number tandem-repeat (MIRU-VNTR) typing by the Irish Myco-
bacterial Reference Laboratory. All isolates in the present study were cultured in Cork
University Hospital from patient respiratory specimens. The 32 isolates encompassed
the following three lineages: European-American (EA) (8 sublineages: Haarlem [9],
H37Rv [5], Cameroon [2], X [3], Ural [1], NEW-1 [1], S [1], and EA with no subtype [4]),
Oceanic (East African-Indian [EAI] subtype [3]) and Mycobacterium bovis (Bovis BCG

FIG 2 Dendrogram of summary spectra (pictured in red) calculated following comparison by Pearson’s coefficient of correlation and
determined by the unweighted pair group method with arithmetic mean (UPGMA). Isolates with identical MIRU-VNTR digits are marked
with an asterisk.
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subtype [3]). There were 9 isolates which had identical MIRU-VNTR numbers; 3 were
Haarlem subtypes, 2 were H37Rv subtypes, 2 were EAI subtypes and 2 were M. bovis
BCG subtypes. Two of the three identical Haarlem subtypes and both of the identical
EAI and H37rv subtype pairs were confirmed as cluster cases through contact tracing.

The isolates were recovered, extracted and identified using a Bruker Biotyper
Microflex LT system with version 1.0 of the Mycobacteria Library to attain a minimum
of 5 biological replicates, as previously described (5). All identifications by MALDI-TOF
MS were correct (MTC), with log scores greater than 2.0. The mass spectrum data were
exported to BioNumerics version 7.6.2 (bioMérieux). The data initially underwent
processing, over 120 permutations were examined, and the parameters outlined in
Fig. 1 were visually determined to be optimal. This was done by zooming into the
baseline of each mass spectrum and visually assessing the whole mass spectrum to
ensure that the processing algorithms utilized did not eliminate spectral peaks (there
are no quantitative evaluation criteria available [6]). The coefficient of correlation and
hierarchical clustering algorithm (HCA) that were most appropriate for these data were
then analyzed (itemized in Fig. 1); it was found that Pearson’s correlation coefficient
coupled with the unweighted pair group method with arithmetic mean (UPGMA) was
most suitable, having the highest global cophenetic correlation (91%) of the algorithms
analyzed. Next, an examination of the HCA of individual mass spectra for each isolate
and also for combined summary spectra for each isolate was compared to HCA of the
MIRU-VNTR data (Pearson’s correlation coefficient with UPGMA, global cophenetic
correlation of 84%) to ascertain whether the data type was suitable as a typing tool.
Summary spectra allow for the highlighting of peaks that are unique to an isolate while
eliminating those that may be erroneous on a single mass spectrum.

As highlighted in Fig. 2, there was no coherent clustering of MIRU-VNTR lineag-
es/sublineages for the summary spectra. The only isolates that had identical
MIRU-VNTR numbers that grouped together were two Bovis-BCG isolates with
identical MIRU-VNTR numbers. The dendrograms of individual spectra performed
worse than the summary spectra dendrogram, with mass spectra from the same
isolate not grouping together. This may be due to the high clonality of MTC isolates
or due to the low resolution of MALDI-TOF MS. The data presented demonstrates
that the combination of a previously published method to improve identification
and enhanced processing of mass spectra do not currently facilitate the typing of
clinical MTC isolates.
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