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MALDI-TOF 
 “Matrix-Assisted Laser Desorption 

Ionization Time-of-Flight” 

 A form of mass spectrometry 

 Used to analyze proteins and 
other macromolecules 

 For mycobacteria, total 
microbial proteins are 
analyzed 

 Recent advances have allowed 
application to the clinical realm 

http://www.bruker.com/ 
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MALDI-TOF: How it works 
• Charged particles are 

accelerated by a laser. Time 
of flight through mass 
analyzer is proportional to 
the ion’s mass.   

• Proteins and peptides are 
separated by increasing 
mass 

• Particles are detected at the 
top of the TOF analyzer 
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Protein Mass Spectrum of Whole Cells 

 
 

• Detection of 100-200 mass signals (peaks) 
• 20-30 proteins directly match with the 

theoretical masses of ribosomal proteins in 
the sequence database 

• Other peaks are mostly uncharacterized 
proteins but are likely post-translational 
modifications of ribosomal proteins 
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MALDI-TOF: How it works 

• A pattern of 
characteristic 
peaks “spectrum” 
is produced. 

• Dedicated 
software analyzes 
mass spectra 
against library of 
stored spectra 
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Resolution (Identification) Power 
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MALDI-TOF: Comparison of two 
platforms 
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Bruker Daltonics 
Biotyper Microflex 

BioMerieux 
Vitek MS 
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MALDI-TOF: Comparison of Two Platforms 
Bruker Daltonics Biotyper 
Microflex 

BioMerieux Vitek MS 

Instrument  
footprint 

bench top floor standing 

Cost of 
Instrument 

$190-200 K $250 K (stand alone) 
Can be integrated by 
Biomerieux MYLA® to LIS 

Cost of 
Maintenance 
Contract 

$20 K per year (after first 
year) 

Information not available 

FDA “Cleared” Nov 2013: 40 aerobic Gram negative 
bacteria 
 
April 2015: added 170 species and 
species groups, representing 180 
clinically-relevant species of aerobic 
Gram positive, fastidious Gram 
negatives, Enterobacteriaceae, 
anaerobic bacteria and yeasts 

August 2013: 193 yeast (Candida, 
Cryptococcus and Malassezia 
groups) and bacteria 
(Staphylococcaceae, 
Streptococcaceae, 
Enterobacteriaceae, 
Pseudomonadaceae, and 
Bacteroidaceae families) 
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MALDI-TOF: Comparison of Two Platforms 
Bruker Daltonics Biotyper 
Microflex 

BioMerieux Vitek MS 

FDA status for 
ID of 
Mycobacteria 

Not FDA cleared Not FDA cleared 
 

Number of 
Mycobacteria 
Entries 
(spectra) in 
Library 
 
 

Mycobacterium library 
v2.0 (2014) 313 main 
spectrum profiles, 128 
species 
 
Mycobacterium library  
v3.0 (2015) 853 main 
spectrum profiles, 149 
species¥ 

1286 spectra (2013)€ 

(€) Deol et al. 2013 
(¥) Dr. Gongyi Shi, Bruker 
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Bruker MALDI Library v 3.0 
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Dr. Gongyi Shi, Bruker 
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MALDI-TOF: Comparison of Two Platforms 

bioMerieux Vitek MS 

Bruker Daltonics Biotyper 
Scoring interpretation 
2.00-3.00 = Secure genus and species identification 
1.70-1.99 = Probable genus identification 
0-1.699 = Unreliable identification 

 

BioMerieux Vitek MS 
Confidence values (%) 

Essentials for the Mycobacteriology Laboratory 
www.aphl.org WISCONSIN STATE LABORATORY OF HYGIENE - UNIVERSITY OF WISCONSIN 12 



Extraction 
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MALDI-TOF Mycobacterial Sample Preparation 

• Pure growth from solid or liquid media undergoes an 
extraction protocol and is applied to a sample target 
plate and overlaid with matrix 

• Necessary steps: 
• Inactivation 
• Cell disruption 
• Protein extraction 

Culture 
suspension & 
wash steps 

Heat lysis Ethanol 
wash 

Bead 
Beat 

70% formic 
acid/ 

acetonitrile 
addition 
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Extraction Methods 
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Bruker Daltonics Biotyper 
Microflex 

BioMerieux Vitek MS 

Extraction 
method for 
Mycobacteria 

Bruker MycoEX v3 
 
• 30 minute heat lysis 

inactivation 
• Ethanol wash 
• silica bead disruption 

with acetonitrile/formic 
acid extraction 

BMX Extraction 
 
• Ethanol/bead 

inactivation/disruption 
• No heat lysis 
• formic acid/acetonitrile 

extraction 

Amount of time 
for assay: 
Extraction/run 

2 hours/ 20 minutes 2 hours/ 20 minutes* 

(*) Matthew Henson, Cincinnati Children’s 
Hospital Medical Center 
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Extraction Methods 

• Variations on the theme: 

• Balada-Llasat (2013), Mather (2014) 

• WSLH (unpublished, slide 37): added distilled 
water wash step before heat lysis for broth cultures 

• For best ID, extraction method must be identical to that 
used to create spectral library 

• Important to validate inactivation step(s) before removing 
specimens from BSL-3 laboratory 
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Effect of Media on MALDI Score 
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Effect of Culture Age on MALDI Score 
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Effect of Media and Culture Age on 
MALDI Score 

• Media Type: Our validation study showed no significant difference in 
MALDI score between 7H10, LJ and 7H9 

• Lower scores were seen for broth cultures in some studies 
(Quinlan et al. 2015, Lotz et al. 2010, Balazova et al. 2014) 

• Due to lower biomass in broth cultures analyzed? 

• Culture Age: Similar decreases in score with culture age were seen 
in other publications (Mather et al., 2014).   

• Mather et al. suggests that ID by MALDI should be attempted 
as soon as colonies of a single morphotype are visible (on 
solid media) to ensure the highest likelihood of finding a match 
in the existing database. 

• Fresh pure growth is best because that’s how most of the 
databases were created. 
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Organisms Identified during Validation 
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• MTBC 

• MAC 

• 15 species of 
NTM 
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Difficult Organisms 
• MALDI cannot identify to species level within the 

MTB complex 
• Cannot differentiate closely related species 

• M. chimaera/intracellulare 
• M. mucogenicum/phocaicum 
• M. marinum/M. shotsii 
• M. kansasii/M. gastri 

• Challenging to ID to sub-species level for M. 
abscessus 

• Teng et al. (2013): cluster analysis of spectra 
(abscessus vs. massiliense) 

• Fangous et al. (2014): 5 discriminating MALDI 
peaks for three subspecies 
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Difficult Organisms 

• M. hiberniaeQ 

• M. engbaekiiQ 

• M. interjectumQ 

 

M. conceptionenseW 

M. genevenseW 

M. porcinumW 

M. septicumW 
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(Q) Quinlan et al. 2015 
(W) WSLH validation data 
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Use of MALDI for Primary Positive 
MGIT tubes 

• Need: ID directly from AFB-positive 
MGIT tube without need to subculture 

• How much growth is needed for good 
MALDI ID? 

• Is there something in the MGIT tubes 
that causes high “background” or 
“noise”? 
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“Limit of Detection” for MALDI 
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“Limit of Detection” for MALDI 

• Cell concentration needed for good MALDI ID 
is approximately 6.00x107 to 6.00x108 cells 

• This LOD is similar to that for HPLC (UV) 
• Approximate concentration at which MGIT 

tube flags positive is 1 X 105 to 1 X 106 
cells/ml (BD package insert). 

• Quinlan et al. (2015) showed need for 5 days 
of extended incubation before adequate 
MALDI ID from MBBacT ALERT 3D bottles 
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Primary MGIT Spectral Background 
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Average 
MALDI 
Score 

MGIT broth only 0 

MGIT +  PANTA 0 (blue) 

MGIT + AFB-negative 
pooled sputa 

1.20 

MGIT + PANTA + AFB-
negative pooled sputa 

1.25 (red) 
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Challenges: Use of MALDI for Primary 
Positive MGIT tubes 

• When the MGIT tube flags as positive, the 
cell concentration is likely too low for good 
MALDI ID 

• Proteinaceous substances from patient 
inoculum may cause spectral background 
and low-level MALDI scores 

• MGIT tubes can contain non-acid fast growth 
or mixed growth which can’t be identified by 
MALDI 
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WSLH Algorithm for  
Primary Positive MGIT Tubes 

Primary 
Positive 

MGIT tube 

 MALDI-TOF 

Report Conclusive 
Results 

Inconclusive 
results rpoB/16S  

DNA 
Sequencing 

 TB/MAC 
PCR 

Patient 
indicators 

TTD ≥ 5 days: 
TB/MAC PCR 

TTD < 5 days: 
Growth on BAP 
for 72 hours 

Good pure 
growth 

Specimen Triage 
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MALDI ID from Primary MGIT 
n=152 MGIT tubes 
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Specimen Triage: 
 
• MGIT tubes with 

TTD ≥ 5 days for 
which TB/MAC 
PCR was negative 

• MGIT tubes with 
TTD < 5 days for 
which non-acid fast 
growth was not 
present after 72 
hours 

• Good pure growth 
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After-Validation use of MALDI 

Media Type Number of data 
points (spots) 

Number of 
definitive ID 
Score ≥ 1.8 

Percentage ID 
(%) 

LJ Slant 80 67 83.7 
7H10/7H11 solid 
media 

726 508 69.9 

MGIT (referred) 242 150 61.9 
Blood Agar Plate 28 17 60.7 
VersaTREK 38 22 57.8 
7H9 broth 44 22 50 
BacT/Alert broth 101 47 46.5 
MGIT (primary) 303 79 26 
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Considerations for MALDI-TOF 
Limitations 
 Time-consuming extraction protocol for 

mycobacteria 
 Cannot identify to species within the MTBC 
 Need adequate biomass and pure growth for ID 
 Poor performance with primary MGIT broth 

 Scores may vary depending on growth conditions 
 Current database limitations 
 For best ID, extraction method must be identical 

to that used to create spectral library 
 Initial cost investment high 
 Full validation necessary 
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Considerations for MALDI-TOF 
Advantages 
 Rapid identification 
 Good identification to species for rapid 

growers and other mycobacteria groups 
and complexes 

 Potential sub-species ID for M. abscessus 
 Can also be used for identification of many 

bacteria and fungi in the laboratory (FDA-
cleared for some bacteria) 

 Databases and extraction methods are 
quickly changing and improving 
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Evolution of WSLH ID Algorithm 

Culture 
containing 

AFB 

 MALDI-TOF 

Inconclusive 
results 

DNA 
Sequencing 

 TB/MAC 
PCR 

HPLC Previous 

Current 

Inconclusive 
results 

Accuprobes, 
Biochemicals 

DNA 
Sequencing 
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APHL MALDI User’s Group 
Purpose:  The MALDI-TOF discussion group is a forum for public 
health laboratorians currently using or interested in using MALDI-
TOF MS for the identification of mycobacteria species to discuss 
questions and considerations, exchange best practices, and identify 
priority information needs.  

Goal: Based on the content of the user’s group discussions, APHL 
will form a workgroup to develop products that will address the 
priority needs.  The products will assist laboratories to successfully 
implement MALDI-TOF for the identification of mycobacterial 
species. 

Contact: 
Will Murtaugh 
Association of Public Health Laboratories 
240.485.2764 
William.murtaugh@aphl.org 
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WSLH Extraction 
Method 
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