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MALDI-TOF at DSHS 
• Chem Threat instrument used for John’s Hopkins Study 2008 

– Donated to Biothreat team 
• Bought Biotyper Library for Bacterial ID 
• Machine PM 
• Initial trails summer 2013 

– Validation study completed August 2013 
– Routine testing started September 2013 

 

• Run weekly for Bacteriology Team 
– Aids in their identification 
– Validated only for 20 organisms 

• Known ATCC strains used for MIS Validation Study 
– Results not reportable 

 
 

 
 
 



MALDI-TOF for Bacterial ID 

• Testing Methods 
– Direct 
– Extraction 

 
• Machine Operation 

– Automatically captured spectra and analysis 
– Manual running of samples and analysis 

 



Bruker Microflex MALDI-TOF 



Direct Method 
• Sample is applied to target plate 

– Toothpick  
– Pipette tip 



• Matrix is overlaid on sample 
 
 



Extraction Method 



Machine Operation: 
 Target plate loaded 
 Moves to position 
 Pulls vacuum 



Machine Operation 

• Calibrate using Flex Control Software 
– A calibration standard is run daily 
– Single button Calibration 

• Manual alternative 

 

• Samples can be run manually using Flex Control 
– Spectra saved and manually analyzed 



Flex Control 



Biotyper 



Machine Operation 
• Realtime Classification Software (RTC)  

– Automatically captured spectra and analysis 



RTC 



Data sheet 



Meaning of Score Values 

Range Description Symbols Color 

2.3-3 Highly probable species identification (+++) Green 

2-2.299 Secure genus identification, probably species identification (++) Green 

1.7-1.999 Probably genus identification (+) Yellow 

0-1.699 Not reliable identification (-) Red 



Quality Control 

• Bacterial Test Standard (BTS) 
• Used to calibrate machine 

– Escherichia coli >2.2 Score Value 
 
 

 



Quality Control 

• CAP regulation known bacteria run daily 
– Stenotrophomonas maltophilia >2.0 minimum 

score 

• Blank 
– To test reagents and consumables 
– <0 Score Value 

• Extraction blank 
– To test extraction reagents and consumables 
– <0 Score Value 

 
 

 



Cleaning Procedure 

 
 
 
 



Special Considerations 

• Biothreat organisms not included in 
standard library 

 

• Plastics must be avoided 
• Recommend Eppendorf brand tips, tubes, etc 

 

• Chemicals require special handling 
• Formic acid 
• TFA 

 
 



Experiments - degradation 



Experiments - inactivation 

• Concerns with Sentinels using MALDIs 
– Most are in BSL2 area 
– No respiratory PPE used 

 
• Samples thought to be inactivated  

– Overlaid with matrix (containing 2.5% TFA) 
– Vacuum in machine 
– No literature available 

 
• Designed quick experiment to check 



Experiments - inactivation 

• Direct and extracted samples 
 

• Used standard cleaning procedure 
 

• Touched MALDI plate to agar 
• Incubated anaerobic and aerobic conditions 

 

• Standard bacteria (non-spore formers): 
• E coli, Pseudomonas aeruginosa, etc 

• NO GROWTH 
 

 

 
 



Experiments - inactivation 

• Spore forming bacteria: 
– Bacillus subtilis 
– Bacillus cereus 
– Clostridium perfringens 

 

 
 

Incubation Conditions Agar Growth 
Anaerobic  Blood + 
Anaerobic  CHOC + 
Aerobic Blood + 
Aerobic CHOC + 



Biothreat organisms 

Sample True ID MALDI ID Score value Comments 
CAP LPX-04 (Sept 2013) Yersinia entercolotica Yersinia entercolotica 2.426 YP not in library 

CAP LPX-04 (Sept 2013) Yersinia pestis Yersinia pseudotuberculosis 1.616 Not reliable identification 

CAP LPX-06 (Sept 2013) Yersinia pseudotuberculosis Propionibacterium acnes <1.4 Not reliable identification 

True ID MALDI ID Score value Comments 

Clostridium botulinum type B Bergeyella zoohelcum 1.358 
Not reliable identification 
Clostridium botulinum not in regular MALDI library 



Mixtures – direct overlaid 

• One organism was applied to the plate 
• A second organism overlaid 

 
• A dominant organism was sometimes seen: 

– Overlaid or underlaid didn’t seem to matter 
– Unreliable identification (<1.6 seen) 

 
• Sometime alternating IDs 

– Unreliable identification 
• 1.8 best 
• Most 1.5-1.6 

 
 
 



Mixtures – direct mixed 

• Two organisms were mixed together on a slide 
then applied to the plate 
 

• A dominant organism was seen 
– Top 5 hits 
– Sometime second organism #5 or higher 

• Unreliable identification 
– 1.8 best 
– Most 1.5-1.6 

 
 
 



Mixtures – extracted 

• Extracted samples were combined in increasing 
concentrations 
– 10/90% to 90/10% 

• Dominant organism seen until mixtures 50/50% 
• Then second appeared low 

– #10 match, <1.5 Score Value 

• Increased matches as concentration increased 
 



BacT Final ID MALDI Score Value 
Bacillus megaterium Bacillus megaterium 2.218 
Bacillus megaterium Bacillus megaterium 2.144 
Vibrio alginolyticus Vibrio harveyi 2.246 
Campylobacter jejuni subsp. jejuni Camplyobacter jejuni 2.235 
Rahnella aquatilis Rahnella aquatilis 1.919 
Rahnella aquatilis Rahnella aquatilis 1.963 
Vibrio alginolyticus Vibrio alginolyticus 2.235 

Escherichia coli serotype O157:H7, Shigatoxin demonstrated Escherichia coli 2.355 
Escherichia coli Escherichia coli 2.252 
Escherichia coli Escherichia coli 2.422 
Escherichia coli serotype O157:H7, Shigatoxin demonstrated Escherichia coli 2.348 
Escherichia coli Escherichia coli 2.367 
Escherichia coli Escherichia coli 2.316 
Haemophilus influenzae non-typeable biotype II Haemophilus influenzae 2.207 
Escherichia coli Escherichia coli 2.002 
Escherichia coli Escherichia coli 2.351 
Escherichia coli, No shigatoxin demonstrated Escherichia coli 1.758 

Escherichia coli, No shigatoxin demonstrated Escherichia coli 2 

Escherichia coli serotype O111:Nonmotile Escherichia coli 2.433 
Escherichia coli, Shigatoxin demonstrated Escherichia coli 2.286 
Listeria monocytogenes Listeria monocytogenes 2.339 
Listeria monocytogenes Listeria monocytogenes 2.406 
Neisseria elongata subspecies nitroreducens Neisseria elongata 2.157 

Comparison Study Data 



Comparison Study 
• Checked final ID of 115 Bacteriology samples 

 

• Correct ID 90%  
 

• Species ID only 7.8 % 
– Listeria monocytogenes called listeria innocua 
– Vibrio cholerae not O1 called vibrio albensis 

 

• Completely wrong 3.5% 
– E Coli called Vibrio aliginolyticus 
– Vibrio alginolyticus called Thauera linaloolentis 



Questions? 
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