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MALDI-TOF MS 
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- MALDI MS = Matrix-Assisted Laser Desorption/Ionization 
Mass Spectrometry 
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MALDI-TOF MS profiling of bacteria 
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MALDI-TOF MS profiling of bacteria 
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I. Mass spectrometer 

II. Database of reference spectra 

III. Data treatment software 
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MALDI-TOF MS profiling of bacteria 
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Main advantages: 

- few minutes required for identification 

- identification on the species level for > 90% of clinical isolates 

- low analysis costs 

MALDI-TOF MS profiling of bacteria 
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1. Identification of lactobacilli from dairy products 

2. Identification of microbial contaminants of meat products 

3. Identification of African wildlife microflora 

4. Differentiation between Acinetobacter spp. (ACB complex) 

7. Differentiation between S. aureus strains  

6. Differentiation between strains within L. acidophilus group 

5. Identification of Aeromonas spp.  

10 

MALDI-TOF MS profiling of bacteria: 
How far can we go? 



Species identification 
success rate:  

PCR: 77%  
MALDI MS: 93% 

MALDI MS  
genus identification: 5 %  

 
MALDI MS  

not identified: 2 % 

11 

1. Identification of lactobacilli from dairy products: 
 
148 isolates from milk, fermented products and cheese 
  

Dušková M., Šedo O., Kšicová K., Zdráhal Z., Karpíšková R. Int. J. Food Microbiol. 159 (2012) 107. 



MALDI MS species 
identification: 64 %  

 
MALDI MS genus 

identification: 21 %  
 

MALDI MS not 
identified: 15 % 
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2. Identification of microbial contaminants of meat products: 
 
2035 isolates from meat products  
and meat processing facilities 
  

Kameník J., Dušková M., Saláková A., Šedo O. Acta Vet. Brno 82 (2013) 181. 

 

Dušková M., Kameník J., Šedo O., Saláková A., Zdráhal Z., Karpíšková R., Lačanin I. Food Control  50 (2015) 804. 

 

Kameník J., Dušková M., Šedo O., Saláková A., Pavlík Z., Zdráhal Z., Karpíšková R. LWT Food Sci. Technol., 61 (2015) 492.   



Weissella confusa 

Weissella hellenica 

13 

2. Identification of microbial contaminants of meat products: 
 
Identification of unmatching isolates  
by database extension of the reference database 
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MALDI MS species 
identification: 75 %  

 
MALDI MS genus 

identification: 8 %  
 

MALDI MS not 
identified: 17 % 

3. Identification of African wildlife microflora: 
 
144 isolates from excrements of monkeys, 
elephants and other african animals 
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standard sample preparation protocol 

0 100 200 300 400 500 600 700 800 900 1000 

Acinetobacter baumannii NIPH 146 
Acinetobacter baumannii NIPH 1669 
Acinetobacter baumannii NIPH 528 
Acinetobacter baumannii NIPH 70 
Acinetobacter baumannii NIPH 1734 
Acinetobacter baumannii NIPH 527 
Acinetobacter baumannii NIPH 80 
Acinetobacter baumannii NIPH 201 
Acinetobacter baumannii NIPH 615 
Acinetobacter baumannii NIPH 2264 
Acinetobacter baumannii NIPH 67 
Acinetobacter baumannii NIPH 2261 
Acinetobacter baumannii NIPH 190 
Acinetobacter baumannii NIPH 329 
Acinetobacter nosocomialis NIPH 106 
Acinetobacter nosocomialis NIPH 12 
Acinetobacter nosocomialis NIPH 2249 
Acinetobacter nosocomialis NIPH 2120 
Acinetobacter nosocomialis NIPH 386 
Acinetobacter nosocomialis NIPH 2119T 
Acinetobacter nosocomialis NIPH 2265 
Acinetobacter nosocomialis NIPH 2134 
Acinetobacter nosocomialis NIPH 2812 
Acinetobacter baumannii NIPH 335 
Acinetobacter baumannii NIPH 501T I 
Acinetobacter baumannii NIPH 501T II 
Acinetobacter baumannii NIPH 410 
Acinetobacter baumannii NIPH 501T III 
Acinetobacter nosocomialis NIPH 523 
Acinetobacter nosocomialis NIPH 97 
Acinetobacter calcoaceticus NIPH 13 
Acinetobacter calcoaceticus NIPH 2706 
Acinetobacter calcoaceticus NIPH 3804 
Acinetobacter calcoaceticus NIPH 3680 
Acinetobacter calcoaceticus NIPH 2155 
Acinetobacter calcoaceticus NIPH 2262 
Acinetobacter calcoaceticus NIPH 2245T 
Acinetobacter calcoaceticus NIPH 2814 
Acinetobacter calcoaceticus NIPH 2253 
Acinetobacter calcoaceticus NIPH 2254 
Acinetobacter pitii NIPH 14 
Acinetobacter pitii NIPH 2256 
Acinetobacter pitii NIPH 336 
Acinetobacter pitii NIPH 789 
Acinetobacter pitii NIPH 2133 
Acinetobacter pitii NIPH 3870 
Acinetobacter pitii NIPH 3678 
Acinetobacter pitii NIPH 76 
Acinetobacter pitii NIPH 95 
Acinetobacter pitii NIPH 2258 
Acinetobacter pitii NIPH 519T 

Distance Level 
0 100 200 300 400 500 600 700 800 900 1000 

Acinetobacter baumannii NIPH 146 
Acinetobacter baumannii NIPH 1669 
Acinetobacter baumannii NIPH 528 
Acinetobacter baumannii NIPH 70 
Acinetobacter baumannii NIPH 1734 
Acinetobacter baumannii NIPH 527 
Acinetobacter baumannii NIPH 80 
Acinetobacter baumannii NIPH 201 
Acinetobacter baumannii NIPH 615 
Acinetobacter baumannii NIPH 2264 
Acinetobacter baumannii NIPH 67 
Acinetobacter baumannii NIPH 2261 
Acinetobacter baumannii NIPH 190 
Acinetobacter baumannii NIPH 329 
Acinetobacter nosocomialis NIPH 106 
Acinetobacter nosocomialis NIPH 12 
Acinetobacter nosocomialis NIPH 2249 
Acinetobacter nosocomialis NIPH 2120 
Acinetobacter nosocomialis NIPH 386 
Acinetobacter nosocomialis NIPH 2119T 
Acinetobacter nosocomialis NIPH 2265 
Acinetobacter nosocomialis NIPH 2134 
Acinetobacter nosocomialis NIPH 2812 
Acinetobacter baumannii NIPH 335 
Acinetobacter baumannii NIPH 501T I 
Acinetobacter baumannii NIPH 501T II 
Acinetobacter baumannii NIPH 410 
Acinetobacter baumannii NIPH 501T III 
Acinetobacter nosocomialis NIPH 523 
Acinetobacter nosocomialis NIPH 97 
Acinetobacter calcoaceticus NIPH 13 
Acinetobacter calcoaceticus NIPH 2706 
Acinetobacter calcoaceticus NIPH 3804 
Acinetobacter calcoaceticus NIPH 3680 
Acinetobacter calcoaceticus NIPH 2155 
Acinetobacter calcoaceticus NIPH 2262 
Acinetobacter calcoaceticus NIPH 2245T 
Acinetobacter calcoaceticus NIPH 2814 
Acinetobacter calcoaceticus NIPH 2253 
Acinetobacter calcoaceticus NIPH 2254 
Acinetobacter pitii NIPH 14 
Acinetobacter pitii NIPH 2256 
Acinetobacter pitii NIPH 336 
Acinetobacter pitii NIPH 789 
Acinetobacter pitii NIPH 2133 
Acinetobacter pitii NIPH 3870 
Acinetobacter pitii NIPH 3678 
Acinetobacter pitii NIPH 76 
Acinetobacter pitii NIPH 95 
Acinetobacter pitii NIPH 2258 
Acinetobacter pitii NIPH 519T 

Distance Level 

4. Differentiation between Acinetobacter spp.  

(A. baumannii – A. calcoaceticus complex) 

15 
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alternative protocol 

ferulic acid 

12,5 mg/ml in H2O:AcN:FA, 50:33:17, v/v  
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4. Differentiation between Acinetobacter spp.  

(A. baumannii – A. calcoaceticus complex) 

Šedo O., Nemec A., Křížová L., Kačalová M., Zdráhal Z. Syst. Appl. Microbiol. 36 (2013) 572. 
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0 100 200 300 400 500 600 700 800 900 1000 

Acinetobacter nosocomialis NIPH 106 
Acinetobacter nosocomialis NIPH 97 
Acinetobacter nosocomialis NIPH 2134 
Acinetobacter nosocomialis NIPH 2812 
Acinetobacter nosocomialis NIPH 386 
Acinetobacter nosocomialis NIPH 2265 
Acinetobacter nosocomialis NIPH 2120 
Acinetobacter nosocomialis NIPH 12 
Acinetobacter nosocomialis NIPH 2119T 
Acinetobacter nosocomialis NIPH 523 
Acinetobacter nosocomialis NIPH 2249 
Acinetobacter pitii NIPH 14 
Acinetobacter pitii NIPH 95 
Acinetobacter pitii NIPH 336 
Acinetobacter pitii NIPH 2256 
Acinetobacter pitii NIPH 519T 
Acinetobacter pitii NIPH 76 
Acinetobacter pitii NIPH 3678 
Acinetobacter pitii NIPH 3870 
Acinetobacter pitii NIPH 2133 
Acinetobacter pitii NIPH 2258 
Acinetobacter pitii NIPH 789 
Acinetobacter baumannii NIPH 501T II 
Acinetobacter baumannii NIPH 501T III 
Acinetobacter baumannii NIPH 146 
Acinetobacter baumannii NIPH 601 
Acinetobacter baumannii NIPH 80 
Acinetobacter baumannii NIPH 190 
Acinetobacter baumannii NIPH 67 
Acinetobacter baumannii NIPH 1669 
Acinetobacter baumannii NIPH 70 
Acinetobacter baumannii NIPH 2264 
Acinetobacter baumannii NIPH 410 
Acinetobacter baumannii NIPH 615 
Acinetobacter baumannii NIPH 527 
Acinetobacter baumannii NIPH 528 
Acinetobacter baumannii NIPH 501T I 
Acinetobacter baumannii NIPH 1734 
Acinetobacter baumannii NIPH 201 
Acinetobacter baumannii NIPH 329 
Acinetobacter baumannii NIPH 335 
Acinetobacter calcoaceticus NIPH 13 
Acinetobacter calcoaceticus NIPH 2253 
Acinetobacter calcoaceticus NIPH 2254 
Acinetobacter calcoaceticus NIPH 2706 
Acinetobacter calcoaceticus NIPH 2814 
Acinetobacter calcoaceticus NIPH 2262 
Acinetobacter calcoaceticus NIPH 3680 
Acinetobacter calcoaceticus NIPH 3804 
Acinetobacter calcoaceticus NIPH 2155 
Acinetobacter calcoaceticus NIPH 2245T 

Distance Level 

0 100 200 300 400 500 600 700 800 900 1000 

Acinetobacter nosocomialis NIPH 106 
Acinetobacter nosocomialis NIPH 97 
Acinetobacter nosocomialis NIPH 2134 
Acinetobacter nosocomialis NIPH 2812 
Acinetobacter nosocomialis NIPH 386 
Acinetobacter nosocomialis NIPH 2265 
Acinetobacter nosocomialis NIPH 2120 
Acinetobacter nosocomialis NIPH 12 
Acinetobacter nosocomialis NIPH 2119T 
Acinetobacter nosocomialis NIPH 523 
Acinetobacter nosocomialis NIPH 2249 
Acinetobacter pitii NIPH 14 
Acinetobacter pitii NIPH 95 
Acinetobacter pitii NIPH 336 
Acinetobacter pitii NIPH 2256 
Acinetobacter pitii NIPH 519T 
Acinetobacter pitii NIPH 76 
Acinetobacter pitii NIPH 3678 
Acinetobacter pitii NIPH 3870 
Acinetobacter pitii NIPH 2133 
Acinetobacter pitii NIPH 2258 
Acinetobacter pitii NIPH 789 
Acinetobacter baumannii NIPH 501T II 
Acinetobacter baumannii NIPH 501T III 
Acinetobacter baumannii NIPH 146 
Acinetobacter baumannii NIPH 601 
Acinetobacter baumannii NIPH 80 
Acinetobacter baumannii NIPH 190 
Acinetobacter baumannii NIPH 67 
Acinetobacter baumannii NIPH 1669 
Acinetobacter baumannii NIPH 70 
Acinetobacter baumannii NIPH 2264 
Acinetobacter baumannii NIPH 410 
Acinetobacter baumannii NIPH 615 
Acinetobacter baumannii NIPH 527 
Acinetobacter baumannii NIPH 528 
Acinetobacter baumannii NIPH 501T I 
Acinetobacter baumannii NIPH 1734 
Acinetobacter baumannii NIPH 201 
Acinetobacter baumannii NIPH 329 
Acinetobacter baumannii NIPH 335 
Acinetobacter calcoaceticus NIPH 13 
Acinetobacter calcoaceticus NIPH 2253 
Acinetobacter calcoaceticus NIPH 2254 
Acinetobacter calcoaceticus NIPH 2706 
Acinetobacter calcoaceticus NIPH 2814 
Acinetobacter calcoaceticus NIPH 2262 
Acinetobacter calcoaceticus NIPH 3680 
Acinetobacter calcoaceticus NIPH 3804 
Acinetobacter calcoaceticus NIPH 2155 
Acinetobacter calcoaceticus NIPH 2245T 

Distance Level 

alternative sample preparation protocol 

20 

4. Differentiation between Acinetobacter spp.  

(A. baumannii – A. calcoaceticus complex) 

17 



5. Identification of Aeromonas spp. 

 

11 novel species absent from the database  

Aeromonas spp. CCM No. Identification against database Biotyper log(score) 

A. aquariorum 7695T 
A. jandaei 

A. hydrophila 

2.369 

2.337 

A. australiensis 8484T 
A. jandaei 

A. hydrophila 

2.376 

2.357 

A. bivalvium  7467T A. veronii 2.216 

A. cavernicola  7641T 
A. media 

A. hydrophila 

2.144 

2.123 

A. diversa 7325T A. schuberti 2.388 

A. fluvialis  8437T 
A. veronii 

A. hydrophila 

2.389 

2.381 

A. piscicola  7715T 
A. bestiarum 

A. salmonicida ssp. salmonicida 

1.954 

1.870 

A. rivuli  8438T A. molluscorum 2.362 

A. sanarellii 7886T 
A. caviae 

A. hydrophila 

2.441 

2.406 

A. taiwanensis  7885T 
A. caviae 

A. hydrophila  

2.381 

2.378 

A. tecta  7605T A. eucrenophila 2.425 

Vávrová A., Balážová T., Sedláček I., Tvrzová L., Šedo O. Folia Microbiologica 60 (2015) 375. 
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6. Differentiation between strains  

within L. acidophilus group 

19 



6. Differentiation between strains  

within L. acidophilus group 

0 100 200 300 400 500 600 700 800 900 1000 

Lactobacillus helveticus CCM 4287 I 

Lactobacillus helveticus CCM 4287 III 

Lactobacillus helveticus CCM 4287 II 

Lactobacillus helveticus CCM 3806 I 

Lactobacillus helveticus CCM 3806 III 

Lactobacillus helveticus CCM 3806 II 

Lactobacillus helveticus CCM 7193 I 

Lactobacillus helveticus CCM 7193 II 

Lactobacillus helveticus CCM 7193 III 

Distance Level 

20 



6. Differentiation between strains  

within L. acidophilus group 

0 100 200 300 400 500 600 700 800 900 1000 

Lactobacillus crispatus CCM 7010 I 

Lactobacillus crispatus CCM 7010 III 

Lactobacillus crispatus CCM 7010 II 

Lactobacillus crispatus CCM 7776 I 

Lactobacillus crispatus CCM 7776 II 

Lactobacillus crispatus CCM 7776 III 

Lactobacillus crispatus CCM 7777 I 

Lactobacillus crispatus CCM 7777 III 

Lactobacillus crispatus CCM 7777 II 

Distance Level 

21 



7. Differentiation between S. aureus strains  

0 100 200 300 400 500 600 700 800 900 1000 

Staphylococcus aureus CCM 885T II 

Staphylococcus aureus CCM 885T I 

Staphylococcus aureus CCM 885T III 

Staphylococcus aureus CCM 2352 III 

Staphylococcus aureus CCM 2352 I 

Staphylococcus aureus CCM 2352 II 

Staphylococcus aureus CCM 2022 III 

Staphylococcus aureus CCM 2022 II 

Staphylococcus aureus CCM 2022 I 

Staphylococcus aureus CCM 2351 III 

Staphylococcus aureus CCM 2351 II 

Staphylococcus aureus CCM 2351 I 

Staphylococcus aureus CCM 2107 III 

Staphylococcus aureus CCM 2107 II 

Staphylococcus aureus CCM 1484 III 

Staphylococcus aureus CCM 1484 II 

Staphylococcus aureus CCM 1484 I 

Staphylococcus aureus CCM 2107 I 

standard sample preparation protocol 
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7. Differentiation between S. aureus strains  
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alternative protocol II 

2 min microwave assisted proteolysis by trypsin 

α-cyano-4-hydroxycinnamic acid 

saturated in H2O:AcN:TFA, 47.5:50:2,5, v/v 

23/celkem 23 



7. Differentiation between S. aureus strains  

0 100 200 300 400 500 600 700 800 900 1000 

Staphylococcus aureus CCM 885T TRY 2 min  I  

Staphylococcus aureus CCM 885T TRY 2 min  III  

Staphylococcus aureus CCM 885T TRY 2 min  II  

Staphylococcus aureus CCM 1484 TRY 2 min  I  

Staphylococcus aureus CCM 1484 TRY 2 min  II  

Staphylococcus aureus CCM 1484 TRY 2 min  III  

Staphylococcus aureus CCM 2352 TRY 2 min  I  

Staphylococcus aureus CCM 2352 TRY 2 min  II  

Staphylococcus aureus CCM 2352 TRY 2 min  III  

Staphylococcus aureus CCM 2107 TRY 2 min  III  

Staphylococcus aureus CCM 2107 TRY 2 min  II  

Staphylococcus aureus CCM 2107 TRY 2 min  I  

Staphylococcus aureus CCM 2351 TRY 2 min  I  

Staphylococcus aureus CCM 2351 TRY 2 min  II  

Staphylococcus aureus CCM 2351 TRY 2 min  III  

Staphylococcus aureus CCM 2022 TRY 2 min  I  

Staphylococcus aureus CCM 2022 TRY 2 min  II  

Staphylococcus aureus CCM 2022 TRY 2 min  III  

alternative protocol II 

Balážová T., Šedo O., Štefanić P., Mandić-Mulec I., Vos M., Zdráhal Z. Rapid Commun. Mass Spectrom. 28 (2014) 1855. 
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8. Beer fingerprinting by MALDI-TOF MS  

1. Identification of lactobacilli from dairy products 

MALDI-TOF MS profiling of bacteria: 
How far can we go? 

2. Identification of microbial contaminants of meat products 

3. Identification of African wildlife microflora 

4. Differentiation between Acinetobacter spp. (ACB complex) 

6. Differentiation between strains within L. acidophilus group 

5. Identification of Aeromonas spp.  

7. Differentiation between S. aureus strains  
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8. Beer fingerprinting by MALDI-TOF MS  
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100 200 300 400 500 600 700 800 900 1000 

Brewery 1 bottle 3   

Brewery 1 bottle 4   

Brewery 1 bottle 5   

Brewery 1 bottle 1   

Brewery 1 bottle 2   

Brewery 2 bottle 3   

Brewery 2 bottle 4   

Brewery 2 bottle 5   

Brewery 2 bottle 1   

Brewery 2 bottle 2   

Brewery 3 bottle 1   

Brewery 3 bottle 2   

Brewery 3 bottle 3   

Brewery 3 bottle 4   

Brewery 3 bottle 5   

Distance Level 

8. Beer fingerprinting by MALDI-TOF MS 
 

Five bottles from three breweries  
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0 100 200 300 400 500 600 700 800 900 1000 

Pilsner Urquell bottle 3 analysis I 
Pilsner Urquell bottle 3 analysis II 
Pilsner Urquell bottle 1 analysis I 
Pilsner Urquell bottle 1 analysis II 
Pilsner Urquell bottle 2 analysis I 
Pilsner Urquell bottle 2 analysis II 
Branik bottle 1 analysis I 
Branik bottle 1 analysis II 
Branik bottle 3 analysis I 
Branik bottle 3 analysis II 
Starobrno bottle 1 analysis II 
Starobrno bottle 2 analysis I 
Starobrno bottle 3 analysis I 
Starobrno bottle 3 analysis II 
Starobrno bottle 2 analysis II 
Budweiser Budvar bottle 1 analysis I 
Budweiser Budvar bottle 1 analysis II 
Budweiser Budvar bottle 2 analysis I 
Budweiser Budvar bottle 3 analysis I 
Primator bottle 1 analysis I 
Primator bottle 1 analysis II 
Cerna Hora bottle 2 analysis I 
Rychtar bottle 2 analysis II 
Rychtar bottle 3 analysis I 
Rychtar bottle 1 analysis I 
Rychtar bottle 2 analysis I 
Rychtar bottle 3 analysis II 
Rychtar bottle 1 analysis II 
Budweiser Budvar bottle 2 analysis II 
Budweiser Budvar bottle 3 analysis II 
Cerna Hora bottle 1 analysis I 
Cerna Hora bottle 1 analysis II 
Cerna Hora bottle 3 analysis I 
Cerna Hora bottle 3 analysis II 
Cerna hora bottle 2 analysis II 
Primator bottle 2 analysis I 
Primator bottle 2 analysis II 
Primator bottle 3 analysis I 
Primator bottle 3 analysis II 
Krusovice bottle 3 analysis I 
Staropramen bottle 3 analysis I 
Branik bottle 2 analysis I 
Branik bottle 2 analysis II 
Staropramen bottle 2 analysis II 
Staropramen bottle 2 analysis I 
Gambrinus bottle 1 analysis I 
Gambrinus bottle 1 analysis II 
Gambrinus bottle 3 analysis I 
Gambrinus bottle 3 analysis II 
Gambrinus bottle 2 analysis I 
Gambrinus bottle 2 analysis II 
Krusovice bottle 1 analysis II 
Krusovice bottle 2 analysis I 
Krusovice bottle 3 analysis II 
Starobrno bottle 1 analysis I 
Krusovice bottle 2 analysis II 
Zlaty Bazant bottle 3 analysis I 
Zlaty Bazant bottle 3 analysis II 
Zlaty Bazant bottle 2 analysis I 
Zlaty Bazant bottle 2 analysis II 
Staropramen bottle 1 analysis I 
Staropramen bottle 3 analysis II 
Staropramen bottle 1 analysis II 
Velkopopovicky Kozel bottle 1 analysis I 
Velkopopovicky Kozel bottle 2 analysis I 
Velkopopovicky Kozel bottle 1 analysis II 
Velkopopovicky Kozel bottle 3 analysis I 
Velkopopovicky Kozel bottle 3 analysis II 
Velkopopovicky Kozel bottle 2 analysis II 
Krusovice bottle 1 analysis I 
Heineken bottle 1 analysis I 
Zlaty Bazant bottle 1 analysis I 
Heineken bottle 2 analysis I 
Zlaty Bazant bottle 1 analysis II 
Heineken bottle 1 analysis II 
Heineken bottle 3 analysis I 
Heineken bottle 2 analysis II 
Heineken bottle 3 analysis II 
Bernard bottle 1 analysis I 
Bernard bottle 1 analysis II 
Bernard bottle 2 analysis I 
Bernard bottle 2 analysis II 
Bernard bottle 3 analysis II 
Bernard bottle 3 analysis I 
Carlsberg bottle 1 analysis I 
Carlsberg bottle 1 analysis II 
Carlsberg bottle 2 analysis II 
Carlsberg bottle 2 analysis I 
Carlsberg bottle 3 analysis I 
Carlsberg bottle 3 analysis II 
Stella Artois bottle 1 analysis I 
Stella Artois bottle 1 analysis II 
Stella Artois bottle 2 analysis II 
Stella Artois bottle 2 analysis I 
Stella Artois bottle 3 analysis I 
Stella Artois bottle 3 analysis II 
Corona bottle 1 analysis I 
Corona bottle 1 analysis II 
Corona bottle 3 analysis I 
Corona bottle 2 analysis I 
Corona bottle 2 analysis II 
Corona bottle 3 analysis II 
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