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Alphaproteobacteria 

Rhizobiales 

Brucellaceae 

Brucella 

B. canis 

B. abortus biovar 1, 2, 3, 4, 5, 6, 9  

B. inopinata 

B. melitensis biovar 1, 2, 3 

B. suis biovar 1, 2, 3, 4, 5 

B. ovis 

B. neotomae 

B. microti 

B. ceti 

B. pinnipedialis 

Multilocus enzyme electrophoresis (MLEE) 

highligths a limitated genetic diversity and 

supports the proposal of a monospecific genus  

Serological agglutination with smooth 

lipopolysaccharide and associated antigens A 

and M allows the biovar clissification 

http://www.google.it/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.cibo360.it/cibo_salute/digestione/brucellosi.htm&ei=MYhrVOz5LYfWar2DgfAM&psig=AFQjCNHBM67YwBt-XA3NzXdnpw3a8omlbg&ust=1416419648234971


Why is important to identify Brucella species? 

• Rapid automated system often give misidentification 

 

• PCR shows high sensitivity and specificity but remains cumbersome and with 

standardization problems 

• The identification of the Brucella species is important and necessary for the 

different pathogenic impact for the host (specie-specificity) 

 

• Identify the circulating Brucella species and biovar may be important for 

epidemiological studies, to identify the reservoir and deploy informed control 

strategies to prevent the spread of the infection (relevant economic impact in the 

primary sector and for public health) 



Assay based on the amplification of species-

specific-sized products using five primers: one 

hybridizes to IS711 element and the others to one 

of the species-specific regions adjacent to the 

element 

AMOS PCR assay 

Bruce-ladder PCR assay 
Species- or strain-specific genetic 

differences used to design PCR primers 

Mw 

(bp) 
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218 

152 



Multi locus variable number tandem repeats (MLVA)assay 

Perfect correlation of classical typing, 

omp31 PCR-RFLP, AMOS-ery-PCR and 

MLVA assay 

 

MLVA was the only assay to highlight 

epidemiological relationship between strains 



Identification 

Host specificity 

Pathogenicity 

Minor phenotypic differences 

DNA based 
approaches 

“AMOS PCR” 

“Bruce-ladder” 

(Multiplex PCR) 

MLVA 
(Multi locus variable 

number tandem 
repeat analysis 

MALDI TOF 

5 minutes 



time 

Mass spectrometry and bacteria identification 

1975: Anhalt and 

Fenselau combined 

pyrolysis and MS to 

characterize some 

pathogenic bacteria 

1980: the develop of 

soft ionization allows  

to analyze large 

molecules 

1996: MALDI-TOF 

bacteria protein 

spectra can be rapidly 

and simply obatained 

from whole cells 

without a previous 

treatment 

Today: MALDI-TOF 

used for routine in 

clinical microbiology 

laboratories 

• Proteome is very dynamic in living cells: the pattern of proteins could change in response to growth 

conditions 

• Doubts on the differences and similarities in mass spectral patterns to establish taxonomy 

• Lack of comprehensive databases covering all clinically relevant species 

• From the point of view of microbiologists, the identification procedures seemed too simple relative to 

the complexity of the task 

• Identify an organism in a sample in only a fraction of the time required by an expert seemed 

unreliable 

• Most of the early publications involving MALDI-TOF MS-based identification appeared in journals 

most microbiologists do not access regularly 



Analytical chemistry 2012 Nature reviews microbiology 2013 



Standard assay vs new MALDI-TOF assay for 

clinical diagnosis 

time 0 

Septic patient 

Blood culture 

Incubation 
Positive 

blood culture 

t? 

Identification 

Sensitivity test 

24-48h 48-72h 

Final diagnostic result 

GRAM stain 

MALDI-TOF 

identification 

Empiric treatment 

Specific treatment 



• Alphacyano-4-hydroxycinnamic 

acid 

 

 

• 2,5-dihydroxybenzoic acid 

 

1. Spectral fingerprints 

vary between 

microorganisms 

2. Among the compounds 

detected in the spectra, 

some peaks (molecular 

masses) are specific to 

the genus, species, and 

sometimes subspecies 

levels. 

3. Spectra are reproducible 

as long as the bacteria 

are grown under the 

same conditions 



• Cellular compounds detected:  

mostly ribosomal proteins or DNA-binding proteins but also complex lipids and 

polysaccharydes 

• Proteins detected:  

extractable, soluble, moderately hydrophilic, stable, and abundant 

• Determination of proteins mass signal intensities: 

favored by abundance, stability, amino acid composition (esp. Arg and Lys) 

Range of detection MALDI-TOF (2-20kDa) 

Biomarkers 



MALDI-TOF applications 



MASS 

SPECTROMETRY 

 BACTERIA 

IDENTIFICATION 
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Direct method:  
• Touch colony with transfer device, such as toothpick 

• Transfer a small amount onto spot  

• Cover with 1μL of HCCA Matrix, let air dry  

• Analyze  

Bacteria 
identification 

MALDI-TOF sample preparation 

5 minutes 



Ethanol/Formic Acid Extraction: 
• Pick colony  

• Resuspend in 300μl H2O  

• Add 900μl ethanol  

• Inactivation/storage/shipment  

• Add 70% formic acid and ACN  

• Centrifuge  

• Pipette 1μl onto target 

• Cover with 1μL of HCCA Matrix, let air dry  

• Analyze  

 Bacteria and yeasts 

identification 

MALDI-TOF sample preparation 

15 minutes 

http://it.wikipedia.org/wiki/File:Flaconi_bactec.PNG


Software MALDI Biotyper  



Calculation of 

matching score: 

Rel. score = % matches of the reference sample 

Rel. P-Num = % matches of the unknown spectrum 

I-Corr  = value of intensity correlation 

Unknown 

isolate 
Match against 

reference database 

Identification 

result 

Unknown spectrum 

Reference spectrum 

unmatched 

matched 

Software MALDI Biotyper  





Benefits: 

- rapidity 

- specificity 

- cost 

- standardization 

- possibility to use Biotyper reference or 

home-made Brucella library 



- Home-made reference library 

- Bruker standard protocol 

- 152 strains analyzed 

- 98% was correctly identified 

- Bruker reference library 

- Bruker standard protocol 

- 207 strains analyzed 

- 92% was correctly identified 

at species level  



Database creation 



Database strains Biovar 

B.abortus RB51/ST14 

1 

B.abortus/A7 

B.abortus/ST19 

B.abortus/ST20 

B.abortus/ST21 

B.abortus/A5 
6 

B.abortus/ST29 

B.abortus/ST31 7 

B.abortus/ST33 
9 

B.abortus/ST35 

B.canis/ST53 

B.melitensis/ST1 

1 B.melitensis/ST4 

B.melitensis/ST7 

B.melitensis/ST10 2 

B.melitensis /A1 

3 

B.melitensis /A2 

B.melitensis /A4 

B.melitensis/PU8 

B.melitensis/PU9 

B.melitensis/PU11 

B.neotomae/ST55 

B.ovis/ST50   

B.suis/ST38 1 

B.suis/ST46 3 

B.suis/ST49 5 

Unknown 
strains 

Database 
strains 



At the species level, a total of 93% of bacterial samples were correctly 

identified… 

Incorrect biovar assignments were found in: 

- B. abortus 23/39 

- B. melitensis 4/53 

MALDI Biotyper results 

Sample   No. Correct/ total No. Incorrect/ total Misdiagnosis (No) 

B. melitensis 53/53 

B. abortus 36/39 3/39 B. suis (3) 

B. suis 4/5 1/5 B. melitensis 

B. ovis 1/1 

B. canis 0/1 1/1 B. abortus 

B. neotomae   0/1 1/1 B. abortus 

• Automatic identification 

 

• Analogue identification in at least two 

well 

 

• View the highest score  



Phenotyping                                                        Genotyping 

• Multiple  susceptibility tests 

• Phagetyping 

• Serotyping 

• Biochemical typing 

Used to understand the 

epidemiology of a small 

community or 

healthcare – associated 

infections 

Developed for individual 

bacteria taxa and not 

transferable to other taxa 

without considerable 

adaptation 

• Pulsed field gel 

electrophoresis (PFGE) 

• Whole genome sequencing 

Possibility to look for  

epidemiological 

relationships between 

strains in a larger 

population range 

More complex approach 

MALDI-

typing 

Without additional step 

Cheap 

Easy to perform 

Reproducibility 

 

Lack of guidelines 
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Correlation index 



Brucella melitensis dendrogram 



Brucella abortus dendrogram 



B. abortus 

B. melitensis bv3 

B. suis 

B. melitensis 

Brucella MALDI-Typing 



Conclusions 

 Growth conditions show a good standardization of sample 

treatment 

 

 Our protein extraction method is faster and safer than “old” 

methods, with inactivated sample after cell lysis 

 

Possibility to analyze inactivated samples shipped from other 

centers 

 

 New home-made database highlights an excellent resolution as 

species identification 

 



For the next future… 
 Include negative controls in the database (Rhizobium, Ochrobactrum) 

 

 Increase the number of Brucella strains in the database 

 

 Increase the number of Brucella species with different biovar 

 

 Assess the clustering of different strains using MALDI-TOF assay with gold 

standard MLVA analysis and more recent whole genome sequencing to better 

understand the relationship between circulating strains and infected hosts 

 



BACTERIA 

SUSCEPTIBILITY 

DETERMINATION 

MIC 



Resuspension in 

antibiotic 

solution 

β-lactamic ring 

hydrolysis evaluation 

Resuspension in 

antifungal 

solution 

Composite correlation 

index (CCI) evaluation 

MALDI-TOF 

spectra acquisition 

Enterobacteriaceae 

Candida 

New generation of susceptibility test… 



Hydrolyzed form 

Not hydrolyzed form 

Positive β-lactamase = R 

Negative β-lactamase = S 

Cefotaxime hydrolysis 



No CSF 
 1 μg/ml 

2 μg/ml 

4 μg/ml 

8 μg/ml 

16 μg/ml 

32 μg/ml 

64 μg/ml 

128 μg/ml 

MPCC 

C. albicans cells exposed to CSF scalar dilutions 

CSF 2 μg/ml  

CSF 4 μg/ml 



• Discrimination of highly related species 

 

• Reduced time of identification compared to conventional methods (Vlek AL et al. 2012) 

 

• Reduced time (11.9 vs 9.3 days) and costs of hospitalization ($ 45,709 vs $ 

26,126) (Perez KK et al. 2013) 

 

• Reduction of mortality: 20.3 % vs 14.5 % (Huang AM et al . 2013) 

•   Exhaustive and shared database 

 

•   Typing intra – species 

 

•   Revelation bacterial and fungal toxins 

 

•   Rapid and automated detection of drug resistance 

MALDI-TOF in microbiological diagnostic 



Gabriel Gomez et al, 2013  
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