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Overview 

• Background 

• Detection of VRE 

– Article published in prominent journal 

– Method in ongoing use in large clinical microbiology 

laboratory 

– Implications significant including for hospital infection 

control 

• Relatedness  

• Detection of other mechanisms of resistance 

Mater 

• Public and private; adults, mother’s and 

children’s (multiple campuses) 

– ~1100 beds 

• Outpatient service 

• 4 ICU’s, large oncology/haematology 

service 

• Research (MMRI) 

• Mater pathology “Omics laboratory” 

– Specialised proteomics lab 

• MALDI-TOF  MS instrument since ~ 2008 

 

Mater MALDI experience 

• Ongoing projects 

– Identification of cepacia complex 

– Direct identification from BC bottles 

– Beta lactamase detection 

• Rapid identification of VRE 

– Published 2012 

• Typing of PVL-positive NM MRSA in an 

outbreak in the neonatal ICU 

– Published 2010 



MALDI-TOF 

• First proposed over 35 years ago 

• Anhalt and Fenselau 1975 

• Recently become mainstream microbiology instrument 

worldwide (2008) 

• 2 main commercial instruments 

– Bruker Microflex 

– bioMerieux Vitek MS 

• Also shimadzu AXIMA iD plus 

• Now more than 10 instruments in Australia 

MALDI in the literature; Pubmed 

 

 

– MALDI-TOF MS and Identification = 5843 

 

 

 

 

– MALDI-TOF MS and Microbiology = 1786 

 

 

 

 

– MALDI-TOF MS and  

 Antimicrobial resistance = 231 

 

Background - VRE 

• VRE colonisation and infection rates are increasing in 

Australian hospitals (1), (2) and (3) 

– First isolated from a liver transplant recipient in Melbourne 

in 1994 (12) 

– First reported in QLD in 1996 (11) and (16) 

– Prevalence of vancomycin resistance in E. faecium around 

Australia increased from 7.2% in 2005 to 15.4% in 2007 

(6) and (7) 

– CHRISP data  

• screens; VRE 0.3% in 2006 to 3.6% in 2011 

• clinical; VRE 0.1% in 2006 to 3.3% in 2011 (5) 

– Diagnosis is becoming increasingly important 

Background continued 

• Current methods for diagnosing VRE 

– Phenotypic 

• Gram stain; GPC in chains 

• Bench tests; Catalase negative, Positive pyr, Negative overnight 

mgp 

• Absent motility 

• Vitek 2 identification and susceptibility 

– Time consuming; often at least 3 days 

– Quantifiable consumable cost; ~ $25-$30 

– Molecular 

• Multiplex including D-alanine:D-alanine ligase (ddl) for species 

and VanA and VanB 

– Requires molecular facility with highly trained staff 

– Limited availability 

– Black box technology available but very expensive (~$70) 

 (high false positive rate, no ddl) 

Biological plausibility 

• The vanB gene cluster consists of 7 genes 

whose products result in resistance to 

vancomycin  

– via alterations in the antibiotic binding site 

– Any one, or possibly the combination, of these 

polypeptides could alter the spectra obtained by 

MALDI-TOF MS sufficiently to enable identification of 

vancomycin resistance in enterococci 

Aims 

• utilise specialised post data acquisition analysis methods 

to demonstrate that MALDI-TOF MS is capable of 

differentiating vancomycin sensitive from vancomycin 

resistant (vanB positive) E. faecium’s  

– in a much more rapid timeframe than existing methods 

(minutes versus days).  

• translate this information back into the routine diagnostic 

laboratory to enable the rapid identification of VRE from 

clinical specimens.  

 

• investigate the use of MALDI-TOF MS to determine 

epidemiologic relatedness of VRE isolates. 

 



Methods-Design 

• Consecutive unique Enterococcus faecium 

isolates 

– Phenotypically suspected and confirmed by vanB PCR 

– January 2009 to June 2010 

• Analysed using Bruker microflex 

• 4 control groups similarly analysed 

– 8 E. faecium isolates phenotypically suspected to be 

Vanco R but found to lack vanB (and vanA) by PCR 

– Non-VRE E. faecium (ATCC 19434) 

– vanA positive E. faecium 

– Non-VRE E. faecalis (ATCC 51299) 

Methods-MS 

• For the initial phase of the study, ethanol formic acid 

extraction method was utilised 

• Physical disruption of peptidoglycan in the Gram+ cell wall 

using direct colony methods not ideal to prepare proteins for 

MALDI-TOF MS analysis 

• Direct methods can reduce resolution due to metabolites, 

pigments and / or agar interfering with the crystallisation 

process (9) 

• Extraction methods superior for many gram positive species 

including enterococci (1) 

• Ethanolcentrifugeformic acidacetonitrile 

– 1µL of supernatant placed onto target 

– Overlayed with 1µL matrix 

• MALDI-TOF MS data acquired as per proprietary method 

(2, 000 – 20, 000 Da, linear positive method) 

 

Methods-Data analysis 

• Data analysed using ClinProTools 
• XML’s generated using ClinProtSpectraImport 

XML Generator 

• XML’s analysed in ClinProTools 

• Data prepared by recalibrating, average peak list 

calculation and peak calculation 

– Models generated using all 4 algorithms 

• Genetic algorithm (GA) 

• Support vector machine (SVM) 

• Supervised neural network (SNN) 

• Quick classifier (QC) 

ClinProTools interface; Model Generation 

 

Step 1: 

File / 

Open Model 

Generation Class 

ClinProTools interface; Model Generation 

 

Step 2: 

New / 

Select Algorithm / 

Specific Settings / 

Enter Model Name 

 

ClinProTools interface; Model Generation 

 
Step 3: 

Calculate 

(includes spectra recalibration, 

spectra averaging and peak 

calculation) 

 



ClinProTools interface; Model Generation 

 Step 4: 

Model List /  

View parameters of all models  

 

ClinProTools interface; Model Generation 

 
Step 5: 

Show /  

Shows model report 

Spectra View shows peaks 

incorporated into the model 

now in red instead of blue 

Classification algorithms 
• Support Vector Machine (SVM): Motivated from statistical learning 

theory and is at first used to determine separation planes between 

the different data classes. Upon the obtained planes, a peak 

ranking can be calculated in a second step. 

• Quick Classifier (QC): A univariate sorting algorithm. The class 

averages of the peak areas are stored in the model together with 

some statistical data like the p-values at certain peak positions. For 

classification, the peak areas/intensities are sorted per peak and a 

weighted average over all peaks is calculated. 

• Genetic Algorithm (GA): Mimics evolution in nature and is used to 

select the peak combinations which are most relevant for separation 

• Supervised Neural Network (SNN): A prototype-based 

classification algorithm. The SNN tries to identify some 

characteristic spectra for each class, which are named prototypes, 

and could be somehow considered as prototypical samples of that 

class 

Classification algorithms 

 

Methods-Internal validation 

• Two thirds of both positive and negative isolates 

randomly allocated into discovery set 

– VRE positive isolates n = 44 

– Controls n = 18 

– i.e. set the model up with 2/3 of isolates 

• Remaining third of each allocated into validation set 

– VRE positive isolates n = 22 

– Controls n = 9 

– i.e. take out 1/3 to run essentially as new samples 

• After model calculation (SVM), validate function in 

ClinProTools utilised  

– establishes robustness of class separation 

• Run 3 times 

 

ClinProTools interface; Validate 

 



Methods-Prospective validation 

• Changes made to database  

– PCR proven vanB positive isolates = “VRE positive” 

– Clinically suspected but vanB PCR negative isolates = “VRE 

negative” 

• Analysed in parallel during Jan and Feb 2012 

– All growth on VRE screening media (containing vancomycin 

6µg/mL)  

– Any clinical isolates suspected of VRE 

• Direct colony method  

– Spectral resolution necessary for initial higher level proteomic 

analysis and generation of reference spectra not required 

– Validated for routine identification of blood cultures already 

 

 

Changing the database or MSP creation 

• MSP (Main Spectrum) 

– Basis of classification 

– Reference spectrum or peak list 

– Created by analysing spectra from well 

characterised samples 

– Usually approximately 20 spectra required 

– Software generates peak lists from entire data 

set 

– Creates MSP by extracting information on peak 

mass, frequency and intensity distribution 

Changing the database or MSP creation 

• To create a standard main spectrum (MSP) 

– Find spectrum file folder (File>Add 

Spectra>Browse) 

– Can select preprocessing method or MSP 

creation method (optional) 

– Highlight the files 

– Select action>MSP creation>Create MSP 

– Enter a name for new MSP (ie VRE positive) 

Results 

• 67 VanB VRE E. faecium’s isolated 

• 4 E. faecalis VanB VRE (6%) 

• No VanA’s 

• 6 of 67 were clinical specimens 

– 2 sputum 

– 4 urine 

• 7 positive clinical specimens in colonised 

– 3 blood cultures (bacteraemic rate = 4.5%) 

– 2 urine 

– 1 sputum 

– 1 wound 

Results-Distribution by month 
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Mean 3.7 cases/month 

Peak 13 cases October 2009 

Outbreak declared 

Results-MALDI identification 

• 66 (98.5%) of the VRE’s identified correctly compared to ddl 

PCR 

– Mean score 2.456 (1.924-2.592) 

• “highly probable species identification” 

– 1 incorrect 

• E. gallinarum DSM 20717_DSM score 1.818 

• E. casseliflavus DSM 20382 DSM score 1.784 

– Ordinarily should repeat 

• Controls analysed a total of 49 times 

• 8 pcr negative controls in duplicate 

• Other 3 controls a total of 11 times each 

– All correct 

• Total accuracy to species level 99.13% 



Results-MALDI identification 

Identification with proprietary 

database (despite the presence of a 

VRE in the database) gives no 

indication of the presence of VanA or 

VanB 

Results-ClinProTools 

• All 4 models yielded similar results 

– And used same peaks 

• SVM (Support vector machine) gave best 

results 

– Sensitivity 99.24% 

– Specificity 88.45% 

• The important peaks from all models were 

2, 21, 23, 28 and 45 

Results-Peak statistics 

All 

significant 

Observed intensity 

differences of the individual 

peaks are not based on 

coincidence 

p value  
(Wilcoxon test / Kruskal –Wallis test) 

 
Peak 2 

 
Controls 

VRE’s 

 
Peak 23 

 
Controls 

VRE’s 

 

Results-Receiver operator curves 

Perfect test 

Perfect test Perfect test 

Perfect test 

AUC=0.9 

AUC=0.8 

AUC=0.7 

AUC=0.8 



  

Average sensitivity 92.4% 

 

Average specificity 85.2% 
 

Results-Validation 

SVM:  

-specificity 95.04% 

-sensitivity 100% 
  

Peak 36 

Peak 36 AUC = 100 

Results-VanA vs VanB 

Results-Prospective validation 

• 281 spots from 129 samples 

– 271 (96%) from screening swabs 

– 5 clinical specimens analysed (in duplicate) 

• 274 (97.5%) correctly identified 

– Compared to routine phenotypic methods 

– 7 (2.5%) incorrectly identified 

• 4 (1.4%) false negatives and 3 (1.1%) false positives 

• Sensitivity 96.7% and specificity 98.1% 

• Key points 

– Relevance to routine diagnostic lab 

– Able to be performed by all lab staff (without the same level of training 

required for molecular methods) 

– Significantly larger sample size 

– Validated method for ongoing routine use 

 

Conclusions 

• MALDI-TOF MS can accurately and reliably distinguish 

vanB positive E. faecium isolates from those that are VRE 

negative 

– Rapid 

• As soon as growth present on screening media 

– i.e. usually < 24 hours 

– c.f. 3 to 4 days for conventional methods 

– Cheap 

• Quantifiable costs ~ 12c per spot 

• c.f. ~ $25-$30 

– Impact 

• Method now in routine use 

– Reduce burden of VRE 

– Reduced cost of isolation and contact precautions 

The use of MALDI-TOF MS 

to investigate an outbreak 

of VRE 

Background 

• Strain typing to determine epidemiologic relatedness 

is central to outbreak management 
– Current genotypic methods (PFGE, MLST)  

• high discriminatory power but labour intensive, costly, long TAT’s 

• MALDI-TOF MS shown promise in demonstrating 

epidemiologic relatedness in outbreaks of other 

organisms 
– Particularly Staphylococcus aureus (3) and (4) 

• VRE often causes outbreaks 

• MALDI-TOF MS can rapidly identify VRE 

• The use of MALDI-TOF MS to determine relatedness 

of all E. faecium strains analysed was investigated 

 



Method 

• Data acquired from establishing that MALDI-TOF 

MS could identify VRE was re-analysed on 

ClinProTools using hierarchical cluster analysis to 

determine relatedness 
– Spectra merged in successive rounds of analysis using the 

cluster algorithm until only one spectra remains 

– Merging patterns represented on dendrogram 

– Distance of the branches relates directly to the similarity of the 

spectra, and hence bacterial isolate 

– Arbitrary relatedness cut off of 2.5 generally accepted 

• 4 representative isolates from the first 6 months of 

the project were analysed using PFGE and 

compared 
 

PFGE-4 representative isolates 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

* * * * * = MAH VRE’s 

•Lane 4 = isolate 4 

•Lane 7 = isolate 15 

•Lane 9 = isolate 17 

•Lane 10 = isolate 19 

 
-all indistinguishable 

from central A1 

•Lane 2 = Central A1 

•Lane 3 = NGH A 

•Lane 6 = VanA 

•Lane 12 = NGH B 

•Lane 13 = Central A1 

•Lane 14 = unknown 

 
•Lane 1, 5, 8, 11, 15 = lambda ladder 

A1 A1 

MALDI dendrogram of 4 identical isolates by PFGE 

 

All 4 isolates closely related 

by MALDI-TOF MS 

Isolates 4 and 19 and 17 

and 15 each more closely 

related to each other 

Relatedness 

 cut-off 2.5 

2.5 

 

1 

4 

3 

2 

Relatedness  cut-off 

MALDI dendrogram 

of all 66 VRE’s 
Isolates 4 and 19 and 17 and 15 

each more closely related to 

each other 

 

1 

4 

3 

2 

Relatedness  cut-off 

MALDI dendrogram 

of all 66 VRE’s 

4 strains or clusters contributed 

cases during the study period 

 

1 

4 

3 

2 

Relatedness  cut-off 

MALDI dendrogram 

of all 66 VRE’s 
2 strains/clusters contributed cases 

during outbreak ? Introduction of 

new strain/cluster 



Conclusions 

• The potential for MALDI-TOF MS to demonstrate 

relatedness of isolates using hierarchical cluster analysis 

has been demonstrated 

– Resolution comparable to PFGE  

• May even be greater showing differences between isogenic 

strains (2) 

– Far cheaper and easier to perform 

• particularly when data acquired for identification purposes 

– Useful in real time during an outbreak 

• Transmission of local endemic strains or introduction of new 

strains 

• Need larger sample size subjected to alternative typing 

method to draw firm conclusions 

 

Applicability  
• Identification of VRE 

– Now that it is established that positive vs negative 

Van B E. faecium’s can be distinguished 

– Composite spectra just need to be entered into 

software 

• Relatedness 

– Re-analysis of acquired data 

– Can be done retrospectively or real time 

– Guide infection control focus 

• Other forms of resistance 

– May need ClinProTools or similar to ensure able to 

differentiate 

Other applications of 

MALDI-TOF MS in the 

detection of antibiotic 

resistance 

A good summary 

 

 

 

 

• VRE 

– “well designed study” 

– Formic acid extraction 

– Direct application to the target without 

extraction cannot give proper results 

• Extraction NOT used for prospective validation 

Detection of resistance 

• Multiple different methods attempted 

• Can be categorised into 

– Direct analysis of whole cells 

• Clinically ideal as rapid 

• Limitations 

– Detection of effect 

• Antibiotics and modified products 

– Other 

• Ribosomal methylation 

• Higher level proteomic analysis 

• Minisequencing 

 



MRSA 

• > 3 studies (first in 2000) have demonstrated MRSA 

and MSSA specific peaks (9,14,24) 

• Not reproduced in all subsequent studies 

• More advanced methods have been applied 

including SELDI-TOF (surface-enhanced) 

– Involves lysis and ProteinChip array 

– Similar in labour etc to PCR 

• Teicoplanin susceptible and resistant S. aureus 

strains differentiated 

– Superior discrimination to PFGE (14) 

• For application in routine diagnosis further 

validation needed 

Beta-lactamase detection 

With antibiotic 

• Detection of β-

lactamases in E. 

coli 

– Incubation with 

Ampicillin 2.5 hours 

– Can see 

disappearance of 

ampicillin peak 

(green) in the ESBL 

positive strain 

– Appearance of 

breakdown product 

peaks (red) 

• Same for metallo β-

lactamases 

ESBL negative control 

strain 

Other mechanisms of resistance 

• Detection of rRNA Methyltransferase 

Activity 

– Methylation of rRNA confers resistance to 

protein synthesis inhibitors (aminoglycosides, 

chloramphenicol, clindamycin etc) 

– Multiple studies but still complex methodology 

• Purified ribosomes and purified enzymes 

• rRNA digestion with RNase (small product) 

• Methylation detected (increases mass by 14 Da) 
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