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A B S T R A C T   

Background: Molecular genetics has risen in both output and affordability to become the gold standard in 
diagnosis, however it is not yet available for most routine clinical microbiology due to cost and the level of skill it 
requires. Matrix assisted laser desorption/ionisation – time of flight mass spectrometry (MALDI-TOF MS) ap-
proaches may be useful in bridging the gap between low-resolution phenotypic methods and bulky genotypic 
methods in the goal of epidemiological source-typing of microbes. Burkholderia has been shown to be identifiable 
at the subspecies level using MALDI-TOF MS. There have not yet been studies assessing the ability of MALDI-TOF 
MS to source-type Burkholderia contaminans isolates into epidemiologically relevant outbreak clusters. 
Methods: 55 well-characterised B. contaminans isolates were used to create a panel for analysis of MALDI-TOF MS 
biomarker peaks and their relation to outbreak strains, location, source, patient, diagnosis and isolate genetics. 
Unsupervised clustering was performed and classification models were generated using biostatistical analysis 
software. 
Results: B. contaminans spectra derived from MALDI-TOF MS were of sufficiently high resolution to identify 100% 
of isolates. Unsupervised clustering methods showed poor evidence of spectra clustering by all characteristics 
measured. Classification algorithms were discriminatory, with Genetic Algorithm models showing 100% 
recognition capability for all outbreaks, the pulsed-field gel electrophoresis (PFGE) typeability model, and 
96.63% recognition for the location model. A consistent peak at m/z of approximately 6943 was identified in all 
non-typeable strains but in none of the typeable strains. 
Conclusions: MALDI-TOF MS successfully discriminates B. contaminans isolates into clonal, epidemiological 
clusters, and can recognise isolates non-typeable by PFGE. Further work should investigate this capability, and 
include peptide studies and genomic sequencing to identify individual proteins or genes responsible for this non- 
typeablity, particularly at the peak weight identified.   

1. Introduction 

Microbial diagnostics aim to identify the causative bacterial, fungal 
and parasitic agents of infectious diseases. Usually this is a lengthy 
process relying on the biochemical profiling of metabolic traits (Clark 
et al., 2013a). Although molecular genetics has risen in both output and 
affordability to become the gold standard in diagnosis, it is not yet 
available for most routine clinical microbiology due to cost and the level 
of skill it requires (Barco et al., 2013). Matrix assisted laser ionisation/ 
desorption – time of flight mass spectrometry (MALDI-TOF MS) 

approaches may be useful in bridging the gap between low-resolution 
phenotypic methods and bulky genotypic methods with a goal of 
epidemiological source-typing of microbes. 

MALDI-TOF MS is a high-throughput technology which uses the mass 
to charge ratio (m/z) of molecules as an analytic tool in microbial 
identification. It can use simple, whole cell samples from colonies grown 
overnight on culture plates without pre-fractionation, digestion, sepa-
ration or clean-up (Dieckmann et al., 2008; Wieser et al., 2012). This 
means that colonies can be sampled a few hours after inoculation of a 
mixed culture and still provide a successful pure culture identification 
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(Wieser et al., 2012). Since the time it takes to travel to the detector is 
proportional to the square root of m/z of an ion, particles are separated 
as they travel and so frequency distributions of detected particles can be 
plotted based on TOF up to 100 kDa, though most identified biomarkers 
are small proteins or peptides under 20 kDa, due to limited sensitivity of 
TOF analysers above this mass(Gatlin-Bunai et al., 2007; Van Belkum 
et al., 2012). A separation step such as liquid chromatography is not 
necessary, allowing the crude protein extractions and even direct whole 
cell samples to be used for analysis (Van Belkum et al., 2012). The 
resultant plots, or “spectral fingerprints”, are characteristic of individual 
bacterial species, and can be compared with standard or private refer-
ence libraries of other spectra of medically relevant bacteria. A cultured 
sample can be prepared, loaded onto a target plate, and have results 
generated within hours (Wieser et al., 2012). The easy user interface of 
MALDI-TOF MS systems and their multifunctionality with regards to 
broad genera of microbes increase their ability to be integrated into 
laboratory workflows. Stainless steel plates can subsequently be reused 
following a simple treatment with ethanol, trichloroacetic acid and 
mechanical cleansing in a matter of minutes, adding to the ease of 
maintenance and reducing the cost of consumables (Wieser et al., 2012). 

MALDI-TOF MS obtains a proteomic view of a strain, allowing for 
detection below the species level provided by conventional biochemical 
identification (Hou et al., 2019). Several studies have explored the 
discriminatory power of MALDI-TOF MS in strain typing below the 
species level, with variable results, and more investigation needed 
(Florio et al., 2018; Sandrin et al., 2013). MALDI-TOF MS has been 
shown to be as or more effective at discriminating Escherichia coli (Clark 
et al., 2013b; Novais et al., 2014), Shigella (Khot and Fisher, 2013) and 
Staphylococcus aureus (Böhme et al., 2012; Josten et al., 2013; Wolters 
et al., 2011) isolates into phenotypic pathotypes and genetically derived 
clonal complexes at the sub-species level than some biochemical or ge-
netic methods. Further successes include strain typing of beta haemo-
lytic streptococci, Vibrio spp. (Singhal et al., 2015), Bacteroides fragilis 
(Nagy et al., 2011) and discrimination of various Salmonella enterica 
subsp. enterica serovars (Dieckmann and Malorny, 2011; Kuhns et al., 
2012). 

A major clinical utility of higher typing resolution is in the epide-
miological tracing of infections caused by clonal bacteria. For example, 
MALDI-TOF MS has been used in the real-time tracking of a single 
plasmid which carried carbapenemase genes in a carbapenem-resistant 
Enterobacteriacaea strain responsible for an outbreak (Lau et al., 
2014). In another study, MALDI-TOF MS characterised 33 Klebsiella 
pneumoniae outbreak isolates from a neonatal intensive care unit (NICU) 
outbreak into two clonal groups in complete concordance with multi-
locus sequence typing (MLST) results, also associated with the location 
of patients in the NICU and their residence in the city of the study (Bar- 
Meir et al., 2020). Development of this capability in MALDI-TOF MS 
would allow for rapid detection and tracing of bacterial outbreaks in 
real-time. 

Burkholderia contaminans is a relatively newly identified subspecies 
of the Burkholderia cepacia complex (Bcc) subgroup (Vanlaere et al., 
2009). It is a cause of opportunistic infection, particularly relevant to 
cystic fibrosis patients in Argentina where prevalence is approximately 
10% (Martina et al., 2013). The proportion of B. contaminans among 
patients with cystic fibrosis (CF) with Burkholderia isolates (57%) is also 
uniquely higher in Argentina compared to other Burkholderia species 
(Martina et al., 2013) (e.g. 37% in Spain (Medina-Pascual et al., 2015)). 
MALDI-TOF MS has been shown to accurately identify Bcc isolates at the 
subspecies level (Cipolla et al., 2019; Degand et al., 2008; Fehlberg 
et al., 2013; Vanlaere et al., 2008) and it can be used to detect biomarker 
peaks for B. contaminans specifically (Miñán et al., 2009). To our 
knowledge there have not yet been studies assessing the ability of 
MALDI-TOF MS to source-type isolates from any Burkholderia isolates 
into epidemiologically discrete outbreak clusters. 

MALDI-TOF MS has the advantage that reference spectra can be 
created and quality controlled by laboratory personnel to reflect 

microbes of local interest, and these can be shared between facilities. 
This is useful for reflecting trends in the community, research interests, 
and potentially for resistance and outbreak control. Therefore, if MALDI- 
TOF MS can consistently differentiate below the species level, it could 
allow for inexpensive, detailed and dynamic epidemiological analysis of 
clinical and environmental isolates. Real-time clinical diagnosis will be 
more feasible, leading to faster commencement of appropriate treatment 
which is vital in cases of drug-resistant bacteria, while focussed epide-
miological interventions for outbreak control could also be developed. 
This could replace simple threshold measures for outbreak detection 
that are often poorly specific and sensitive, and time consuming and 
complex genotyping methods such as polymerase chain reaction (PCR), 
pulsed-field gel electrophoresis (PFGE), multi-locus sequence typing 
(MSLT), whole-genome sequencing (WGS)and restriction fragment 
length polymorphism analysis that are hard to apply at scale and have a 
significantly higher financial cost (Grundmann et al., 2011). This project 
therefore sought to determine if MALDI-TOF MS could be used to classify 
B. contaminans isolates into source-specific epidemiological clusters. 

2. Methods 

2.1. Data collection 

2.1.1. Strains 
Fifty-five strains were obtained with permission from a previous 

study which characterised circulating B. contaminans strains across 
Argentina between 2011 and 2014, in collaboration with the Instituto 
Nacional de Enfermedades Infecciosas, the national reference public 
health laboratory for Argentina, located in Buenos Aires. Eighteen 
strains belonged to three outbreaks, and there were a further 37 sporadic 
strains. Strain numbers were as follows: Outbreak 1 (7 isolates); 
Outbreak 2 (7 isolates); Outbreak 3 (4 isolates). XbaI-enzyme restricted 
PFGE had previously been performed on all samples. There were 6 PFGE 
patterns across the 55 strains, with strains from Outbreaks 1 and 2 
showing homology, and strains from Outbreak 3 being non-typeable 
(Table 1). In the sporadic strains from Cordoba, 18/23 (78%) showed 
the BX3 pattern (Table 2), and all of the Outbreak 1 isolates, also from 
Cordoba, exhibited this pattern, consistent with the samples from 
Cordoba being clonal in origin. Each sporadic strain and representatives 
of each of the outbreak strains had existing main spectral projections 
(MSPs) – highly characterised reference spectra of individual samples. 
11 strains collected serially from five patients (patients A-E) with cystic 
fibrosis (CF), and one further strain from a patient with CF were used for 
the patient-level analysis. 

2.1.2. Sample preparation 
MSPs were created for the Outbreak strains which did not previously 

have one recorded. The protocols used are adopted from those suggested 
by the manufacturer Bruker Daltonik Inc., to ensure maximal compati-
bility with established Bruker Biotyper workflows. The author was 
trained by a Bruker representative before commencing the laboratory 
work. Briefly, bacteria were taken from frozen stock cultures and plated 
onto Tryptic Soy Agar (TSA) and grown at 37 ◦C overnight. Single col-
onies from these plates were re-plated on TSA as confluent cultures and 
left to grow overnight at 37 ◦C. Samples were prepared for MALDI-TOF 
MS analysis using the Direct, Extended or Extraction Methods a 
maximum of 24 h after culturing using the Bruker Extraction Protocol 
(Bruker, 2020). 

2.1.3. Bruker Daltonik sample analysis, data acquisition and cleaning 
Following this they were placed into the Bruker Microflex instrument 

(Bruker Daltonik, GmbH, Leipzig, Germany) for analysis. Bruker Flex-
Control 3.0 software (Bruker Daltonik) was used to collect mass spectra 
in the range of 2 to 20kD. Data were collected in an automated fashion 
using random sampling over individual samples to minimize the effects 
of operator bias. FlexAnalysis software was used after spectra collection 
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to perform smoothing, normalisation, baseline subtraction and peak 
picking. Following this, null, low signal to noise ratio (S/N) and outlier 
spectra were discarded after visual inspection. Spectra were then com-
bined to make MSPs. 

2.2. Data analysis 

2.2.1. Confirmation of species-level discrimination 
Isolates were initially tested to confirm the ability of Bruker Real-

Time Classification (Bruker Daltonik) to correctly classify them at the 
species level. This is a software feature of the Microflex instrument 
which identifies isolates by matching test spectra to spectra in Bruker 
libraries and in user generated Burkholderia libraries. Quality control 
was assured if all isolates were correctly classified as B. contaminans. 

2.2.2. Assessment of sub-species-level discrimination 
Samples were analysed according to outbreak (1, 2 or 3), location, 

clinical source, patient diagnosis, PFGE subtype, and patient ID. Due to 
the small number of isolates, sub-species variables were collapsed into 
binary variables to improve discriminatory power: outbreaks were 
tested per outbreak vs all other samples, location was tested as Cordoba 
vs all other samples, and PFGE subtype was tested as non-typeable vs all 
others. 

2.2.2.1. Principle component analysis (PCA). ClinProTools3.1 was used 
to generate PCA graphs. PCA condenses the many dependent variables 
(i.e. mass peaks) of spectra into three axes (Wold et al., 1987). Each 
principle component (PC) is a linear combination of the original vari-
ables, with the first PC representing the combination with the largest 
amount of variability. The second and third linear combinations are then 
created and plotted orthogonal to the previous one meaning there is no 
redundant information. PC plots show the possible variance of samples 
for each PC, and more similar spectra are expected to cluster in the same 
three-dimensional space. The results from this analysis were then used 
to create MSP dendrograms using Bruker BioTyper3.0. Top Hat Baseline 
correction was employed, as was Savitzky-Golay smoothing and 
recalibration. 

2.2.2.2. Model generation. ClinProTools3.1 was used to generate isolate 
classification models, using the spectra generated from all of the study 
strains. Three algorithms were available for model development: Ge-
netic Algorithm (GA), Supervised Neural Network (SNN) using 3-nearest 
neighbours and the QuickClassifier (QC). Recognition capability (RC) is 
the % of correctly classified spectra for a given model, when all spectra 
used in the generation of the model are used to test it. Cross-validation 
(CV) gives an estimate of model reliability and how it will behave in the 
future and was calculated by randomly selecting 80% of samples to 
calibrate the model and using 20% to test it, with 10 iterations. If 
generated models indicated >90% discrimination capacity and further 
isolates were available, external validation was performed to test model 
reliability with real-world samples. Due to the large number of hy-
pothesis tests being carried out in model generation, the Benjamini & 
Hochberg p-value adjustment was automatically run by ClinProTools3.1 
to overcome the higher risk of type 1 error. 

2.2.2.3. Visual inspection. Spectra were analysed visually in ClinPro-
Tools3.1 for peak shifts which may relate to changes in peptide weight 
due to single nucleotide polymorphisms (SNPs) or base substitutions. 

3. Results 

3.1. Strains 

Clinical, geographic, outbreak-association, and PFGE pattern for the 
studied strains are summarized in Table 1. Spectral analysis by the 
Bruker RealTime Classification software confirmed that all isolates had 
been correctly identified B. contaminans. 

Table 1 
Characteristics of included B. contaminans strains collected from Argentinian 
patients.  

Unique 
identifier 

Outbreak PFGE 
pattern 

Origin Diagnosis Location Patient 

310-12 1 BX3 Blood Other Cordoba  
311-12 1 BX3 Blood Other Cordoba  
312-12 1 BX3 Blood Other Cordoba  
313-12 1 BX3 Blood Other Cordoba  
314-12 1 BX3 Blood Other Cordoba  
315-12 1 BX3 Blood Other Cordoba  
316-12 1 BX3 Blood Other Cordoba  
460-12 2 BX1 Blood Other Misiones  
461-12 2 BX1 Blood Other Misiones  
462-12 2 BX1 Blood Other Misiones  
463-12 2 BX1 Blood Other Misiones  
464-12 2 BX1 Blood Other Misiones  
465-12 2 BX1 Blood Other Misiones  
466-12 2 BX1 Blood Other Misiones  
632-13 3 NT Blood N/A CABA  
634-13 3 NT Blood N/A CABA  
635-13 3 NT Blood N/A CABA  
636-13 3 NT Blood N/A CABA  
231-12 Sporadic BX3 Sputum CF Cordoba A 
384-13 Sporadic BX3 Sputum CF Cordoba A 
426-13 Sporadic BX3 Sputum CF Cordoba A 
476-14 Sporadic BX3 Sputum CF Cordoba A 
512-13 Sporadic BX3 Sputum CF Cordoba A 
477-14 Sporadic BX3 Sputum CF Cordoba B 
545-13 Sporadic BX3 Blood CF Cordoba B 
371-14 Sporadic NT Sputum CF Cordoba C 
452-14 Sporadic NT Sputum CF Cordoba C 
506-13 Sporadic BX4 Sputum CF CABA D 
575-13 Sporadic BX4 Sputum N/A CABA D 
311-11 Sporadic NT Sputum CF La 

Pampa 
E 

465-13 Sporadic NT Sputum CF La 
Pampa 

E 

026-12 Sporadic BX4 Sputum CF BA  
154-12 Sporadic BX7 Blood Other Rio 

Negro  
173-13 Sporadic BX3 Blood Other Cordoba  
191-14 Sporadic BX6 Blood Other BA  
193-14 Sporadic BX6 Blood Other BA  
211-13 Sporadic BX1 Blood Other Cordoba  
212-13 Sporadic BX2 Blood N/A Cordoba  
265-11 Sporadic BX3 Sputum CF Cordoba  
341-12 Sporadic BX3 Blood Other Cordoba  
341-14 Sporadic BX7 Sputum CF CABA  
351-12 Sporadic NT Sputum CF BA  
353-12 Sporadic BX3 Urine Other BA  
369-14 Sporadic NT Sputum CF Cordoba  
385-13 Sporadic BX3 Blood N/A Cordoba  
386-13 Sporadic BX3 Blood N/A Cordoba  
421-12 Sporadic BX1 N/A N/A Misiones  
423-14 Sporadic NT Sputum CF BA  
425-12 Sporadic NT Sputum CF BA  
447-13 Sporadic BX3 Blood N/A Cordoba  
450-12 Sporadic BX3 Sputum CF Cordoba  
472-13 Sporadic BX3 Blood N/A Cordoba  
480-14 Sporadic BX3 Sputum CF Cordoba  
497-13 Sporadic BX3 Blood N/A Cordoba  
546-13 Sporadic BX3 Blood N/A Cordoba  

PFGE: pulsed-field gel electrophoresis, NT: non-typeable, CF: cystic fibrosis, N/ 
A: not available, BA: Buenos Aires province, CABA: Ciudad Autonoma de Buenos 
Aires. 
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3.2. Unsupervised clustering 

3.2.1. Principle component analysis (PCA) 
PCA plots show the discriminatory capacity of three orthogonally 

plotted condensed variables derived from the MS spectra of strains 
included in the model. Visual groupings of spectra separate from other 
spectra of a different outbreak signify that they are both similar to others 
within the group (homologous) as well as different to the other outbreak 
strains. There was no discrimination of isolates by any sub-species-level 
variable (Figs. 2-6). Whilst there is evidence of homology of outbreak 
strains (red) in Fig. 1 and non-CF patients (green) in Fig. 5, this is non- 
discriminatory, as other strains are present overlap the same area of the 
graph. 

3.2.2. Dendrograms 
Statistics from PCA used in dendrogram formation confirm that sub- 

species-level variables do not cluster together. A composite dendrogram 
of all variables used in PCA analysis (Fig. 7) displays the heterogenous 
nature of isolate spectra, with little discriminatory clustering of isolates 
by any given sub-species-level variable. 

3.3. Models 

3.3.1. Classification models 
Table 3 demonstrates the ability of the different classification algo-

rithms to recognise individual strain samples used to develop the algo-
rithm at the sub-species level. Cross validation further verified this by 
randomly selecting 80% of the strains to calibrate the algorithm and 
20% to test it. High scores for cross-validation indicate high internal 
validity. The GA algorithm consistently recognised samples at the sub- 
species level, with 100% recognition for typeability, location and 
outbreak class, and 88% to 100% recognition for cross validation of 
these classes. SNN performed the worst of the three, generally recog-
nising around half of the strains correctly, while the QC algorithm per-
formed reasonable successfully, consistently recognising over 80% 

correctly for all models. 

3.3.2. External validation 
A further 25 typeable and non-typeable strains collected from 

various hospitals in Argentina were used to test the PFGE typeability 
models. In this case the QC model performed the best, with 100% (95% 
CI 74% to 100%) sensitivity and 100% (95%CI 75 to 100) specificity on 
the samples tested (Table 4). 

Table 2 
PFGE typing of the sporadic B. contaminans isolates originating from different territories.  

Location BX1 BX2 BX3 BX4 BX6 BX7 NT Total 

n % n % n % n % n % n % n % n % 

BA 0 0% 0 0% 1 14% 1 14% 2 29% 0 0% 3 43% 7 100% 
CABA 0 0% 0 0% 0 0% 2 67% 0 0% 1 33% 0 0% 3 100% 
Cordoba 1 4% 1 4% 18 78% 0 0% 0 0% 0 0% 3 13% 23 100% 
La Pampa 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 2 100% 2 100% 
Misiones 1 100% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 1 100% 
Rio Negro 0 0% 0 0% 0 0% 0 0% 0 0% 1 100% 0 0% 1 100% 
Total 2 5% 1 3% 19 51% 3 8% 2 5% 2 5% 8 22% 37 100% 

PFGE: pulsed-field gel electrophoresis, NT: non-typeable, N/A: not available, BA: Buenos Aires province, CABA: Ciudad Autonoma de Buenos Aires. 

Fig. 1. PCA plots comparing strains from one outbreak with strains from all other outbreaks.  

Fig. 2. PCA plot comparing PGFE Typeable strains (green) with PGFE Non- 
Typeable strains (red). (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.) 
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3.4. Visual inspection 

Spectra were examined to identify any relevant peaks in the initial 
set of isolates which may correlate with the ability or inability of a strain 
to be typed, and whether this correlation held for the external validation 
strains. One peak at m/z (mass to charge ratio) of approximately 6943 
was found to be present in all non-typeable strains and absent in type-
able strains (Fig. 8). 

4. Discussion 

4.1. Epidemiological classification 

Using unsupervised clustering methods, MALDI-TOF MS was unable 
to discriminate B. contaminans samples into epidemiological outbreak 
classes. However, using statistical modelling of the isolate spectra, the 
GA consistently produced models with 97%–100% recognition capa-
bility and over 88% accuracy when cross validated for classification by 
outbreak, location and PFGE typeability. This provides proof-of-concept 

for MALDI-TOF MS clonal, epidemiological recognition, with resultant 
impacts on public health outbreak monitoring, and in particular, tracing 
pathogen spread across regions. 

4.2. Comparability of PFGE and MALDI-TOF MS methods for typeability 
of B. contaminans isolates 

Externally validating the PFGE typeability model with other 
routinely collected strains showed promise in the distinction of typeable 
and non-typeable strains using MALDI-TOF MS, with 100% sensitivity 
and specificity in the QC model. It is unclear why the QC model sur-
passed the GA model in the external validation. This may be due to a 
difference in the model, or to so with the representativeness of the 
samples used for validation. However the success in both models merits 
further investigation with larger datasets. 

The identification of a unique peak for PFGE non-typeable samples is 
consistent with reports of biomarkers of other phenotypic variants, 
including drug resistance and virulence, in a range of bacteria (Flores- 
Treviño et al., 2019; Hrabák et al., 2013; Oviaño and Bou, 2019). 

Fig. 3. PCA plot comparing strains collected from blood (red) with strains 
collected from sputum (green). (For interpretation of the references to colour in 
this figure legend, the reader is referred to the web version of this article.) 

Fig. 4. PCA plot comparing strains where more than one strain was collected 
from a single patient. A (red) versus B (green) versus C (blue) versus D (yellow) 
versus E (purple). (For interpretation of the references to colour in this figure 
legend, the reader is referred to the web version of this article.) 

Fig. 5. PCA plot comparing strains collected from patients with CF (red) with 
patients without CF (green). 

Fig. 6. PCA plot comparing strains collected from patients from Cordoba (red) 
with strains from all other locations (green). (For interpretation of the refer-
ences to colour in this figure legend, the reader is referred to the web version of 
this article.) 
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Further examination of the peak weight identified at m/z of approxi-
mately 6943 may elucidate a peptide, or peptide mutation, which may 
be responsible for the non-typeability of certain bacterial strains when 
using XbaI PFGE. We hypothesise this may be due to an interaction 
between the peptide of interest and the XbaI restriction endonuclease. 

This supports a larger aim of identifying phenotypic correlates of 
MALDI-TOF MS-genetic relationships. MALDI-TOF MS spectra have 
been used to detect discriminatory peaks which could reliably identify 
outbreak strains of Shiga-toxigenic E. coli. Using liquid chromatography 
MS and publicly available databases, the proteins underlying these were 
identified (Christner et al., 2014). As higher resolution studies are being 
carried out, it is important to tease out the link between peak weights, 
proteins and the genome, especially at the lower and higher kDa ranges. 
High quality genetic analysis will allow correlation of e.g. single 
nucleotide polymorphisms to MALDI-TOF MS spectra. Other possibil-
ities include the detection of lipids and carbohydrates by MALDI-TOF 
MS systems, rather than proteins only. 

4.3. Clonality in outbreaks 

The outbreaks in this study were classed as such due to their 
increased frequency at particular locations, however this does not 
guarantee clonality. Genetic analysis of the recA genes of 120 Argenti-
nian B. contaminans strains from 2004 to 2010 using BOX-PCR revealed 
10 patterns. During a particular outbreak, 55% of strains were found to 
be of the B8 subtype (implying a nosocomial clonal outbreak strain) 
whilst the other 45% of the same “outbreak” were thought to be circu-
lating from other sources, such as environmental, but spread simulta-
neously (Martina et al., 2013), indicating the ambiguous nature of 
epidemiologically defined outbreak clusters. 

There can also be significant genetic diversity within B. contaminans 
strains in the same patient chronically. In one study, over half of infected 
CF patients had a change in PCR-BOX subtype, and that multiple sub-
types were likely coexistent in the same patient, indicating that at the 
time of infection or outbreak there is high genetic diversity (Martina 
et al., 2013). This implies that much of the aforementioned environ-
mental diversity may in fact be due to co-colonization by multiple 
strains, none of which may be associated with outbreak transmission 
dynamics. A genetic study by Nunyar et al showed the presence of two 
concurrent phenotypes in the same patient in both blood and sputum, 
with different virulence factor expression and genomes, with 1433 

Fig. 7. Sample dendrogram demonstrating relationships between strains, using PCA residuals PFGE = Pulsed-Field Gel Electrophoresis, CF = Cystic Fibrosis, NT =
Non-typeable, BA = Buenos Aires province CABA = Ciudad Autonoma de Buenos Aires. 

Table 3 
Strain recognition using Genetic Algorithm, Supervised Neural Network and 
Quick Classifier algorithms in five classification models.  

Class Model Recognition Capability (%) Cross Validation (%) 

Typeable GA 100 93 
SNN 50 51 
QC 90 88 

Location GA 97 90 
SNN 83 80 
QC 82 80 

Outbreak 1 GA 100 95 
SNN 52 50 
QC 83 83 

Outbreak 2 GA 100 88 
SNN 51 51 
QC 86 74 

Outbreak 3 GA 100 93 
SNN 51 50 
QC 81 80 

GA: genetic algorithm, SNN: supervised neural network, QC: quick classifier. 

Table 4 
External validation of PFGE typeability classification model using a further 25 
non-typeable Argentinian B. contaminans strains.   

Sensitivity (%) 95% CI Specificity (%) 95% CI 

GA 83 52 to 98 100 75 to 100 
QC 100 74 to 100 100 75 to 100 
SNN 100 74 to 100 0 0 to 25 

CI: confidence interval, GA: genetic algorithm, SNN: supervised neural network, 
QC: quick classifier. 
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mutations detected (Nunvar et al., 2016). This correlates with the lack of 
obvious clustering of our samples when two samples from the same 
patient were analysed in unsupervised methods. 

Further weakening the link between genetic clonality and outbreak is 
the possibility that outbreak strains are primarily propagated through 
methods independent to their genetics, such as patient characteristics or 
healthcare worker behaviours. This is interesting in the context of the 
non-typeable strains being correctly characterised by MALDI-TOF MS, as 
this likely does represent a biochemical or genetic trait affecting XbaI 
restrictase functioning. The performance of the GA outbreak classifica-
tion models in our study also suggests that the outbreak strains may 
share elements such as epigenetic factors, environmental factors driving 
expression of particular phenotypes, or genotype fragments. 

4.4. Limitations and recommendations 

One limitation with the data set was the possible confounding of the 
CF vs non-CF analysis with the blood vs sputum analysis. All patients 
with CF had samples collected from sputum, whilst only one patient with 
a collection from blood samples had CF. Furthermore 11 of the 32 blood 
samples had an unknown disease aetiology. Therefore, excluding them 
from the analysis of CF vs non-CF may have also had the effect of 
disproportionately excluding strains taken from blood samples. A 
detailed analysis of MALDI-TOF MS discriminatory capacity by PFGE 
profile would also be useful. It would therefore be worthwhile to carry 
out a similar project using a larger sample size with strains with com-
plete epidemiological data. 

Due to time and resource limitations external validation was unable 
to be performed on all models. It is unclear how the location models 
would perform if externally validated using other samples from a similar 
time and place, and further study should include collecting strains form 
these regions in order to test this. External validation of outbreak strains 
is only feasible in real-time studies, where an outbreak has been detected 
and one wants to know whether a new strain is part of this clonal 
outbreak or an unrelated sporadic strain appearing at the same time. 

5. Conclusion 

MALDI-TOF MS successfully discriminates B. contaminans isolates 
into clonal, epidemiological clusters, and can recognise isolates non- 
typeable by PFGE. Further work should investigate this capability, 
including peptide studies and genomic sequencing to identify individual 
proteins or genes responsible for this non-typeability, which may be 
linked to the spectra peak identified. 
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Flores-Treviño, S., Garza-González, E., Mendoza-Olazarán, S., Morfín-Otero, R., 
Camacho-Ortiz, A., Rodríguez-Noriega, E., Martínez-Meléndez, A., Bocanegra- 
Ibarias, P., 2019. Screening of biomarkers of drug resistance or virulence in ESCAPE 
pathogens by MALDI-TOF mass spectrometry. Sci. Rep. 9 (1) https://doi.org/ 
10.1038/s41598-019-55430-1. 

Florio, W., Tavanti, A., Barnini, S., Ghelardi, E., Lupetti, A., 2018. Recent advances and 
ongoing challenges in the diagnosis of microbial infections by MALDI-TOF mass 
spectrometry. Front. Microbiol. 9 (May) https://doi.org/10.3389/ 
fmicb.2018.01097. Frontiers Media S.  

Gatlin-Bunai, C.L., Cazares, L.H., Cooke, W.E., Semmes, O.J., Malyarenko, D.I., 2007. 
Optimization of MALDI-TOF MS detection for enhanced sensitivity of affinity- 
captured proteins spanning a 100 kDa mass range. J. Proteome Res. 6 (11), 
4517–4524. https://doi.org/10.1021/pr0703526. 

Grundmann, H., Klugman, K.P., Walsh, T., Ramon-Pardo, P., Sigauque, B., Khan, W., 
Laxminarayan, R., Heddini, A., Stelling, J., 2011. A framework for global 
surveillance of antibiotic resistance. Drug Resist. Updat. 14 (2), 79–87. https://doi. 
org/10.1016/j.drup.2011.02.007. 

Hou, T.Y., Chiang-Ni, C., Teng, S.H., 2019. Current status of MALDI-TOF mass 
spectrometry in clinical microbiology. J. Food Drug Anal. 27 (2), 404–414. Elsevier 
Taiwan LLC. https://doi.org/10.1016/j.jfda.2019.01.001. 
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