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In infected patients, the rapid identification of pathogens is critical. After a long period of
slow technological improvement, the microbiology laboratory is now undergoing
significant évolution. This work evaluated the contribution of recent MALDI-TOF MS
technology in terms of the diagnosis and clinical management of patients and its
implémentation in the laboratory of tomorrow. The studies were conducted over a 3.5-
year period, mostly in the iris public hospital network of Brussels.

First, we confirmed the accurate performance of MALDI-TOF MS in the identification of
routine isolates, regardiess of whether the Biotyper (92.7% correct species
identification) or VITEK MS (93.2%) (n=986) commercial System was used, and
demonstrated the supremacy of this technology over conventional identification
techniques for fastidious bacteria, including Campylobacter and related organisms
(98.3%, 72.2% and 79.9% correct species identification by Biotyper, Vitek NH Gard and
APl Campy, respectively; n=234).

Second, we showed that the direct MALDI-TOF MS identification of bacteria from
positive blood cultures was not only feasible but aiso led to an 24-h réduction in the
time-to-identification. In an adult population, more than 13% of the direct identifications
from positive blood cultures resulted in the faster adaptation of the antimicrobial
treatment.

Third, we demonstrated that MALDI-TOF MS could easily be implemented in a network,
which was associated with significant cost savings and réduction in the time-to-
identification. Finally, our promising Blastocystis subtyping results suggest that the
number of MALDI-TOF MS applications may be increased.

In the future, automation of the technique will make its use in clinical laboratories even
easier, eliminating the use of conventional identification techniques. Improvement of the
preanalytical procedures is also important to make MALDI-TOF MS a suitable

instrument for résistance and toxicity mechanism détection and subtyping.
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Figure 1. Schematic review of activities and procedures in the laboratory of microbiology
(from van Beikum et al. 2013).



1.1. The current microbiology laboratory
1.1.1. Background

Rapid identification of the agents (bacteria, viruses or fungi) responsible for human
infectious diseases is critical for patient management in terms of diagnosis and
efficiency in the choice of the empirical treatment (Ho et al. 2011). However, clinical
microbiology - and bacteriology in particular - has evolved slowly and in many cases is
still using the numerous technologies developed in the 19th century (van Beikum et al.
2013). As the identification of a microorganism may take days or weeks and
occasionally requires as many as 20 biochemical tests, the need for rapid and reliable
alternative procedures is increasing (Ho et al. 2011). A schematic review of the
activities and procedures in the microbiology laboratory is presented in Figure 1 (van
Beikum et al. 2013).

1.1.2. Bacteriology

After isolation on differential growth media, the identification of bacteria in the clinical
laboratory is mainly based on phenotypic tests, including Gram staining, colony shape
and size détermination, microscopy, motility, growth requirements, oxidase and
catalase tests and others. These tests lead to preliminary species assessment, followed
by manual or semi-automated biochemical and extended enzymology tests to provide
final species identification. This second set of tests often relies on metabolic processes
of the microorganism and therefore requires growth and subséquent long incubation
times (Bizzini et al. 2010a, van Beikum 2013). Such conventional procedures are
laborious, complex and time-consuming (approximately 18 h on average), and species
assignment may be inaccurate (Lartigue et al. 2013, Sogawa et al. 2011). Molecular
biology techniques such as real-time polymerase chain reactions (PCR) or 16S RNA
sequencing are gradually being developed and used as an alternative. However, these
analyses are still expensive, time-consuming, technically demanding and not suited for
use with the majority of clinical samples commonly analysed in a clinical laboratory
(Bizzini et al. 2010a, Lartigue et al. 2013). New biophysical technologies, including
matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry (MALDI-

TOF MS), are now appearing in the clinical laboratory (van Beikum et al. 2013).
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1.1.3. Mycology

The rapid and accurate identification of fungi as the causal agent of an infection in
immunocompromised patients is of particular importance (Nye et al. 2006, Klutts et al.
2011). The cultivation of samples is usually performed on Sabouraud dextrose medium
with or without antibiotic supplémentation; samples are ideally incubated for four weeks
at 30°C (Hazen 1996). A combination of morphological observations and
assimilation/fermentation results (germ-tube test, trehalose assimilation test, etc.) are
collected to identify yeasts. Candida sp. not identified by such rapid methods should
nevertheless be investigated further, as accurate identification is required to provide the
correct antifungal therapy. Several commercial Systems, including chromogenic agar
media and biochemical or enzymatic panels (e.g., APl ID 20C, API ID 32C and Vitek ID
YST Systems (bioMérieux, Marcy I'Etoile, France)), are widely used; however, they are
occasionally disadvantageous due to limited databases and potential misidentifications
(Nye et al. 2006, Markiein et al. 2009).

For the diagnosis of invasive fungal infections, the results from mycological cultures are
often obtained too late and are not sufficiently spécifie, as fungi are a part of the human
saprophytic flora and common laboratory contaminants. The serological détermination
of galactomannan has therefore been introduced as a non-invasive diagnostic tool in
the management of haematological patients in whom aspergillosis is suspected
(Cuenca-Estrella et al. 2008). Molecular biology tests are still being developed, but
there are several limitations to their implémentation in the clinical laboratory, including
the high cost per analysis, high level of technical expertise required and need for

spécial laboratory facilities (Hazen 1996).

1.1.4. Parasitology

In clinical laboratories, the diagnosis of parasitic infections is mainly based on
microscopie examination and involves récognition of the parasite according to its size
and morphology. Other techniques, including fluorescence staining, antigen détection
by enzyme immunoassay or immunochromatography and molecular biology, are aiso

available.
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1.15. Viroloqy

Cell culture is the traditional diagnostic tool in virology and is still performed in
specialised laboratories. The technique is difficult to standardise and is expensive in
terms of skilled staff time, reagents and space (Madeley 1999). However, it is often
necessary because it is the only technique that provides biological material for further
isolation and susceptibility testing and allows the détection of multiple unsuspected
viruses. Every 1-2 days, cell lines are microscopically observed to detect characteristic
cytopathogenic effects (CPE), allowing the technologist to identify the virus responsible
for the infection. These CPE may appear after only 1 or 2 days or may take as long as 3
weeks, depending on the causal agent. Several methods of antigen détection, mainly
fluorescent antibody staining, are widely used and of particular interest for slow growing
or labile viruses. These methods are rapid and do not dépend on virus viability in the
sample, which simplifies sample handling and transport (Storch 2000). More recently,
molecular biology methods h&ve been developed for routine purposes. These methods
allow the simultaneous détection of multiple viruses in a sample or the quantitation of
viral load (HIV, HBV, etc.) through the sensitive détection of spécifie viral nucleic acids.
Finally, serological methods may allow a diagnosis from a single sample when IgM
antibodies are présent. These methods help define the spécifie antiviral immunity of the
patient and are usefut for chronic infections in which the presence of any antiviral

antibodies is aiways indicative of infection (Storch 2000).
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Figure 2. Mr. Koichi Tanaka japanese engineer and chemist who jointly won the 2002 Nobel
Prize in Chemistry for his part in developing a new a mass spectrométrie method for
analyses of biological macromodules (from http://wbmsdg.org/wordpress/?s=tanaka;
http://superstarsofscience.com/scientist/koichi-tanaka).

Figure 3. Prof. Franz Hillenkamp and Prof. Michael Karas (from http://www.uni-
muenster.de/Rektorat/exec/upm.php?rubrik=Alle&neu=1&monat=200312&nummer=04827)


http://wbmsdg.org/wordpress/?s=tanaka
http://superstarsofscience.com/scientist/koichi-tanaka
http://www.uni-muenster.de/Rektorat/exec/upm.php?rubrik=Alle&neu=1&monat=200312&nummer=04827
http://www.uni-muenster.de/Rektorat/exec/upm.php?rubrik=Alle&neu=1&monat=200312&nummer=04827

1.2. Matrix-Assisted Laser Desorption lonisation Time-of-Flight
Mass spectrometry (MALDI-TOF MS)

1.2.1. Background

Mass spectrometry is an analytical technique used to detect and détermine the amount
of a given analyte and its elemental composition through the measurement of the mass
of gas-phase ions produced from this analyte (Watson et al. 2007).

Before 1970, nonvolatile and labile molécules were not amenable to mass spectrometry
because the technique was only adapted to analytes with significant vapour pressure
and able to produce gas-phase ions using électron ionisation or Chemical ionisation
techniques. After 1970, the development of desorption/ionisation techniques allowed
the production of gas-phase ions from a sample in a condensed phase (Watson et al.
2007). The first bacterial characterisation provided by mass spectrometry was reported
by Anhalt and Fenselau in 1975 and showed that unique mass spectra were produced
from bacterial extracts of different généra and species (Anhalt et al. 1975).

Despite these first promising results, the improvement of bioinformatics and the
development of sample préparation and mass spectrometry techniques, it has taken
time for the technology to be adopted by clinical laboratories (Murray 2012). In early
experiments, only molécules of low molecular masses were analysed because the
ionisation process of biomolecules was too energy rich to avoid unpredictable analyte
fragmentation. Fast atom bombardment, plasma desorption and laser desorption
techniques héve therefore been eclipsed by soft ionisation techniques, such as
electrospray ionisation (ESI) and MALDI, developed in the late 1980s. Tanaka (Figure
2) was awarded part of the 2002 Nobel Prize in chemistry for his thesis on MALDI,
which was first published in 1988. Hillenkamp and Karas (Figure 3) contributed to the
development of routine techniques (Tanaka et al. 1988).

The introduction of MALDI-TOF MS has fundamentally revolutionised conventional
diagnostic testing in Europe, and the recent 510(k) Food and Drug Administration (FDA)
clearance to market MALDI-TOF MS will certainly lead to the complété rethinking of
microbiology practices in the United States of America (Murray 2012, Dekker et al.
2011, Mitsumaetal. 2013, Kok et al. 2013).

Other MS techniques do exist that fall outside the scope of the présent work (e.g.,

headspace gas chromatography MS, desorption electrospray ionisation MS).
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Figure 4. Principle of MALDI-TOF MS identification of microorganisms in schematic diagram.
Laser impact causes thermal desorption of proteins of bacteria/yeasts embedded in matrix
material and applied to the target plate (analytes shown as red, light blue, and orange
spheres, the matrix is given as green spheres). In an electric field, ions are accelerated
according to their mass and electric charge. The drift path allows further séparation and
ieads to measurable différences in time-of-flight of the desorbed particles that are detected

on top of the vacuum tube (from Wieser et al. 2012).
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Figure 5. General scheme of MALDI-TOF MS based identification of microorganisms using
microbial biomass, generating whole-cell mass spectra to dérivé a composite strain-specific
mass spectrum and comparing the mass spectrum to a reference database (from Welker et

al. 2011)



1.2.2. MALDI-TOF MS operating principle

The principles of microorganism identification by MALDI-TOF MS are presented in
Figure 4.

MALDI-TOF MS allows the soft ionisation and vapourisation of large, nonvolatile
biological molécules (Hillenkamp et al. 2007). The sample for analysis, which is usually
taken from a culture plate that provides pure bacteria in sufficient quantities, is smeared
onto a target plate and covered by a matrix solution (Lay 2000). When dried, the target
plate is loaded in the ionisation chamber of the mass spectrometer. The crystal
composed of the sample and matrix is usually exposed to nitrogen laser puises,
resulting in energy transfer from the matrix to nonvolatile analyte molécules with
removal (desorption) of positively charged analyte cations in the gas phase (Croxatto et
al. 2011). There is no subfragmentation, which makes the technique suitable for whole
cell analysis (Dekker et al. 2011). lonised particles are then accelerated through an
electrostatic field within the flight tube under a vacuum and separated based on their
mass-to-charge ratio (m/z), with smaller ions travelling faster than larger ions. The time
of flight is measured precisely by the arrivai of ionised particles at a detector. MALDI-
TOF MS usually produces singly charged (z=1) ions, and the m/z therefore corresponds
with the value of its mass (Croxatto et al. 2011). The spectral profile is generated and
compared with a database of reference spectra, as illustrated in Figure 5. The
identification is acquired based on the principle that spectral profiles vary between
microorganisms and that some peaks are spécifie to genus, species and occasionally
subspecies. Different strategies were followed to construct the databases. The first
strategy consiste in including a large number of peaks for each reference strain without
focusing on species-specific peaks. In contrast, the second strategy consiste in
selecting a limited number of conserved species-specific and high-intensity peaks after
performing assays on a panel of strains représentative of the species (cf. 1.2.6;
Carbonnelle et al. 2011).

1.2.2.1. Mass spectrometer

The mass spectrometer is composed of three functional units: an ionisation chamber, a
time-of-flight mass analyser, where ions are separated according to their m/z, and a

detector to monitor the separated ions (Croxatto et al. 2011 ).

18



Major protein functions from S. aureus formic acid extract
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Figure 6. A summary of major functional protein groupings identified by LC-MS/MS in formic
acid extracts of MRSA and MSSA strains. Ten strains of MRSA and MSSA were extracted in
35% formic acid/acetonitrile, protease digested and analysed by LC-MS/MS. Protein
functional groupings include high abundance proteins detected in at least seven out of ten

strains examined (adapted from Drake et al. 2011).



1.2.2.2. Matrix solution

The purpose of the matrix solution is to dilute the analyte molécules to avoid analyte-
analyte interactions and to protect the analyte by absorbing the radiation. It is a means
to couple the analyte to the energy of the laser by gently transferring charge to the

analyte and producing intact protonated molécules (Lay 2000).

The matrix compound is composed of small acidic molécules that have a strong
absorbance at the wavelength employed, typically 337 nm, and is usually dissolved in a
mixture of solvents, including water, acetonitrile, éthanol and a strong acid, such as
trifluoroacetic acid (TFA) (Croxatto et al. 2011). The sample is mixed with the matrix
solution, and the matrix solvents penetrate the cell, making the intracellular proteins
accessible for analysis. Co-crystallisation results from évaporation of the solvents; the
matrix forms a crystal, and the proteins and other cellular compounds are embedded in
the matrix. The composition of the matrix solvent mixture may influence the quality of
the spectral profile via direct interaction with the microorganism and how that
microorganism is incorporated into the matrix during the crystallisation process.
Acetonitrile and a 2.5% TFA solution appeared to be optimal choices, leading to better

protein profiles in the 3-14 kDa mass range (Domin et al. 1999, Williams et al. 2003).

The acidic nature of the matrix allows the protonation of basic analytes, which explains
why most peaks in the MALDI-TOF MS spectrum correspond with ribosomal proteins
because such proteins are particularly abondant (20% of total cellular proteins) and aiso
very basic (Suh et al. 2004). Moreover, there is better protein solubility and more
efficient extraction from bacterial cells at iower pH values (Sedo et al. 2011). Other
highiy conserved proteins with housekeeping fonctions are also detected (Murray
2012). The partition of the proteins detected in Staphylococcus aureus is presented in

Figure 6.

Several matrix solutions h&ve been evaluated, with a-cyano-4-hydroxycinnamic acid
(CHCA) being one of the most commonly used for microbiology (Williams et al. 2003).
CHCA and 2,5-dihydroxybenzoic acid (DHB) allow optimal détection of lower mass ions,
whereas sinapinic acid was better for detecting ions in the higher mass range. Sinapinic

acid demonstrated lower sensitivity when compared with CHCA.

19



Table 1. List of the matrix commonly used for MALDI-TOF MS methods (adapted from Clark
étal. 2013).

Matrix Sample type(s) analyzed
Picolinic acid, 3-hydroxypicolinic acid, Oligonucleotides, DNA, and biopolymers
3-aminopicolinic acid
2,5-dihydroxybenzoic acid Oligosaccharides
a-cyano-4-hydroxycinnamic acid Peptides and triacylglycerol
3,5-dimethoxy-hydroxycinnamic acid Proteins
2-(4-hydroxyphenylazo)benzoic acid Peptides, proteins, glycoproteins
2-mercaptobenzothiazole Peptides, proteins, synthetic polymers
2,6-dihydroxyacetophenone Glycopeptides, phosphopeptides

2,4,6-trihydroxyacetophenone Oligonucleotides



Despite numerous studies on MALDI-TOF MS, the physical chemistry involved in the
ionisation process is not sufficiently understood to make prédictions about the best
choice for a given application, and the choice of one matrix over another still relies on
expérience rather than science (van Baar 2010). A list of commonly used matrices for
MALDI-TOF MS methods is presented in Table 1.

The development of new matrix solutions will expand the number of MALDI-TOF MS

applications in the future.

1.2.2.3. Target plates

The analyte signal increases \with decreasing surface-binding affinity as a conséquence
of unbound analyte being free for incorporation into the matrix solution (Peng et al.
2010). Though stainless Steel target plates are widely used, numerous surface
modifications h&ve been tested to improve the signal resolution (Murray 2012). It is
important to not create a liquid smear between the deposits that may resuit in cross-
contamination. This phenomenon seems to be more frequent when using ground Steel
target plates instead of polished Steel target plates, which are idéal for routine purposes
(Bizzini et al. 2010b). Coating the target plates with Teflon aiso improves the
concentration of the analyte/matrix during the crystallisation process, resulting in
deposits that are technically easier to préparé and a réduction in cross-contamination

between deposits (Murray 2012).
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1.2.2.4. Deposits
1.2.2.4.1. Extraction

The first description of MALDI-TOF MS analysis of disrupted bacterial cells was
reported in 1994 (Gain et al. 1994).

In the extraction procedure, Chemicals or enzymes are used to lyse the colonies and
release proteins in an extract that is deposed onto the MALDI-TOF MS target plate
(Alatoom et al. 2011). This pretreatment inactivates the microorganisms and improves
both sample stability and the détection of biomarkers above 15 kDa (Murray 2012).
Background artefacts that impede the identification of typical peaks are removed
(Fournier et al. 2012).

The extraction procedure is typically performed as follows. The colonies to be identified
are mixed in 300 pl of deionised water, and 900 pl of absolute éthanol is then added.
After the first centrifugation step (2 min at 16,600 x @), the pellet is washed with
deionised water and dissolved in 50 pl of 70% formic acid and 50 pl of pure acetonitrile.
After the second centrifugation step (2 min at 16,600 x g), the supernatant is deposited

onto a target plate.

1.2.2.4.2. Whole cell

The first description of MALDI-TOF MS analysis of intact bacterial cells was reported in
1996 (Flolland et al. 1996). UslIng this procedure, the authors showed that five bacterial
species (Enterobacter cloacae, Proteus mirabilis, Shigella flexneri, Escherichia coli and
Serratia marcesoens) were correctiy identified from a larger group by comparison of the
spectra with reference spectra.

In the whole cell procedure, which will be called the "direct deposit" procedure
throughout this work, colonies taken from growth plates are directiy smeared onto the
MALDI-TOF MS target plate (Alatoom et al. 2011).

The term «whole cell» is not completely accurate because the MALDI-TOF MS signais
are more likely from proteins extracted from the cells and co-crystallised with the matrix
(Williams et al. 2003).
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1.2.2.4.3. What is the best option?

Conflicting observations have been reported regarding whether an extraction step is
required before MALDI-TOF MS analysis.

Numerous authors héve highiighted the benefits of using the extraction procedure,
especially for Gram-positive bacteria, indicating that this procedure leads to significantly
higher scores and a higher proportion of isolates correctiy identified at the species level
with a concomitant decrease in the proportion of unidentified organisme (Khot et al.
2012, Alatoom et al. 2011). The direct deposit procedure may resuit in poor score
values because of the thick peptidoglycan cell wall of Gram-positive bacteria or due to
métabolites, pigments and/or agar material on the surface of the cell that may interfére

with the crystalisation process (McElvania TeKippe et al. 2013, Alatoom et al. 2011).

Nevertheless, most microorganisms can be processed by this fast and easy procedure
because they are aiready lysed by exposure to the solvent mixture of the matrix solution
(Croxatto 2011). A recent study even suggested that the time-consuming extraction
procedure was useless and that direct deposit could lead to accurate results even when

performing a single deposit instead of duplicata deposits (Szabados et al. 2012).

Several authors h&ve aiso evaluated simplified extraction procedures by adding formic
acid solutions directiy to the deposit on the MALDI-TOF MS target plates with or without
adopting adapted cutoff values. Such strategies appear to be efficient for the MALDI-
TOF MS identification of yeasts, Streptococcus sp., Aerococcus sp. and nonfastidious,
nonfermenting Gram-negative bacilli (van Flerendael et al. 2012, Schulthess et al. 2013,
McElvania TeKippe et al. 2013, Ford et al. 2013, Matsuda et al. 2012).

The fast direct deposit procedure remains easier to implement in clinical laboratories.
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Figure 7. Figure 8. Figure 9.

Microflex LT marketed by VITEK MS marketed by Andromas marketed by
Bruker Daltonics bioMérieux Andromas
(Bremen, Germany) (Marcy I'Etoile, France) (Paris, France)

Tabie 2. Interprétative identification cutoff values for both the VITEK MS and Biotyper

Systems
Indicator Interprétation Remark
Numerical <60% Q Low confidence level
VITEK treshold > 60% High confidence level
MS Ad_ditlonally A Medium copfidence level low discrimination or contlicting results
(if > 60%) - High confidence level
<17 No reliable identification
) 1.7-2 Probable genus identification
Numerical ‘dentificati babl
treshold 223 Secure genus identification, probable
’ species Identification
>2.3 Highly probable species identification
A Species consistency
Biotyper 10 matches- . score <2 or different species with
based B Genus consistency score >2
indicator . score <1.7 or different genus with
C No consistency score >1.7
Identification- :
based Mat:(i:rf]ltlng Known limitation of the System e.g. E.colivs Shigella sp.

Indicator



1.2.3. Commercial Systems

To our knowledge, three commercial in-vitro diagnosis (IVD) Systems are currently
available in Europe: MALDI Biotyper (Bruker Daltonics, Bremen, Germany), VITEK MS
(bioMérieux, Marcy I'Etoile, France) and Andromas (Andromas, Paris, France). The

Systems are presented in Figures 7, 8 and 9, respectively.

Each MALDI-TOF MS resuit is associated with a score value that is interpreted based
on arbitrary defined cutoff criteria and provides information on the reliability of the
identification resuit. The cutoff criteria recommended by the manufacturers for the two

most marketed Systems in Europe are presented in Table 2.

The MALDI Biotyper has been developed for use on instruments from Bruker Daltonics
(Microflex LT in our laboratory). The Biotyper database includes a large number of main
spectra projections (MSP), or "reference spectra”, to which the acquired spectra are
compared (Lartigue et al. 2013). The Identification is provided with a score value based

on the similarities between peaks of the acquired and reference full spectra.

The VITEK MS database has recently been developed by bioMérieux to be used on the
VITEK MS System. The software uses an identification matrix calculated with the
advanced spectrum classifier (ASC). For sample identification, the test spectrum is
matched against the identification matrix, and the sum of bin weights is calculated for
each of the species represented and transformed into a probability, which is then
reported (Welker et al. 2011).

The spécifications of the Microflex LT and VITEK MS are presented in the appendix

section (appendix 9.1).
Andromas is the third IVD System in Europe and uses the SuperSpectrum algorithm

(Carbonnelle et al. 2007). A SuperSpectrum contains a set of relevant species-specific

peaks to which the unknown spectrum is compared.
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SARAMIS is research use only (RUO) software developed by AnagnosTec (Postdam,
Germany) for use on the Axima (Shimadzu, Kyoto, Japan) instrument. It bas since been
bought by bioMérieux. With this System, identifications are provided with a score value

aiso using the SuperSpectrum algorithm (Lartigue et al. 2013).

The MSP and ASC/SuperSpectra algorithme are different in the manner in which they
incorporate microbial biodiversity into the analysis, and the major issues concern the
number of isolates introduced into the respective databases to represent species
(restricted numbers of individual isolates versus more clinical isolates that may be less
well-characterised). The best algorithm has yet to be determined, but both Systems

appear to be operational (van Beikum et al. 2012).

It should be noted that because of the different algorithme, score values are not
comparable between the Systems (Patel et al. 2013). As with any identification System,
limitations in the databases and identification algorithme should be determined and
taken into account when interpreting MALDI-TOF MS results (Patel et al. 2013, de Bel
étal. 2010).
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1.2.4. Preanalytical parameters affecting MALDI-TOF MS
identification

1.2.4.1. Growth conditions

There are conflicting views regarding the influence of growth conditions on subséquent
MALDI-TOF MS results. The growth media have been reported to affect the spectra
produced by MALDI-TOF MS in several spécifie cases.

In two different studies, the growth of Pseudomonas aeruginosa on MeConkey agar
growth medium and subséquent use of the direct deposit procedure generated poorer
identification results than when other growth media were used (Anderson et al. 2012,
Bizzini et al. 2010b). The reasons for such observations remain unclear and could
involve the presence of pigments in the MeConkey agar growth medium or the induction
of the mucoid phenotype of P. aeruginosa when grown on this medium (Anderson et al.
2012).

The spectral profile of S. aureus aiso appears to be influenced by cultivation conditions.
For example, the addition of blood to the growth medium created peak variations
throughout the spectral profile as a conséquence of the détection of blood dégradation
Products (Walker et al. 2002).

Additionally, growth media contain sodium chloride, and efforts should be made to
suppress salt-containing ions during the MALDI-TOF MS process. The use of formic
acid can improve spectrum resolution by increasing the proportion of ions formed by
protonation relative to the number formed by sodium ion adduction (Lay 2000).

Other studies have reported no influence of the growth medium on MALDI-TOF MS
identification results (Williams et al. 2003, Valentine et al. 2005).

Finally, the growth and storage times and number of subcultures could also alter the
protein profiles and should be reduced whenever possible (Williams et al. 2003, Lay
2000, McElvania TeKippe 2013).

1.2.4.2. Technologist expertise

Préparation of the deposits is a crucial parameter, and the trend toward better quality
deposits with increased expérience has been reported many times (van Flerendael et al.
2012, Seng et al. 2009).
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1.2.5. Reproducibility

Over time, minor variations were observed in the spectral profiles of Bacillus atrophaeus
and E. coli, likely resulting from variations in the growth procedures and efficiency of
solvent extraction prior to analysis. These variations emphasised the need for
standardised sample préparation procedures (Saenz et al. 1999). The same conclusion
was highiighted by Walker et al., who suggested that the différences in intensifies
observed between peaks produced by the same organisme are inhérent to the
technique and should be considered when determining baseline levels (Walker et al.
2002). These authors aiso sho\wed good intra- and interlaboratory reproducibility when
studying S. aureus strains.

A large international multicentre study involving eight laboratories from five countries on
two continents (Europe n=6, USA n=2) was conducted by Mellmann et al. and also
showed a high level of interlaboratory reproducibility of MALDI-TOF MS résulté, usually
achieved only with DNA sequence-based methods. Briefly, 60 blind-coded,
nonfermenting bacterial samples were shipped to the eigth laboratories. Of the 480 total
samples, 467 (97.3%) were correctiy identified at the species level (Mellmann et al.
2009).

Several studies hlve evaluated the reproducibility of MALDI-TOF MS results using
different mass spectrometers. Though spectra acquired from different instruments look
different in terme of relative peaks intensifies and general profiles, the m/z of many ions
are similar and a direct comparison of spectral profiles between laboratories could be
performed if a standardised protocol, including interlab fingerprints from combined
spectra, is used (Wunschel et al. 2005). When comparing the results obtained from
three MALDI-TOF MS mass spectrometers that have different mass resolving power,
namely the AutoFlex II, the AutoFlex Speed and the UltrafleXtreme (Broker Daltonics,
Bremen, Germany), this parameter was shown to have no influence on the quality of the
MALDI-TOF MS results (Sogawa et al. 2011).
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1.2.6. Postanalytical parameters affecting MALDI-TOF MS
identification

1.2.6.1. Adaptation of cutoff criterta

The adaptation of the cutoff criteria may improve the rate of correct species
identification of the numerous species that are frequently correctiy identified but with low
score values (e.g., Bacteroides sp., Staphylococcus lugdunensis, Streptococcus
dysgalactiae), therefore limiting the need for additional unnecessary testing (Szabados
étal. 2012).

A reduced threshold (1.7 vs. 2 to consider an identification reliable at the species level)
has recently been reported to improve the identification of Gram-positive bacteria and to
enhance species identification by 14.3% (McElvania TeKippe et al. 2013). Similar

observations have been reported for Gram-negative bacteria (Ford et al. 2013).

Khot et al. used a computational approach to détermine the optimal cutoff criteria for
species and genus level identification. They suggested that 1.9 could be an optimal
species cutoff criterion because it increased the rate of correct species identification by
6.9% without significantly influencing the rate of misidentification. They aiso

demonstrated that 1.7 was the optimal genus cutoff criterion (Khot et al. 2012).

Another study suggested that cutoff criteria could be adapted for each bacterial species
but that such adaptations would be difficult to manage without efficient interprétation
algorithme and bioinformatic tools (Schulthess et al. 2013); the expertise of the

microbiologist in this field is also of particular importance (Szabados et al. 2012).
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1.2.6.2. Database optimisation

Numerous authors have established a link between the quality of the identification and
the number of corresponding spectra in the database (Khot et al. 2012, Schulthess et
al. 2013, Seng et al. 2009).

For example, Alatoom et al. used the Biotyper database to demonstrate that when the
database contained > 9 spectra from a given species, 75-100% of the isolates from that
species were correctiy identified. This resuit may be explained by the fact that an
increased number of spectra for the same species in the database will likely better
reflect the intraspecies diversity due to variations in protein expression between strains

and potentially under different conditions (Alatoom et al. 2011).

It is important to note that regular updates of the database are required (van Beikum et
al. 2013). In most studies, the complémentation of commercial databases with
additional in-house spectra yielded significant improvements in the rate of correct
identification at the species level (Sogawa et al. 2012, Schulthess et al. 2013, Verroken
et al. 2010, Benagli et al. 2012).

The impact of such updates is illustrated throughout the présent work, with concréte

examples for several types of microorganisms.
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1.2.7. Performance in a routine practice
1.2.7.1. Pros and cons
12.7.1.1. Pros
1.2.7.111 Easeofuse

Despite its high-end technology, MALDI-TOF MS is easy to use. The mass
spectrometer usually shows a single button to press to open a small trap where the
target plate is introduced. The associated software is aiso user-friendly (Bizzini et al.

2010a).

1.2.7.112. Improved identification capacity and efficiency

The clinical relevance and pathogenic potential of previousiy unappreciated taxa are
highiighted by the increased species resolution provided by MALDI-TOF MS (McElvania
TeKippe et al. 2013). Seng et al. reported an increase in the number of bacterial
species identified in their laboratory from 160 in 2002 to 278 in 2012 (Seng et al. 2013).
This resuit may be explained by the fact that a larger number of isolates are identified
from each clinical sample by technologists and that the MALDI-TOF MS databases,
which are easily updated, are 10-fold broader than those of conventional identification
Systems (Seng et al. 2013, Sogawa et al. 2012).

Additionally, these authors also reported an increase in their annual analysis capacity
from 46,079 anaiyses in 2002 to 66,989 analyses in 2012.
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Figure 10. Identification costs, workflow and deiay for the MALDI-TOF MS identification of
bacteria (from Seng et ai. 2009).



1.2.7.1.1.3. Cost

Numerous studies h&ve compared the cost of MALDI-TOF MS identification with
conventional identification techniques and showed variable résulta depending on the
design of the financial analysis (Bizzini et al. 2010b, Seng et al. 2009 and 2013, Caillot
et al. 2011, Neville et al. 2011, van Beikum et al. 2012, Tan et al. 2012, Ford et al.
2013, Dhiman et al. 2011).

Early studies that have included consumables, reagents and salaries and considered
the dépréciation of the instrument over a 5-year period determined the cost of MALDI-
TOF MS identification to be approximately one-quarter of that of conventional
identification techniques (Seng et al. 2009, Cherkaoui et al. 2010). The identification
costs, workfiow and analysis times evaluated by Seng et al. in 2009 are presented in

Figure 10.

Flowever, other parameters not taken into account in these studies aiso favourably
influence the cost of MALDI-TOF MS analysis compared with conventional identification
techniques and include the decreased need for waste disposai, secondary phenotypic
analysis and DNA/RNA sequencing and for subcultures and inoculation of multiple
growth media (Bizzini et al. 2010b, Caillot et al. 2011, van Beikum 2012).

The financial analysis should also consider the laboratory's characteristics, including the
prevalence of the isolated microorganisms and the identification procedures used, and

should take into account the performance of the identification Systems (Tan et al. 2012).

Recent studies have reported a cost réduction ranging from 2- to 96-fold with the use of
MALDI-TOF MS identification compared with conventional identification techniques and

gene sequencing (Seng et al. 2013, Tan et al. 2012, Caillot et al. 2011).

Finally, Ford et al. reported that the cost of 16S gene sequencing of isolates showing
unreliable MALDI-TOF MS identification results (determined to be 6% of ail tested
isolates) might be balanced by the low cost of MALDI-TOF MS analysis and the

reduced need for additional biochemical testing (Ford et al. 2013).
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Figure 11. TTI and 95% confidence interval by MALDI-TOF MS and standard protocols.

The blue and red symbols represent the mean TTI by the standard and MALDI-TOF MS
protocols and the error bars represent the 95% confidence interval.

The organisme identified were as follow: other Staph®, staphylococci other than S. aureus\
BHS", beta-hemolytic Streptococcus; VGS®, viridans group Streptococcus; GPC™, Gram-
positive cocci members of the Enterobacteriaceae family, NF GNB®, glucose-nonfermenting
Gram-negative bacilli; GNCB', fastidious Gram-negative coccobacilli; GPR®, Gram-positive
rod; Anaérobie GN*, anaérobie Gram-negative bacteria; Anaérobie GP', anaérobie Gram-
positive bacteria (from Tan et al. 2012).



1.27.1.14.  Rapidity

The MALDI-TOF MS analysis time was much shorter than the analysis time of most
conventional and gene sequencing identification techniques, ranging from 1 min 46 sec
to 8 min 30 sec depending on the instrument used (Seng et al. 2013).

The entire identification process is thus considerably shortened, and MALDI-TOF MS
identification results may be available to clinicians one day earlier than when using
other identification techniques for most isolates; the différences are even more
pronounced with biochemically inert or slow growing organisms (Neville et al. 2010,
Seng et al. 2013, Tan et al. 2012). The time-to-identification (TTIl) by MALDI-TOF MS
and conventional identification techniques evaluated in a study by Tan et al. is
presented in Figure 11 (Tan et al. 2012). Rapid identification by MALDI-TOF MS may
be used in combination with local antimicrobial stewardship programs to efficiently

optimise early empirical antimicrobial treatments (Seng et al. 2009).

1.2.7.1.1.5. Other advantages

Misinterpretation in the early identification process has no impact on the quality and
accuracy of MALDI-TOF MS identification because it does not rely on any upstream
information, uniilke most conventional identification techniques (Gram stain and/or
examination of the colonies to détermine which panel of tests to choose) (McElvania
TeKippe et al. 2013).

There is no spécifie equipment required for the implémentation of such technology in
the clinical laboratory except a Chemical hood in which to perform the extraction
procedure in case the direct deposit does not yield a valid resuit (see 1.2.2.4.
"Deposits"; Bizzini et al. 2010a).

Finally, as it requires little biological material and few consumables and reagents
compared with biochemical-based instruments (Keys et al. 2004), MALDI-TOF MS may

be considered a "green" technology (Patel et al. 2013).
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1.2.7.1.2. Cons

The major disadvantages of MALDI-TOF MS identification frequently reported by users
are the poor discrimination between closely related taxa and the need for organism
cultivation (Patel et al. 2013, van Beikum et al. 2013).

Several généra, species and/or pathovars require additional biochemical and/or
serological testing to be well-characterised or discriminated. Examples include E. coli
and Shigella sp., Streptococcus pneumoniae and Streptococcus mitis/oralis and
Salmonella Typhi (Neville et al. 2011, Wojewoda 2013).

The identification of tiny or mucoid colonies may yield a small amount of protein and
may generate poor quality spectra; in such cases, phenotypic identification methods
may supplant the MALDI-TOF MS technique, as recently demonstrated in the
discrimination between Pantoea agglomerans and mucoid Pseudomonas spp. (Ford et
al. 2013, Alatoom et al. 2011).

The identification of microorganisms from polymicrobial cultures aiso remains

problematic (Mitsuma et al. 2013, Gray et al. 2013).
Finally, the instrument and its maintenance are expensive (van Beikum et al. 2013,

Pinto et al. 2011). However, this extra cost is balanced by the low cost of reagents and

consumables.
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Table 3. This table summarises seven major studies evaluating the global performance of
MALDI-TOF MS for routine identification of bacteria and/or yeasts.

Study Database Entries  Cutoff n Genus Species No Error Period
or ID% 1D% 1D% % or origin
version of strains
Seng et al. :
CID 2009 Biotyper 2881 1.9/1.7 1660 955 84.2 2.8 1.7 16 weeks
van Veen et al . 327 95.1 85.6 18 3.1 COLL
: Biotyper 2881 2/1.7
JCM 2010 P 980 97.1 92.0 11 17 5 weeks
Cherkaoui et al. Biotyper NR 17 720 94.4 NR 0.8 21 weeks
JCM 2010 Saramis NR 70% 720 88.8 NR 0.4
Bizzini et al. .
JCM 2010 Biotyper 3290 2117 1371 91.5 88.6 6.8 1.8 4 weeks
Biotyper 2 17 317 98.4 95.3 NR NR 4 weeks
Carbonnelle et al. Saramis 2008 70% 317 97.2 93.4 NR NR
JMM 2012 Biotyper 2 1.7 296 94.9 83.4 NR NR .
i Collection
Saramis 2008 70% 296 83.8 65.9 NR NR
Bille et al.
CMI2012 Andromas NR 65% 2665 97.9 97.9 2.1 0 2 months
Dubois et al. o
ICM 2012 VITEK MS 1 60% 767 94.9 86.7 3.8 1.3 6 weeks

NR, not reported; COLL, collection strains



1.2.7.2. Bacterioloqy

Numerous studies are published every year that evaluate the performance of MALDI-
TOF MS in the identification of bacterial isolates (Seng et al. 2009, Stults 1995, Dingle
et al. 2013). Major works evaluating the potentiel of MALDI-TOF MS for bacterial
identification and comparing its performance with conventional or molecular

identification techniques are summarised in this section.

1.2.7.2.1. Global performance

Seven major studies evaluating the global performance of the different available
MALDI-TOF MS Systems are presented in Table 3.

The rate of correct species identification in these studies ranged from 84.1% to 97.9%
when considering only routine isolates.

In the first study, most of the unidentified isolates were anaerobes, and most of the
misidentified isolates were species for which there are known limitations of MALDI-TOF
MS (e.g., S. pneumoniae, E. cloacae, Stenotrophomonas maltophilia) (Seng et al.
2009).

When analysing routine isolates, van Veen et al. observed that MALDI-TOF MS was
particularly helpfui in identifying staphylococci and HACEK isolates compared with
conventional identification techniques. Based on the isolate collection results, the same
authors concluded that better results were obtained from Enterobacteriaceae than from
nonfermenting Gram-negative bacteria (van Veen et al. 2010).

The identification rates obtained using the SARAMIS database were usually lower than
those obtained using the Biotyper database (Cherkaoui et al. 2010, Carbonnelle et al.
2012). Carbonnelle et al. highiighted a major issue with the poor identification of
Neisseria sp. using SARAMIS (Carbonnelle et al. 2012), and Cherkaoui et al. concluded
that the main différences in the identification results observed between Systems could
be due to database composition (Cherkaoui et al. 2010).

As expected, the rate of correct species identification obtained with updated databases
was better than the rates observed in previous studies with older databases (Seng et al.
2009, Bizzini et al. 2010a).

A large study of Bille et al. illustrated excellent identification results obtained using the
Andromas database (Bille et al. 2012).

The VITEK MS System aiso provided satisfactory results (Dubois et al. 2012).
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Figure 12. Biodiversity of rare species identified in the routine identification of ail clinical
isolates tested during the last 11 years in a University Hospital in Marseille (from Seng et al.
2013).



2.12.2. Rare and fastidious growth bacteria

When encountered in the clinical laboratory, infrequently isolated microorganisms
usually require numerous biochemical tests and/or expensive gene sequencing analysis
that increase both the TAT and identification cost.

The performance of MALDI-TOF MS technology in identifying such microorganisms is
less satisfactory than that observed for routine isolates (van Veen et al. 2010,
Carbonnelle et al. 2012).

Recently, Khot et al. reported a rate of correct MALDI-TOF MS species identification of
88.3% for infrequently isolated bacteria versus more than 95.8% for frequently isolated
bacteria (Khot et al. 2012). Flowever, it has been demonstrated that MALDI-TOF MS
can identify infrequent organisme that could not be identified using conventional
identification techniques in more than 45% of cases, therefore avoiding the extra costs
associated with 16S RNA sequencing. In the remaining 55% of cases, failure to provide
accurate MALDI-TOF MS identification was due to the lack of adéquate reference
spectra in the database or poor quality spectra related to the structural properties of the
cell Wall of some bacteria or fastidious growth organisme (Bizzini et al. 2010b). This
resuit again emphasises the need for frequent database updates (van Beikum et al.
2013).

A recent study focused on species for which there are fewer than 10 reports designating
them as human pathogens in the Pubmed database. The authors discussed the
influence of the implémentation of MALDI-TOF MS technology on the total number of
isolates analysed over time, the rate of rare species identification before and after the
introduction of this new technology and the importance of regular database
improvements (Seng et al. 2013). The biodiversity of the rare species identified in this

laboratory over the last 11 years is presented in Figure 12.
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Aérobic Gram-positive cocci

Figure 13. Suggestion of a practical aigorithm for the identification of Gram-positive cocci in
routine diagnotics complementing MALDI-TOF MS with phenotypic and molecular methods
(from Schulthess et al. 2013).



1.2.7.2.3.  Major concerns reqarding Gram-positive bacteria

For years, Gram-positive bacteria recovered from clinical specimens have not been
identified at the species level as often as Gram-negative bacteria in clinical laboratories.
In the future, the number of species-level identifications of such organisms will likely
increase due to the implémentation of MALDI-TOF MS on a daily basis, resulting in
increased knowledge about the clinical significance of numerous previousiy
unappreciated organisms (McElvania TeKippe et al. 2013). As previousiy discussed,
numerous strategies have been evaluated to enhance the quality of Gram-positive
organism identification by MALDI-TOF MS, including the adaptation of cutoff criteria and
évaluation of optimal extraction procedures (McElvania TeKippe et al. 2013, Schulthess
et al. 2013). Nevertheless, several issues remain and are presented in this section.
Recently, an algorithm has been proposed for the interprétation of Gram-positive
MALDI-TOF MS identifications (Figure 13).
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Figure 14. (a) phylogenetic trees constructed on the concatenated sequences of six
housekeeping gene fragments displaying the clonai relationship between the strains under
study and 6497 S. pneumoniae strains stored in the S. pneumoniae | MLST database. (b)
phylogenetic trees constructed on the concatenated sequences of seven housekeeping gene
fragments and displaying the clonal relationship between the strains under study and the 244
strains of the S. mitis group stored in the eMLSA database. In both figures, optochin-
susceptible strains are marked by red filled circies, while optochin-resistant strains are
marked by green filled circies. Red unfilled circies indicate the strains that were primarily
characterised as optochin-susceptible, but optochin susceptibility has not been confirmed for
repeated tests (from lkryannikova et al. 2012).



1.2.7.2.3.1. Streptococci

Among a-haemolytic streptococci, S. pneumoniae is a major human pathogen
responsible for severe infections, including bloodstream infections, severe pneumonie
and meningitis. Its discrimination from other members of this group is therefore of
clinical importance, as streptococci usually occur commensally in the human body,
except in immunocompromised patients or if there is access to the blood. Conventional
identification techniques are not aiways accurate, and the reliable multilocus sequence
analysis (MISA), which provides reliable results, is expensive and time-consuming
(Ikryanikova et al. 2012). Despite its better performance than conventional identification
techniques for the identification of a-haemolytic streptococci (Lopez Roa et al. 2013,
Davies et al. 2012), the high degree of similarity between the mass spectra of S. mitis,
S. oralis and S. pneumoniae makes it difficult to discriminate between these species
using MALDI-TOF MS. Figure 14 illustrates this close relationship (Ikryanikova et al.
2012). Therefore, the identification of ail isolates suspected to be S. pneumoniae is
often confirmed by additional methods, such as the optochin test (McElvania TeKippe et
al. 2013).

However, several authors have recently suggested that spécifie peaks could contribute
to the discrimination of S. pneumoniae from S. mitis/oralis (m/z 6949, 9876, 9975) and
the discrimination of species within the S. mitis group (Ikryanikova et al. 2012, Werno et
al. 2012). Several recent studies evaluated the performance of the VITEK MS, 1.0 and
2.0, for the discrimination of S. pneumoniae from nonpneumococcal species of the S.
mitis group and reported that this System is able to accurately discriminate between
these related organisme (Dubois et al. 2013, Branda et al. 2013, Rychert et al. 2013,
Moon et al. 2013). There are also conflicting results regarding the MALDI-TOF MS
discrimination of the new species Streptococcus pseudopneumoniae, the clinical
significance of which is still unknown (Wessels et al. 2012, Dubois et al. 2013).

For most other streptococci, MALDI-TOF MS outperformed conventional identification
techniques, showing 100% concordance with the Lancefield classification for beta-
haemolytic streptococci, perfect identification of enterococci and complété agreement
with 16S RNA sequencing for the identification of Aerococcus sp. (Lartigue et al. 2009,
Cherkaoui et al. 2011, Fang et al. 2012, Senneby et al. 2013). A recent study even
suggested that MALDI-TOF MS was able to detect the highiy virulent group B
Streptococcus subtype (ST)-17 (Lartigue et al. 2011).
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Figure 15. Classification of staphyiococcal reference strains shown in score-oriented
dendrogram of staphyiococcal reference strains included in the database. The "terms 500-
level cg" and "750-level cg" define cluster groups (cg) based on the branching pattern using
critical distance levais of 500 and 750, respectively. Jt, cluster groups as defined by the
phylogenetic analysis of 16s rRNA genes. (from Dubois et al. 2010).



1.2.7.2.3.2. Staphylococci

The accurate identification of staphylococci is of particular importance because S.
aureus is one of the most frequently isolated nosocomial pathogens responsible for a
wide range of infections and because coagulase-negative staphylococci (CoNS) can
show pathogenic potential, particularly in immunocompromised patients that have

implanted devices (Heikens et al. 2005).

Several authors héve demonstrated the benefits of MALDI-TOF MS identification of
CoNS compared with conventional biochemical identification techniques (Carbonelle et
al. 2007, Dupont et al. 2010). Dupont et al. reported correct CoNS species identification
rates of 97.4%, 79% and 78.6% using the MALDI-TOF MS, Phoenix (BD,
Erembodegem, Belgium) and Vitek 2 Systems (bioMérieux, Marcy I'Etoile, France),

respectively (Dupont et al. 2010).

MALDI-TOF MS is easier to perform than conventional identification techniques, rarely
results in misidentification, includes large databases that are easily updated and could
even have sufficient discriminatory power to group isolates below the species level
(Dupont et al. 2010, Dubois et al. 2010). A MALDI-TOF MS-based phylogenetic tree of

CoNS isolates is presented in Figure 15.

In studies comparing it to the accurate fufgene sequencing, Carpaji et al. demonstrated
that MALDI-TOF MS (Biotyper) was an accurate, easy, cheap and fast method for the
identification of clinically important CoNS, whereas Bergeron et al. concluded that the
molecular technique was better than MALDI-TOF MS when using the SARAMIS System
(Carpaji et al. 2011, Bergeron et al. 2011).

To our knowledge, there is no particular problem related to the use of MALDI-TOF MS
in the identification of S. aureus strains, and the rates of correct S. aureus identification
in the different studies were satisfactory (Bizzini et al. 2010b, van Veen et al. 2010). The
potentials for MALDI-TOF MS typing for S. aureus lineage détermination and toxin

détection are discussed later in this work (sections 1.2.9.5 and 1.2.9.6).
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1.2.7.2.3.3, Other Gram-positive bacteria

The identification of Gram-positive rods is often challenging in clinical laboratories, and
MALDI-TOF MS may offer an alternative to inaccurate conventional identification

techniques.

For example, the laboratory skills necessary for the diagnosis of diphtheria have
declined in many parts of the world, both in routine microbiological laboratories and in
diphtheria reference centres. Identification of the non-diphtheriae Corynebacterium sp.
is aiso particularly challenging, and conventional identification techniques can yield
inaccurate results. After updating the commercial databases, several authors héave
demonstrated that MALDI-TOF MS is a useful approach for the identification of most
Corynebacterium sp. (Konrad et al. 2010, Alatoom et al. 2012). MALDI-TOF MS
analysis of Corynebacterium sp. requires an extraction step because of the
peptidoglycan layer and mycolic acids présent in the cell wall.

The current System is unable to detect diphtheria toxin, which is larger than the
detected ribosomal proteins. Additionally, closely related species, such as
Corynebacterium aurimucosum and Corynebacterium minutissimum, cannot be
discriminated.

The establishment of a spécifie database in combination with a boiling step and formic
acid extraction procedure have been particularly helpfui in the identification of Nocardia
sp., for which conventional identification techniques require skilled technologists and

are usually difficult to interpret (Verroken et al. 2010, Leli et al. 2013a).

Finally, MALDI-TOF MS shows promising results for the discrimination of Bacilius sp.
(Fernandez-No et al. 2013) and outperforms conventional techniques in the
identification ot Actinomyces sp., yielding 99% correct species identification versus only
33% using the API Coryne System (bioMérieux, Marcy I'Etoile, France), a System that

also leads to a high rate of misidentification (Ng et al. 2012).
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Figure 16. Log (score)-derived MSP dendrogram from Shigella, enterohaemorrhagic E. coli
(EHEC), and E. coli using the MALDI-TOF MS-based Biotyper System. The dendrogram was
generated with the distance set at Euclidian and linkage set at compietion (from He et al.

2010).



1.2.7.2.4. Major concerns regardinqg Gram-neqgative bacteria

In most studies evaluating its global performance from a clinical perspective, MALDI-
TOF MS appears to yield better identification results for Gram-negative bacteria than
Gram-positive bacteria (Cherkaoui et al. 2010, Bizzini et al. 2010b, van Veen et al.
2010) and outperforms conventional biochemical identification techniques, especially for
less frequently encountered species (Saffert et al. 2011). However, there are several
limitations of MALDI-TOF MS, which are presented in this section. These limitations
should be taken into account when interpreting the Gram-negative bacteria identification

results.

1.2.7.2.4.1. Enterobacteriaceae

Enterobacteriaceae are usually better identified using MALDI-TOF MS compared with
ail other bacterial groupe (van Veen et al. 2010). However, for several généra or
complexes, such as Citrobacter sp. or the E. cloacae complex, the MALDI-TOF MS
identification is occasionally limited to the genus level (Richter et al. 2013, Bizzini et al.
2010b). In these particular situations, laboratories should consider reporting at the

genus/complex level, and the database should provide a warning (Saffert et al. 2011).

As illustrated in Figure 16, the MALDI-TOF MS-based spectra of £. coliand Shigella sp.
are highiy similar and equally distributed (Hé et al. 2010, Saffert et al. 2011). Shigella is
absent from the Biotyper database and should be systematically discriminated from E.
coli using both biochemical and serological tests when identifying non- or slow lactose-
fermenting isolates from stool samples, intestinal biopsies and other intestinal samples.
(Hé et al. 2010, Neville et al. 2011). Recently Khot et al. suggested that this limitation
could be due to lack of sufficient analysis tools rather than inhérent shortcomings of the

method (Khot et al. 2013).

Similarly, isolates correctiy identified as Salmonella require additional biochemical and
serological tests to exclude/confirm S. Typhi and Salmonella Paratyphi (Neville et al.
2011). While some serovar-specific peaks have been identified by Dieckmann et al.,
MALDI-TOF MS can only be used as a rapid screening tool, and serotyping methods
are still required (Dieckmann et al. 2011). Several biomarkers have aiso recently been

identified that could discriminate S. Typhi from non-Typhi strains (Kuhns et al. 2012).
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The identification of other enteric bacterial pathogens, such as Clostridium difficile,
Campylobacter sp. and Yersinia sp., is easily provided by MALDI-TOF MS (Besséde et
al. 2011, Stephan et al. 2011).

Finally, the discrimination of Raoultella sp. from Klebsiella oxytoca by both MALDI-TOF
MS and conventional identification techniques is unreliable. Using Biotyper, the
application of an additional 10% cutoff criterion (a différence of 10% in the identification
score of the first MALDI-TOF MS match and the score of the first discrepant match) for
isolates dispaying the better score value for Raoultella ornithinolytica could increase

Raoultella genus identification accuracy (de Jong et al. 2013).
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1.2.7.2.4.2. Nonfermenting Gram-negative bacteria

The correct species identification rate of nonfermenting Gram-negative bacteria is
usually lower than that of enteric Gram-negative bacteria (Ford et al. 2013). Rapid and
reliable identification are nevertheless required because nonfermenting Gram-negative

bacteria can cause severe opportunistic infections in immunocompromised patients.

Several studies focused on the nonfermenting bacteria responsible for infections in
patients with cystic fibrosis (CF) evaluated the use of MALDI-TOF MS for the
identification of such organisme. The Systems (VITEK MS and Biotyper) performed
better than conventional identification techniques at providing rapid and reliable
identification of P. aeruginosa, Achromobacter sp. and isolates of the Burkholderia
cepacia complex (Marko et al. 2012, Fernandez-Olmos et al. 2012). This resuit is of
clinical importance because a delay in the identification of B. cepacia complex members
can resuit in unnecessary isolation measures and because CF patients infected with

such organisme are not eligible for lung transplantation (Alby et al. 2013).

Studies evaluating MALDI-TOF MS performance in the identification of Acinetobacter
sp. have reported variable résulté. Alvarez-Buylla et al. noted the limited database for
Acinetobacter sp. other than A. baumannii and emphasised the need for its expansion
(Alvarez-Buylla et al. 2012). In contrast, the System appeared to be adéquate for the
identification of isolates from the Acinetobacter baumannii group, yielding correct
species identification of 98% of ail tested isolates after updating the database to include

Acinetobacter pittii and Acinetobacter nosocomiaiis (Espinal et al. 2012).
Recently, a study evaluating the performance of the VITEK MS 2.0 in the identification

of non-Enterobacteriaceae Gram-negative bacilli reported a correct identification rate of

78.2% at the species level (Maniji et al. 2013).
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1.2.7.2.4.3. Other Gram-negative bacteria

Haemophilus parainfluenzae, Aggregatibacter aphrophilus, Cardiobacterium hominis,
Eikenella corrodens and Kingella kingae are Gram-negative bacteria members of the
HACEK group. These organisme are responsible for endocarditis and a wide range of
other serious infections involving bones, joints, head and neck, lungs and other tissues.
MALDI-TOF MS is a promising tool for the identification of these fastidious organisme
but requires an update of the database, as demonstrated by Couturier et al., who
reported an improvement in the species identification rate from 66% to 79% after the
addition of in-house reference spectra (Couturier et al. 2011 ). A recent study evaluating
the SARAMIS 4.09 database compared with conventional identification techniques of
140 HACEK isoléates reported a correct species identification rate of 86.4% using the
MALDI-TOF MS technique versus only 60.7% and 77.4% using the Remel RapidID NH
System (Thermo Scientific, Zellik, Beigium) and Vitek 2 NH Card System (bioMérieux,
Marcy I'Etoile, France), respectively (Powell et al. JCM 2013).

Discrimination between Haemophilus sp. is particularly important due to the different
clinical présentations related to each species; Haemophilus infiuenzae is responsible for
respiratory tract infections, whereas H. parainfluenzae is a saprophyte of the upper
respiratory tract that may occasionally causes endocarditis. The étiologie réle of
Haemophilus haemolyticus remains controversial. To date, cultures and biochemical
tests remain the gold standard, although misidentifications can occur. Several authors
have evaluated the use of MALDI-TOF MS for the discrimination between these species
compared with conventional and/or molecular identification techniques (Frickmann et al.
2013, Zhu et al. 2013). Frickmann et ai. reported poor performance of both the
SARAMIS System and conventional identification techniques for the identification of
Haemophilus sp. and obtained better results using the Biotyper System after the
database was completed with additional H. haemolyticus reference strains that were
previousiy lacking (Frickmann et al. 2013). Zhu et al. presented MALDI-TOF MS as a
reliable and rapid tool for the discrimination between nontypable H. infiuenzae and H.
haemolyticus (Zhu et al. 2013). However, the great spectral similarity between H.
influenzae and H. haemolyticus can lead to questionable results because both species

may appear in the top of the match list with reliable and acceptable score values.
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Figure 17. Comparison of spectra originating from Brucella abortus bv 1 grown for 24, 72 and
144h. (A) gel-view of spectra obtained from B. abortus bv 1 grown for 24 (red), 72 (green)
and 144 (blue) hours of cultivation. Although the qualitative mass pattern remained stable
over time, marked quantitative changes were observed which are shown in (B) and (C).
Intensities of various peaks significantly changed over time (e.g. 9,792 Da), while others,
such as 9,008 Da, did not (B). A scatter plot representing peak intensities at 2,558 Da and
9,792 Da (C) indicates that spectra generated at different points in time can be well
separated by relative peak intensities (from Karger et al. 2013).



There are conflicting views regarding the potential discrimination between species
inside the genus Brucella using MALDI-TOF MS (Ferreira et al. 2010a, Karger et al.
2013). Particular attention should be paid to the age of the culture when analysing these
organisms by MALDI-TOF MS, as considérable peak changes are observed according

to the growth phase, as presented in Figure 17 (Karger et al. 2013).

Finally, MALDI-TOF MS could replace sequencing techniques for the routine
identification of Légionella sp. if the databases are updated; MALDI-TOF MS aiso
appears to be an interesting approach for further in-depth studies of the epidemiology of

Pasteurella species (Svarrer et al. 2012, Zangenah et al. 2013).
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Table 4. This table summarises the major studies evaluating the performance of MALDI-TOF
MS for the identification of anaérobie bacteria.

Study db Entries E? Cco n Genus Specles No Error Period
or version ID% ID% 1D% % or
oriBin
Nagy et al.* .
CMI 2009 Biotyper 3260 Y 1.7/12 277 97.5 97.5 2.5 0.0 COLL
N 51.9 35.4 41.8 6.3
Biotyper 3746 1.712
Veioo et al. Y 79 60.8 50.6 304 8.9 al
CMI 2011
2875 SSp o
SARAMIS 37804 RSp N 50% 70.9 60.8 25.3 3.8
Justesen et ai. Biotyper 3.1.1.0 2 67.2 67.2 24.8 7.9 Cl 3 years
JCM 2011 P 290
SARAMIS update 2010 80% 60.7 49.0 37.9 14
La Scola et al. cl
Anaerobe 2011 EB NR N 19 544 NR 61 39 0 1 year
Veloo et al.**
SAM 2011 Sdb 89 N 50% 107 NR 89.7 10.3 0 Cl
Bi 2.1, X 62.7 26.5 0
Wybo et al. iotyper 3.2.1.0 \ L7 102 735 al
JCM 2012 EB 3210 89.2 83.3 10.8 0
+23
Culebras et al.* . Cl
Anaerobe 2012 Biotyper 1.7/2.0 Y 1.9 193 99.5 87.0 0.5 6.7 2 years
Fedorko et al. . RS
EJCMID 2012 Biotyper 2.04 Y 2 152 NR 78.9 17.8 3.3 +al
i . . 87.0 66.4 13.0 0
;:;;gi;eztoal'z Biotyper 3995 N©oa7e 23 cl
Y 91.6 77.7 8.4 0
Schmitt et al. 4613 Cl
ICM 2013 EB +87 P 1.7/12 253 91.7 70.8 7.9 4.7 6 months
Barreau et ai. . Cl
Anaerobe 2013 Biotyper 3.0 N 1.7/1.9 1325 99.0 92.5 1.0 0 30 months
Garner et al.
Y +
CMI 2013 VITEK MS 2.0 N 60% 651 92.5 91.2 7.5 0 Cl + COLL

* Studies focusing on Bacteroides sp.

** Study focusing on Gram-positive anaérobie cocci

*** Study focusing on Prevotella sp.

db, database; EB, enriched Biotyper; Sdb, spécifie database;

E?, extraction?; Y, yes; N, no; P, on plate; CO, cutoff

RS, reference strain; COLL, collection strains; Cl, clinical isolates; NR, not reported
Ssp, Superspectra; Rsp, reference spectra



1.2.7.2.5. Anaerobes

Because of its rapidity, MALDI-TOF MS is a promising tool for slow growing or
biochemically inactive bacteria (Clark et al. 2013). Therefore, it is of particular interest
for the identification of anaerobes, and numerous authors bave evaluated MALDI-TOF

MS performance in this particular field.

The major studies related to the use of MALDI-TOF MS for the identification of

anaérobie isolates are summarised in Table 4.

While previousiy evaluated as an experimental tool, MALDI-TOF MS has quickly
become a rapid identification tool with important benefits for clinical laboratories. The
first experiments were conducted by Shah et al., who demonstrated that MALDI-TOF
MS was able to discriminate between Porphyromonas species and showed value as an
epidemiological tool in the study of Fusobacterium nucleatum subspecies (Shah et al.
2002).

From a clinical laboratory perspective, MALDI-TOF MS performance in the identification
of anaérobie bacteria was first disappointing after the révolution it caused for aérobic
bacteria. The rate of correct species identification ranged from 35.4% to 67.2% in
different studies (Veloo et al. 2011a, Justesen et al. 2011). Not surprisingly, the major
identification problems not only concerned species not included in the databases but
aiso the discrimination of Fusobacterium sp. and Propionibacterium sp., which might be
explained by their high intraspecies diversity (Justesen et al. 2011, Veloo et al. 2011b,
Fedorko et al. 2012, Coltella et al. 2013). Incomplete databases may also be
problematic for the user because there is no easy method to detect potential
misidentifications if one of severai closely reiated species is absent from the database,
as was the case for Bacteroides dorei and Bacteroides xylanisoivens misidentification
as Bacteroides vuigatus and Bacteroides ovatus, respectively, in a study by Culebras et
al. (Schmitt et al. 2013, Coltella et al. 2013, Culebras et al. 2012). Most authors have
therefore highiighted the need for database updates, such as adding reference spectra
for unrepresented species and species présent in the databases but for which poor

results were observed (Schmitt et al. 2013, Wybo et al. 2012).
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These adaptations were rapidiy implemented and soon demonstrated the great
potential of the technology for the identification of anaérobie bacteria. Veloo et al.
reported a remarkable improvement in the rate of correct identification (more than 12%
at both the species and genus levais) when retesting the isolates of their study against
the updated version of the Biotyper database made available at the end of the study
period (Veloo et al. 2011a). Nevertheless, the discrimination between B. dorei and B.
vulgatus and between B. ovatus and B. xylanisolvens remains problematic (Pedersen et

al. 2013).

More recently, Barreau et al. reported an improvement of nearly 30% in the rate of
correct species identification (92.5% vs. 61%, n=1325) compared with a previous study
aiso conducted on clinical isolates under the same analytical conditions but with an
older database (Barreau et al. 2013, La Scola et al. 2011). With the updated database,
the authors were also able to identify rare/recent species for the first time in their
laboratory, and the number of "unknown" organisme was significantly decreased
(Barreau et al. 2013). When studying Prevotella sp., Wybo et al. demonstrated that the
addition of a second reference spectrum for Prevotella bivia allowed correct species

identification of ail isolates included in the study (Wybo et al. 2012).

While the importance of database quality has been recognised by ail, there are
conflicting views regarding the optimisation of spectral quality, the adaptation of cutoff
criteria and the need for an extraction procedure when identifying anaerobes by MALDI-
TOF MS. The extraction procedure for anaérobie organisme has been called into
question, as a recent report suggests that the direct deposit procedure is not inferior to
the extraction procedure and may even lead to the identification of previousiy
unidentified strains (Fournier et al. 2012). Other authors have argued that it may avoid
the need for additional tests (Fedorko et al. 2012). Veloo et al. suggested that the need
for an extraction step could dépend on the conditions used to croate the reference
spectra. This study highiighted the increased requirement for an extraction step when
using the Biotyper database, which includes reference spectra acquired from strains
subjected to the extraction procedure, compared with the SARAMIS database (Veloo et

al. 2011a, Wybo et al. 2012).
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However, recent studies that evaluated the performance of the Biotyper 3.0 and VITEK
MS 2.0 databases without performing an extraction step showed correct species
identification résulté in 92.5% and 91.2% of cases, respectively (Barreau et al. 2013,
Garner et al. 2013). A compromise would be to perform an extraction on isolates that

led to unreliable résulta using the direct deposit procedure (Coltella et al. 2013).

MALDI-TOF MS should soon replace conventional identification techniques such as API
20A or rapid ID 32C because of its improved reliability (Kierzkowska et al. 2013, Coltella
et al. 2013, Culebras et al. 2012, Jamal et al. 2013a, Nagy et al. 2009 and 2012, Kliem
et al. 2012).

Finally, the System appears to be a promising tool for both the identification and typing

of anaérobie species such as Propionibacterium sp. and Clostridium sp. (Grosse-

Herenthey et al. 2008, Nagy et al. 2013, Reil et al. 2011).
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1.2.7.2.6. Mycology

Both the time- and cost-effectiyeness of MALDI-TOF MS explain ils potential to
reyolutionise medical mycology (Putignani et al. 2011, Clark et al. 2013, Westbiade et
al. 2013, Buchan et al. 2013).

Studies that have evaluated the capacity of MALDI-TOF MS in medical mycology are

presented in Table 5.

Studies that have evaluated and compared commercial MALDI-TOF MS Systems in
the identification of fungal microorganisms have not highiighted major différences
between Systems but instead confirmed their superiority compared with conventional
identification techniques (Bader 2013, Rosenvinge et al. 2012, Lohmann et al. 2013,
Iriart et al. 2012, Lacroix et al. 2013, Westbiade et al. 2013). The main remaining
différences are that an extraction is recommended for the Biotyper System in contrast
with other Systems (lriart et al. 2012, Lacroix et al. 2013), although on-plate extraction
appears efficient, and no reference spectrum can be added to the VITEK MS
database, which is a closed System (Westbiade et al. 2013, Mancini et al. 2013). For
the identification of non-Candida isolates, Mancini et al. reported a higher rate of
incorrect identification using the VITEK MS database, whereas the Biotyper database

showed a higher rate of unidentified organisme (Mancini et al. 2013).
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1.2.7.2.6.1. Yeasts

Ascomycetous and basidiomycetous yeasts are easily processed and identified by

MALDI-TOF MS (Bader2013).

As previousiy discussed, a crucial parameter for successfui identification by MALDI-
TOF MS is the quality of the database. As previousiy observed, isolates of yeast
species not included in the database will more frequently generate no identification than
misidentification (Stevenson et al. 2010a, Pinto et al 2011). Even if inconvénient,
regular updating of MALDI-TOF MS databases will improve the technology’s potentiel
and is much easier to perform than updating of the databases for conventional methods

(Seyfarth et al. 2011).

Such an update was efficient for the accurate species identification of Cryptococcus sp.,
with an increase of more than 40% in the rate of correct species identification and a
significant improvement in the identification score values compared with the commercial

database (McTaggart et al. 2011).

Moreover, closely related or unusual species that are not discriminated using
conventional identification techniques, such as Candida ortho-, meta- and parapsilosis,
Candida albicans versus Candida dubliniensis or species of the généra Trichosporon
and Geotrichum, are now resolved by MALDI-TOF MS within minutes, which will
certainly contribute to a better understanding of the epidemiology and virulence of such
species in the future (Bader 2013, Quiles-Melero et al. 2012, Clark et al. 2013, Kolecka
étal. 2013).

Standardised procedures regarding cutoff criteria and preanalytical Processing are still
needed (Bader 2013, Pinto et al. 2011, Cassagne et al. 2013). A recent study
suggested that an extraction procedure with one single colony is adéquate for further
MALDI-TOF MS identification, allowing the rapid identification of yeasts from clinical
samples harbouring poor yeast inoculum and avoiding the contamination by
neighbouring species in the culture, which are two significant advantages (Goyer et al.
2012). Rapid on-plate extraction procedures have aiso been evaluated in combination

with the use of lowered cutoff criteria (van Herendael et al. 2012, Theel et al. 2012).
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A major problem with MALDI-TOF MS, particularly with yeasts that produce colonies of
similar morphology and colour onto the traditionally used Sabouraud culture medium, is
the inability to detect mixtures. The use of chromogenic medium on which the typical
colours of growing yeasts may usually be observed after a 48-h incubation is an
alternative (Pinto et al. 2011, Lacroix et al. 2013) given that this incubation time does
not seem to influence the quality of the subséquent MALDI-TOF MS identification resuit
(Goyer et al. 2013).
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Figure 18. Comparison of mass spectra obtained from four subcultures of a strain of
flavus. The strain was subcultured on four different agar plates. Spectra A, B, C and D
display the first spectrum acquired from the subcultures 1,2,3 and 4, respectively. Spectra A
to D diplay many common peak; however, a few varying peaks are aiso clearly visible and
characteristic of one of the subcultures (from Normand et al. 2013).



1.27.2.6.2. Filamentous fungi

In clinical laboratories, the analysis of flamentous fungi cultures is based on micro- and
macroscopie characteristics that require subjective évaluation, does not allow
discrimination between closely related species and occasionally leads to erroneous
identifications (Hettik et al. 2008a,b; Alanio et al. 2011). Again, MALDI-TOF MS
technology may offer an alternative to conventional identification techniques if adéquate
databases are used. However, cultures of filamentous fungi présent multiple zones that
correspond with different maturation levais, making MALDI-TOF MS identification more
challenging (Croxatto et al. 2011, De Carolis et al. 2012a, Alanio et al. 2011, Bader
2013).

For example. Figure 18 shows the heterogeneity of spectra obtained from four
subcultures of one Aspergillus flavus strain. Such heterogeneity must be taken into
account when creating reference spectra and spécifie databases for filamentous fungi,
either by adopting strict and standardised sample préparation procedures or by adding
several entries for each species in the database that reflect the genetic and phenotypic
heterogeneity due to growth conditions (Bader 2013). Fortunately, a recent study
demonstrated that increasing the number of mass spectra acquired from distinct
subcultures of the same strain significantly improved database efficiency and could
partially offset the relatively low number of spécifie strains available with which to
construct the database (Normand et al. 2013). The development of databases including
reference spectra from young and mature cultures of the same strain allows MALDI-
TOF MS analysis of fungal isolates regardiess of sporulation level, even by direct

deposit onto the target plate (De Carolis et al. 2012a, Alanio et al. 2011).

The identification results obtained from a spécifie database are usually better than those
obtained using a commercial database because the reference spectra of the
commercial database (Biotyper) were created from liquid cultures that are rarely used in
a clinical settings due to the risk of contamination (Lau et al. 2013). However, liquid
culture may eliminate identification problems that resuit from pigmented colonies, as

melanin in moulds may inhibit ionisation (Buskirk et al. 2011, Bader 2013).
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Different sample préparation procedures have aiso been evaluated for MALDI-TOF MS
analysis of the filamentous fungi Aspergillus sp., Fusarium sp. and Pénicillium sp.
These procedures include formic acid extraction of scraped colonies, on-plate
extraction, boiling and bead-beating and showed variable but promising results (Hettik
et al. 2008a,b; De Carolis et al. 2012a, Marinach-Patrice et al. 2009, Cassagne et al.
2011, Lau et al. 2013, Alanio et al. 2001 ).

Many of these results are presented in Table 5. MALDI-TOF MS allows correct species
identification of filamentous fungi in approximately 90% of cases within a few minutes,
\which is a major advantage compared with conventional identification techniques that

require days or even weeks (Marinach-Patrice et al. 2009, Alanio et al. 2011).
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1.2.7.2.6.3. Dermatophytes

The diagnosis of dermatomycosis relies on microscopie détection of septate hyphae,
which does not provide any genus or species identification, and on micro- and
macroscopie analysis of cultures after several weeks of growth. MALDI-TOF MS could
replace conventional identification techniques for the identification of dermatophytes
and even be implemented in clinical laboratories (Theel et al. 2011, Alshawa et al.

2012, Nenoffetal. 2013).

Before proceeding, databases need to be updated, and the standardisation of cutoff
criteria and sample préparation is needed (Theel et al. 2011). Results reported by Theel
et al. are promising, with 93% and 59.6% of isolates correctiy identified at the genus
and species levels, respectively. After creating a spécifie database that included 17
reference strains covering six dermatophyte species of the Trichophyton
mentagrophytes complex, we showed that MALDI-TOF MS results were correlated with
phylogenetic data and allowed the correct identification of 89% of the studied

dermatophyte strains (Packeu et al. 2013; appendix 9.2).

In a study of Theel et al., a rate of 60% correct species identification was reported. The
wider range of dermatophytes included in this study may explain the different results
observed in a previous study that reported nearly 100% correct species identification
(Theel et al. 2011, Erhard et al. 2008).

The clinical context should détermine whether species identification is required or if

genus identification is sufficient for patient care (Theel et al. 2011).

52



Intens. [a.u.]

N0

Score 2.498 E. colifrom agar plate culture

[
o w o

[=}
o

F.O J- j0Lmll_ LjilJLAJ-j L i < A-
XIO*
2.0 Score 2.348
15
1.0
0.5

0.0
xIo*

Positive urine sample. E. cxiS>10* CFU/mL.

20 1548 Positive urine sample. E. cx>li 7x10* CFU/mL.

15
1.0

0.5
ol |
XI0*
20 Score 1.295
15 Positive urine sample. E. coli2x10* CFU/mL.
1.0
0.5

00
xIO*

2.0 Scorel.368
15
1.0

= LB gL

Négative urine sample.

m/z
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1.2.8. Analysis of clinical samples

The MALDI-TOF MS analysis of microorganisms directiy from clinical samples is a
major challenge for microbiologists, especially when investigating bloodstream
infections that are associated with high rates of mortality and morbidity (Angus et al.
2001, Albert! et al. 2002, Vincent et al. 2006). Because of its low cost and high rapidity,
MALDI-TOF MS is an interesting alternative to expensive molecular techniques.
Identification of bacteria and yeasts directiy from positive blood cultures or other clinical
samples using MALDI-TOF MS implies the removal of analytical interférences (proteins,
crystals, cells) and the extraction of the microorganism to ensure a sufficient amount of
biological material on the target plate and a subséquent good quality spectrum (March-
Rossello et al. 2013). The bacterial inoculum is a crucial parameter that clearly affects
spectrum quality (Stevenson et al. 2010b, Christner et al. 2010). Based on previous
studies, a minimal inoculum of 10® to 10®@ CFU/mL appears to be necessary to yield
accurate species identifiation (Justesen et al. 2011, Christner et al. 2010). The impact of
bacterial inoculum on the MALDI-TOF MS spectrum evaluated using urine samples is
shown in Figure 19. The sample volume to be analysed may be adapted to ensure a
sufficient concentration on the target plate (Fothergill et al. 2013, Wuppenhorst et al.
2012).

Several types of pretreatment have been reported to help eliminate interférence. Cell
lysis using saponin, ammonium chloride or Tween 80 (Drancourt et al. 2010) led to
satisfactory identification results, and a commercial kit has been produced using this
principle (Loonen et al. 2012, Kok et al. 2011, Juiz et al. 2012, Lagacé-Wiens et al.
2012, Meex et al. 2012). Differential centrifugation protocole use sequential
centrifugation steps to sédiment cells and obtain debris-free supernatants, \which are
centrifuged a final time to recover the bacterial pellets (March-Rossello et al. 2013).
Finally, plasma, which représente up to 55% of total blood volume, is an idéal medium
from which to recover propagated bacteria because they are mainly présent in the
extracellular compartment. Therefore, the use of serum-separator tubes has been
evaluated to separate cellular débris and interfering substances from the bacterial

pellets (Moussaoui et al. 2010).
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Numerous studies that have evaluated these protocols in combination with different
mass spectrometers, cutoff criteria and databases have been published. A sélection of
these studies is presented in Table 6. The variety in study designs makes their

comparison difficult. However, common observations may be noted.

First, most studies conclude that Gram-negative bacteria are more easily identified at
the species level from positive blood cultures than Gram-positive bacteria (Schmidt et
al. 2011, Ferreira et al. 2011a, Kok et al. 2011, Jamal et al. 2013b, March-Rossello et
al. 2013, Leli et al. 2013b), llkely due to the différences in cell wall composition (Chen et
al. 2013a). As previousiy mentioned, the identification of streptococci remains critical
(Stevenson et al. 2010b, La Scola et al. 2009, Leli et al. 2013b, Ferreira et al. 2011a).
The exclusion of peaks below 4,000 m/z, which correspond with residual blood
components could increase the rate of confident MALDI-TOF MS identification,
especially for Gram-positive bacteria (Buchan et al. 2012).

Second, mixed cultures resuit in the failure of MALDI-TOF MS identification from
positive blood cultures (Leli et al. 2013b, La Scola et al. 2009, Ferroni et al. 2010,
Christner et al. 2010, Wuppenhorst et al. 2012, Vlek et al. 2012, Fothergill et al. 2013).
In most cases, only the most abondant organism in the mixture is detected. Organisme
that share a minor part of the total biomass (e.g., 10%) will likely be lost in the
background noise (Welker et al. 2011). Flowever, several authors have suggested that
Biotyper software can occasionally provide additional information about mixtures
because several identification results with reliable score values appear among the 10
best identification proposais (Moussaoui et al. 2010, Chen et al. 2013a, Saffert et al.
2012).

The nature of the microorganism may aiso affect the success of MALDI-TOF MS
identification from positive blood cultures, as encapsulated bacteria (H. influenzae, S.
pneumoniae, Klebsiella pneumoniae) seem to yield poor MALDI-TOF MS identification
results (Prod'Flom et al. 2010).

If the incubation time is prolonged, there may be an increase in the number of non-
bacterial components, which could impair spectrum quality by masking spécifie bacterial
signais (Christner et al. 2010); moreover, higher bacterial density may also impair the

analysis accuracy (Fothergill et al. 2013).
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Various results have been reported on the identification of yeasts from positive blood
cultures, but recent studies focusing on such organisms suggest that MALDI-TOF MS is
an efficient method for yeast identification from positive blood cultures and shows
excellent results for C. albicans in particular (Marinach-Patrice et al. 2010, Yan et al.

2011, Spanu et al. 2012, Lavergne et al. 2013).

In contrast to conventional identification techniques, a misinterpreted Gram stain resuit
has no influence on the MALDI-TOF MS workfiow (Buchan et al. 2012). However, such
colouration is still mandatory to detect potential mixed cultures (Clerc et al. 2013a), to
allow the récognition of organisms poorly identified by MALDI-TOF MS, such as
Propionibacterium sp. (Stevenson et al. 2010b) or when using adapted cutoff values to

exclude discrepant results (Wuppenhorst et al. 2012, Fugisang-Damgaard et al. 2011).

In the future, improved algorithme and automated purification protocole might increase
sensitivity and facilitate sample handling (Christner et al. 2010). Another alternative to
quickly identify the microbial agents responsible for bacteraemia is to perfom MALDI-
TOF MS identifications in the late afternoon on subcultures prepared from positive

blood cultures got earlier during the day (Loonen et al. 2012).

The rapidity of MALDI-TOF MS identification from positive blood cultures as determined
by considérable réductions in TATs (from 41 h to more than 112 h depending on the
study and identified organisms) compared with conventional identification techniques
has been demonstrated many times (Figure 20) (Leli et al. 2013b, Schneiderhan et al.
2013, Buchan et al. 2012). However, the true clinical impact of such rapid identification
has been poorly evaluated. The greatest clinical impact may resuit from the
identification of more virulent strains and organisms with predictable résistance to
antibiotics, such as S. maltophilia (Chen et al. 2013a). Rapid identification should aiso
help find the origin of sepsis if it remains unknown and allow the rapid réduction of
broad empirical antimicrobial treatment; however, MALDI-TOF MS cannot replace the
susceptibility testing that still must be performed (Croxatto et al. 2012, Emonet et al.

2011, Norietal. 2013).
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Vlek et al. reported that the proportion of appropriate antimicrobial treatments
administred within 24 h increased by 11.3% when performing MALDI-TOF MS analysis
directiy on positive blood cultures (Vlek et al. 2012). In another study, Clerc et al.
demonstrated that such rapid identifications affect more than one-third of ail épisodes of
Gram-negative bacteraemia (modification of 35.1% of empirical treatments, although
20.8% of treatments were previousiy modifled based on the Gram stain resuit) (Clerc et
al. 2013a).

Clerc et al. aiso reported that MALDI-TOF MS identification from positive blood cultures
in combination \with the GeneXpert molecular test allowed the identification of
methicillin-resistant S. aureus (MRSA) sepsis within 201 min, which was associated
with the decreased unnecessary use of glycopeptides to treat methicillin-susceptible S.
aureus (MSSA) (Clerc et al. 2013b). More recently, Fluang et al. demonstrated that a
rapid diagnosis also had an impact on mortality (14.5% vs. 20.3%) and length of stay in
the intensive care unit (ICU) (8.3 vs. 14.9 days) (Fluang et al. 2013).

It must be noted that improved TAT will have a clinical impact only if used by clinicians
without delay: therefore, good communication between heaith professionals is required

(Emonetet al. 2011).

Direct identification from clinical samples other than positive blood cultures has aiso
been reported. As previousiy discussed, the identification of individual species directiy
from clinical samples is possible only for species présent in a sample in significant
abondance, as can be the case for urine samples. In other clinical samples, including
respiratory and stool samples, the bacterial background from the commensal flora and
dégradation products may interfére with the détection of potential pathogens présent in
comparatively low abondance (Welker et al. 2011).

Identification of the bacteria responsible for urinary tract infections (UTI) using MALDI-
TOF MS is controversial. Croxatto et al. suggested that the use of chromogenic medium
coupled with simple phenotypic tests is a simpler method to identify most UTI agents
(Croxatto et al. 2012), whereas other authors have proposed the sélection of candidate
samples for MALDI-TOF MS identification using flow cytometers that can quickly
identify négative cultures (Wang et al. 2013).
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The identification of bacteria from cerebrospinal fluid has been reported (Nyvang
Hartmeyer et al. 2010) but is not currently implemented in routine diagnostic

laboratories because of the low bacterial load and sample volume available (Croxatto et
al. 2012).

Finally, the direct identification of microorganisms from enrichment broths may
accelerate pathogen détection, as described by Sparbier et al for Salmonella grown in
sélective liquid media (Sparbier et al. 2012) and more recently by Pereyre et al. for

mycoplasmas (Pereyre et al. 2013).
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Figure 21. MALDI-TOF MS spectre obtained from one M. tuberculosis strain using different
protocols (from El Khéchine et al. 2011).



1.2.9. Developments
1.2.9.1. Mvcobacterioloqy

Mycobacteria include approximately 150 different species, many of which are clinicaliy
significant. The first studies evaluating MALDI-TOF MS identification of mycobacteria
were conducted by Hettik et al. and Pignone et al., who demonstrated the technique’s
efficiency in discriminating Mycobacterium tuberculosis complex species from non-

tuberculosis mycobacteria (Pignone et al. 2006, Hettik et ai. 2004).

The delay in implementing MALDI-TOF MS for the identification of mycobacteria in
clinical laboratories may be due to the need for an efficient inactivation protocol to
ensure the technologists' security (Murray et al. 2012). This inactivation is very
important given that the mass spectrometer is not usually located in a P3 laboratory
(Lotz et al. 2010). Inactivation procedures have been evaluated by several
investigators, and beat inactivation (95°C for 30 min - 1 h) appears to be the most
efficient procedure still ailowing the acquisition of good quality spectra (Figure 21)
(Saleeb et al. 2011, El Khéchine et al. 2011). Disruption of the cell envelope for

adéquate protein extraction is usually achieved using silica beads to preserve the
proteins (Saleeb et al. 2011).

Optimal inactivation and extraction procedures associated with database enrichment led
to promising results with good identification of both slow- and fast-growing mycobacteria
and good discrimination between Mycobacterium tuberculosis complex species and
non-tuberculosis species, as well as species within the M. tuberculosis complex and
closely related species, such as Mycobacterium massiliense and Mycobacterium

abscessus (Panda et al. 2013, Shitikov et al. 2012, Teng et al. 2013).

Recently, Balada-Llasat et al. evaluated the Biotyper Mycobacteria library 1.0, which
included spectra representing 94 species and 173 strains, for the identification of 178
mycobacterial isolates grown on commonly used solid and liquid media. The results
demonstrated successfui species and genus identification in 93.8% and 98.3% of
cases, respectively. This database leads to grouping at the complex level for the M.
tuberculosis, Mycobacterium avium-Mycobacterium intracellulare and Mycobacterium

fortuitum complexes and the M. abscessus group (Balada-Llasate et al. 2013).
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Database completion and standardisation of the pretreatment of solid and liquid cultures
will further improve MALDI-TOF MS potential in the mycobacteriology laboratory in the
future, as demonstrated in a recent study showing better mycobacterial identification

when using the Biotyper database than when using the Vitek MS System (Chen et al.

2013b).
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1.2.9.2. Parasitology

In parasitology, MALDI-TOF MS has been limited to fundamental research, including
general parasitic proteome studies (Gitau et al. 2011, Wang et al. 2009), and the
characterisation of spécifie biomarkers for the discrimination between environmental
and human Cryptosporidium and Giardia species for water management (Magnuson et
al. 2000, Villegas et al. 2006). Diagnostic use of MALDI-TOF MS in parasitology has
remained limited and has been used for sérum peptide profiling of mice infected with
Leishmania (Li et al. 2012) and the discrimination between microsporidian isolates

grown in cell cultures (Moura et al. 2003).

1.2.9.3. Viroloqy

In virology, the data are aiso very limited. Mass spectrometry-based assays that
combine the benefits of molecular techniqgues and MALDI-TOF MS héave been
developed to provide an alternative approach to expensive genotyping methods (Meyer
et al. 2011, Ganova-Raeva et al. 2013). This combined System (MassARRAY,
Sequenom, San Diego, USA) has been evaluated for the purpose of genotyping various
viruses, such as human enterovirus (Peng et al. 2013), hepatitis B virus (Ganova-Raeva
et al. 2010) and herpesviruses (Sjoholm et al. 2008). MALDI-TOF MS has also been
used in human immunodeficiency virus-infected patients to profile their sérum proteins
(Van Duyne et al. 2010) and to detect antirétroviral résistance in combination with

restriction fragment mass polymorphism (RFMP) (Lee et al. 2013).
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Figure 22. MALDI-TOF mass spectrogram of ampicillin for five ESBL-producing E. coli
strains and one ampicillin-susceptible strain, The figure demonstrates the accumuiation of
complété (biue arrow) and partial (red arrow) hydrolysis products in ESBL-producing strains.
Accumulation of native ampiciilin \«as présent only in the susceptibie strain DH5a (black
arrow) (from Ledeboer et al. 2011 ; courtesy of M. Kostrzewa, Bruker Daltonics).
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Figure 23. Représentative composite correiation index (CCIl) matrix derived from seiected
mass spectra, which correspond to those for C. glabrata DSP155 cells (MIC of 4 pg/ml)
exposed for 15 h at 37°C to serial caspofungin concentrations (Including the null one),
ranging from 0.5 to 64 pg/ml. By comparing spectra with one another at the Indicated drug
concentrations, numerical correiation indices were obtained, automatically visualised in a
CCI matrix view, and translated into a beat map (on the left) in which closely reiated spectra
are marked in hot coiors and unrelated ones in cold coiors. After matching for each
concentration and its spectrum simiiarity against each of the two extreme concentrations (null
or maximum) of the drug, the MPCC was assessed as the CCI value at which a spectrum is
more similar to the one observed at the maximum caspofungin concentration (maximum CCI)
than the spectrum observed at the null caspofungin concentration (null CCl). The MPCC (4
pg/ml) and its relative null and maximum CCI values are shown on the right in the red box
(from De Carolis et al. 2012).



1.2.9.4. Drug susceptibilitv testinq

Antibiotic résistance bas increased considerably in recent years and constitutes a major
public heaith problem (Hrabak et al. 2013). Several mechanisms have been recognised
in the résistance of microorganisms against antimicrobial agents.

As many of the proteins invioved in drug résistance are not expressed at high levais
compared with other bacterial proteins, the direct détection of résistance déterminants

is not conceivable (Ledeboer et al. 2011).

A first alternative, presented in Figure 22, is to detect peaks of métabolites produced by
the enzyme rather than peaks corresponding to the enzyme itself (Ledeboer et al. 2011,
Hrabak et al. 2013). This idea is based on spectral acquisition before and after
incubation of the bacteria with the antibiotic to be tested to detect peaks corresponding
with the antibiotic or its salts and/or dégradation products (Hrabak et al. 2013). This
approach has been evaluated for the détection of extended spectrum beta-lactamases
(Ikryannikova et al. 2008) and carbapenemases (Hrabak et al. 2011, Burkhardt et al.
2011, Alvarez-Buylla et al. 2013). Unfortunately, it does not provide any additional
information regarding the presence of other résistance mechanisms, such as porin

alteration or efflux mechanisms (Burkhardt et al. 2011).

A second alternative is to consider mass spectral changes while exposing the organism
to serial dilutions of the antimicrobial agent to be tested. In 2009, Marinach et al.
postulated that the protein composition of C. albicans could vary depending on the drug
concentration to which it is subjected. They acquired mass spectra from a susceptible
strain before and after exposure to serial dilutions of fluconazole and postulated a new
endpoint called the minimal profile change concentration (MPCC). This parameter is
defined as the lowest concentration at which a change in the mass spectrum can be
detected (Marinach et al. 2009). A composite corrélation index (CCl)-based method led
to a high concordance level between MPCC and minimal inhibitory concentration (MIC).
The method revealed promising results for susceptibiilty testing of caspofungin against
both Candida and AspergiUus\ an example Is presented in Figure 23 (De Carolis et al.
2012b). In the future, MALDI-TOF MS could accelerate antifungal susceptibiilty testing,

but additional studies are still necessary (Vella et al. 2013).
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Using the CCI method, several authors have demonstrated that the différentiation
between cfia-negative and cfia-positive B. fragilis strains using MALDI-TOF MS was

feasible (Wybo et al. 2011, Nagy et al. 2011).

More recently, a new approach based on MALDI-TOF MS and bioinformatics was
evaluated using drug-containing isotope-labelled growth medium (Demirev et al. 2013).
Comparison of the spectra of microorganisms grown in uniabelled (control) and isotope-
iabeiled media allows the détermination of résistance by the détection of mass changes;
if the microorganism survives in the presence of drug, it consumes and métabolisés the
isotope-labelled nutrients, which results in a mass shift compared with the naturel
isotope-abundance mass value. This approach is illustrated in Figure 24 and requires a
5-h incubation instead of the usual 24-h incubation for conventional AST. Based on the
same principle, Sparbier et al. reported satisfactory results for the détection of MRSA

using labelied amino acids (Sparbier et al. 2013).

The manuel analysis of raw spectra is difficult, and interprétation of the spectra requires
adéquate software. Moreover, MALDI-TOF MS susceptibility testing only provides
partial information. Therefore, such methods will likely complément but not replace
standard AST in the future (Burkhardt et al. 2011, Hrabak et al. 2013).
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1.2.9.5. Bacterial tvping

A comprehensive review focusing on MALDI-TOF MS bacterial typing bas recently been

published (Sandrin et al. 2013).

Briefly, the three objectives of bacterial typing require low, intermediate and high
discriminatory power. Strain catégorisation requires low discriminatory power and aims
to group strains that share a common trait (e.g., classification of strains according to
their membership in a complex or whether they are clinical or environmental in origin;
Dubois et al. 2010, Wolters et al. 2011). Strain différentiation requires intermediate
discriminatory power and is based on the presence/absence of one or several peaks
(e.g., the use of a strain-specific biomarker to differentiate strains of Streptococcus
pyogenes', Moura et al. 2008). Strain identification requires high discriminatory power
and compares the profiles of unknown strains to reference databases (e.g., strain
identification of Streptococcus agalactiae\ Lartigue et al. 2009). Bacterial typing is more
demanding than routine identification in terms of reproducibility and discriminatory
power (Croxatto et al. 2012, Dieckmann et al. 2008, Josten et al. 2013).

The limit of MALDI-TOF MS typing might be largely determined by the nature of the
bacteria profiled, as some bacteria are very different and others are almost
indistinguishable at the subspecies level (Karger et al. 2011). Therefore, there will likely

be a need for bacterium-specific modules (Sandrin et al. 2013, van Beikum et al. 2012).

Numerous MALDI-TOF MS typing schemes have been evaluated and compared with
conventional typing methods.

Wolters et al. reported the élaboration and validation of a hospital-associated MRSA
(HA-MRSA) typing scheme that showed a high concordance with the clonal complex
deduced by spa typing (Wolters et al. 2011). This type of discrimination between S.
aureus lineages using MALDI-TOF MS was recently confirmed by Josten et al. (Josten
et al. 2013).

Other studies have evaluated MALDI-TOF MS as a typing tool for Listeria sp.,
Stenotrophomonas sp., Neisseria meningitidis, Legionelia sp. and others compared with
pulsed-field gel electrophoresis (PFGE) or multi-locus sequence typing (MLST). Each
study revealed promising results (Fujinami et al. 2011, Vasileuskaya-Schuiz et al. 2011,

Suarez et al. 2013, Barbuddhe et al. 2008).
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Satisfactory résulta investigating outbreaks have aiso been reported with
Corynebacterium striatum, Corynebacterium pseudodiphteriticum, S. pneumoniae and
MRSA and Candida parapsilosis in néonatal intensive care units (Verroken et al. 2013,

Bittar et al. 2010, Williamson et al. 2008, Schlebusch et al. 2010, Pulcrano et al. 2012).

MALDI-TOF MS is usually faster and cheaper than conventional typing methods, but
additional studies are still required to confirm these résulta and to détermine the
potentiel réle of this technology in epidemiological studies (Lartigue et al. 2013). While it
allows the discrimination between bacteria below the species level, it may not aiways be
as discriminatory as other typing methods (Verroken et al. 2013). If MALDI-TOF MS is
unsuccessfui, other techniques providing more rigorous structural biomarker
characterisation might be required to attain the desired level of taxonomie resolution
(Sandrin et al. 2013).

MALDI-TOF MS typing is usually achieved using library-based approaches, but
bioinformatic-based approaches have also been described and will likely flourish in the
future thanks to easier access to hardware and genome sequences (Sandrin et al.
2013).
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1.2.9.6. Microbial virulence

The détection of virulence factors using MALDI-TOF MS has been poorly investigated.
Spécifie peaks corresponding with the Panton-Valentine leukocidin (PVL) toxin of S.
aureus have been reported, but these results have been questioned and rejected by
another team that showed that the peaks were aiso présent in PVL-negative isolates
(Bittar et al. 2009, Szabados et al. 2011). More recently, the staphylococcal delta toxin,
the presence of \which is associated with acute infection, has been detected by MALDI-

TOF MS (Gagnaire et al. 2012).
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introduction in the US

Figure 25. Partition (%) of the workioad at the sample réception unit in a university laboratory
Processing a mean of 300 samples per days and employing ten full-time technologists. Time
was assessed by self-reporting activity at 15-min intervals; activités had to be assigned to
one of the seven categories presented on the graph (from Greub et al. 2011).



1.3. Evolution of the microbiology laboratory

Today, the clinical laboratory is evolving much faster than in previous centuries (van

Beikum et al. 2013, Burnham et al. 2013, Doern et al. 2013).

First, the clinical laboratory has been completely transformed by the development of
numerous molecular and biophysical technologies (van Beikum et al. 2013, Emonet et

al. 2010, Ho et al. 2011).

Second, the trend towards an increased number of samples is not matched by an
increase in human resources due to severe financial restrictions; however, assuring the
quality of the results is still required. Automated Systems for répétitive and fastidious
tasks such as sample inoculation, which représenta a quarter of the technologist's
activities (Figure 25), could be a solution as they can save 50%-70% of the time spent

by a full-time technologist (Dumitrescu et al. 2011, Greub et al. 2011).

Finally, there is move toward large pooled analytical platforms, which usually consist of
a central laboratory and one or more remote laboratories that address urgent samples.

This change leads to the concentration of resources, amalgamation of services and

sub-specialisation (Humphreys et al. 2010, Raoult et al. 2004).

This complété rethinking of clinical microbiology organisation should not be performed

without putting the patients' interests in the forefront.
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2. Study objectives
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2.1 General objective

The aim of this research is to evaluate the contribution of MALDI-TOF MS to the

microbiology laboratory.

2.2. Spécifie objectives

2.2.1. Contribution to routine microbiological diagnosis

In this section, the MALDI-TOF MS technology is evaluated as an analytical tool for
both a routine clinical practice and a national reference centre (NRC) practice. Using a
large panel of routine isolates, two commercially available IVD MALDI-TOF MS Systems
are evaluated and compared in terms of analytical accuracy and practicality (see
section 4.1). In a second study, MALDI-TOF MS is compared with conventional
identification techniques for the identification of Campylobacter and related organisme
(see section 4.2). Finally, a commercial kit and an “in-house” method for MALDI-TOF
MS identification directiy from positive blood culture are compared to détermine which

System would be the best option for use in a routine laboratory (see section 4.3).

2.2.2. Contribution to the clinical management of infected

patients

Despite the fact that every hour with inadéquate antimicrobial treatment in septic shock
is associated with increased mortality, doubts remain about the clinical impact of a rapid
identification in these situations. Indeed, an “identification resuit’ does not mean a
“susceptibility testing” resuit, and broad spectrum antimicrobial agents should aiways be
immediately administered in severe sepsis. The aim of this section is therefore to
evaluate the impact of the bénéficiai aspects of MALDI-TOF MS (accurate identification
and reduced TTI) on the clinical management of patients with suspected sepsis (see

section 4.4).
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2.2.3. MALDI-TOF MS in the microbiology laboratory of the

future

In Europe, the rationalisation of heaith costs requires major changes in hospital
organisation and the development of strategies for laboratory cost-containment. Large
centralised clinical laboratories are now being developed \which requires technique
harmonisation, automation and workflow adaptation. In the context of pooled analytical
platforms, MALDI-TOF MS appears to be a good candidate for the délocalisation of
bacterial identification. The feasibility of MALDI-TOF MS networking is evaluated in this

third section (see section 4.5).

2.2.4. MALDI-TOF MS in fundamental microbiology research

To date, MALDI-TOF MS has mostly been evaluated as an identification tool in
bacteriology and mycology. Research studies that open perspectives for new MALDI-
TOF MS applications in microbiology are presented in this last section that include the
optimisation of Campylobacter growth conditions for further identification by MALDI-
TOF MS (see section 4.6) and the évaluation of MALDI-TOF MS for the subtyping of

Blastocystis sp. (see section 4.7).
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3. Materials and methods
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3.1. Study sites

3.1.1. iris-Lab

iris-Lab is a multisite dinical laboratory that performs ail dinical biology analyses for the

following hospitals:

Saint-Pierre University Hospital: a 450-bed teaching hospital located in the centre of
Brussels, Belgium. Saint-Pierre University Hospital offers general and spedalised
medical services in approximately 20 disciplines, including paediatrics, and is a
certified level 1 régional centre for infectious diseases (www.stpierre-bru.be).

Jules Bordet Institute: a 167-bed teaching hospital. The only autonomous hospital in
Belgium (Brussels) totally dedicated to cancer. Jules Bordet Institute covers both
cancer screening and dinical care. The institute is aiso a teaching hospital involved
in research activities (www.bordet.be).

Brugmann University Hospital: an 854-bed hospital organised into three distinct sites
in Brussels, Belgium. Brugmann University Hospital provides medical care for
27,700 inpatients and 325,000 outpatients annually (www.chu-brugmann.be).

Queen Fabiola Children's University Hospital (QFCUH): a 168-bed teaching hospital.
The only Belgian university hospital devoted entirely to children’s medicine, with over

11,000 children admitted annually (www.huderf.be).

3.1.2. Bruker Daltonics R&D Department

Portions of the experiments were performed on a Microflex LT in the Research and

Development Department of Bruker Daltonics, Bremen, Germany.

3.1.3. bioMérieux R&D Department

Portions of the experiments were performed in the Research and Development

Department of bioMérieux, Lyon, France.
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3.2. Population

The study population consists of the population in the hospitals listed above and
therefore includes general and oncological adult patients and paediatric patients. Many
of these patients are of low socioeconomic status. Many patients are not covered by

any insurance or are political or économie refugees.

3.3. Period

The studies were conducted over a 3.5-year period from November 2009 to April 2013.

3.4. Strain and clinical sample origins

In the study comparing commercial MALDI-TOF MS Systems, ail strains included in
the "routine" panel (n=986) were prospectively isolated from clinical samples from
both Saint-Pierre University Hospital and Jules Bordet Instituts. Strains included in
the "anaerobe" panel (n=75) were from a collection of prospectively acquired routine
strains provided by the Microbiology Department of Universitair Ziekenhuis (UZ)
Brussel, Brussels, Belgium. Strains included in the "enteric pathogen" panel (n=53)
were either collection or reference strains from Saint-Pierre University Hospital.

Ail strains (n=1055) analysed in the study evaluating MALDI-TOF MS networking
were routine strains prospectively acquired from clinical samples from both
Brugmann University Hospital and Queen Fabiola Children’s University Hospital.
Campylobacter strains were routine (n=224) and reference strains from Saint-Pierre
University Hospital.

Blastocystis strains (n=19) were cultivated in the Department of Parasitology in the

Academie Medical Center of Amsterdam, The Netherlands.
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3.5. General methods

3.5.1. Data collection

Microbiological data, routine results extracted from the laboratory information System
(LIS) and MALDI-TOF MS results were collected in Excel files. Clinical data were

prospectively and/or retrospectively collected on standardised case report forms.

3.5.2. Microbiological diagnosis

Routine isolates were identified using MALDI-TOF MS and/or conventional
identification techniques, including Gram staining, Vitek 2 and API Systems
(bioMérieux, Marcy I'Etoile, France), biochemical tests (e.g., coagulase, oxidase,
catalase, agglutination, indole), the use of chromogenic media and others. Uncertain
identifications were confirmed by molecular methods.

Anaérobie strains were identified by gas-liquid chromatographie analysis of their
cellular fatty-acid composition and complementary biochemical and enzymatic tests,
if necessary.

Enteropathogenic strains were identified by biochemical and serological tests or
commercial Systems (API, Vitek 2). Most strains were aiso submitted to NRCs.
Campylobacter strains were identified by several PCR-based identification methods
using whole-cell protein profiling and DNA-DNA hybridisation experiments, classical
biochemical tests and/or partial 16S rDNA sequencing.

Positive blood cultures were plated onto nonselective agar media, and isolated
colonies were identified by MALDI-TOF MS or the conventional identification
techniques described above.

Blastocystis STs were determined by the analysis of partial SSU-rDNA sequences.
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3.5.3. MALDI-TOF MS analysis

MALDI-TOF MS analyses were performed on a Microflex LT instrument equipped with
the Biotyper database and/or in-house databases (Bruker Daltonics, Bremen,
Germany) or on an Axima Assurance equipped with the SARAMIS and VITEK MS

databases (bioMérieux, Marcy I'Etoile, France).

3.5.4. Statistical analysis

Statistical analysis for the évaluation of the best Campylobacter growth conditions for
further MALDI-TOF MS identification was performed using SAS/STAT software 9.2
(SAS Institute Inc., Cary, NC, USA). Other statistical analyses were performed using the
Statistical Package for Social Sciences (SPSS Inc.; Chicago, IL, USA), the Analyse-it
software (Leeds, United Kingdom) and Epiinfo 6.04c PLUS for DOS (Centres for

Disease Control and Prévention; Atlanta, GA, USA) software.

74



4. Results
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4.1. Comparison of the MICROFLEX LT and VITEK» MS Systems
for the routine identification of bacteria by Matrix-Assisted

Laser Desorption-lonisation Time-Of-Flight Mass Spectrometrv

Martiny D, Busson L, Wybo |, Ait El Haj R, Dediste A, Vandenberg O
Journal of Clinical Microbiology 2012; 54: 1313-1325
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Comparison of the Microflex LT and Vitek MS Systems for Routine
Identification of Bacteria by Matrix-Assisted Laser Desorption
lonization-Time of Flight Mass Spectrometry

Delphine Martiny,” Laurent Busson,* Ingrid Wybo,” Rachid Ait El Haj,* Anne Dediste,* and Olivier Vandenberg* *
Department of Microbiology, Saint-Pierre University Hospital & Jules Bordet Institute, Brussels, Belgium*; Department of Microbiology and Infection Control, Universitair
Ziekenhuis Brussel, Vrije Universiteit Brussel, Brussels. Belgium*’; and Infeaious Diseases Epidemiological Unit Public Health School, Université Libre de Bruxelles, Brussels,

Belgium*®

This study compared the performance of three matrix-assisted laser desorption ionization-time offlight mass spectrometry Sys-
tems; Microflex LT (Broker Daltonics, Bremen, Germany), Vitek MS RUO (Axima Assurance-Saramis database; bioMérieux,
Marcy rEtoile> France), and Vitek MS IVD (bioMérieux). A total of 1,129 isolates, including 1,003 routine isolates, 73 anaerobes,
and 53 bacterial enteropathogens, were tested on the Microflex LT and Axima Assurance devices. The spectrawere analyzed us-
ing three databases: Biotyper (Broker Daltonics), Saramis, and Vitek MS (bioMérieux). Among the routine isolates requiring
identification to the species level (n = 986), 92.7% and 93.2% were correctly identified by the Biotyper and Vitek MS databases,
respectively. The Vitek MS database is more spécifie for the identification of Streptococcus viridans. For the anaerobes, the Bio-
typer database often identified Fusobacterium isolates to only the genus level, which is oflow clinical significance, whereas 20%
ofthe Bacteroides species were not identified or were misidentified by the Vitek MS database. For the enteropathogens, the poor
discrimination between Escherichia coli and Shigella explains the high proportion of unidentified organisms. In contrast to the

Biotyper database, the Vitek MS database properly discriminated ail of the Salmonella entrica serovar Typhiisolates (n = 5).
The performance ofthe Saramis database was globally poorer. In conclusion, for routine procedures, the Microflex LT and Vi-
tek-MS Systems are equally good choices in terms ofanalytical efficiency. Other factors, including price, work flow, and lab activ-

ity, will affect the choice ofa System.

or décades, potentially pathogenic bacteria have routinely
been identified in clinical laboratories using biochemical and

phenotypic analyses, which usually require a time commitment

ranging from a few hours to several days. Manual analyses are
time-consuming, and semiautomated methods require large
amounts of biological material, which can be a major disadvan-
tage for the identification of fastidious microorganisms. Molecu-
lar methods have been demonstrated to have complementary
value, but they are not practical for routine use due to their high
cost.

The first studies regarding the identification ofbacteria by ma-
trix-assisted laser desorption ionization-time of flight mass spec-
trometry (MALDI-TOF MS) were conducted toward the end of
the 1990s (13). However, manyyears passed before the first com-
mercial applications ofthis technology became available; this de-
lay was due primarily to the lack of robust informatic tools and
efficient databases. The technology was first made available as a
research tool (20,21), and it was commercialized for use in private
and public laboratories in 2008.

An abundant collection of literature now highlights the many
benefits that resuit from the use of this technology. Using only a
small portion ofa colony and a drop of matrix solution, MALDI-
TOF MS can accurately identify bacteria within a few minutes at a
moderate cost (25,30,31). Although the technique has proven to
be valuable for the identification of common bacteria, numerous
studies have recently shown that it is a promising tool that can also
be used for species that are usually difficult to identify, such as
yeasts, anaerobes, and fastidious microorganisms (2,3,12,16,17,
22, 32). The ability of MALDI-TOF MS to directly identify bacte-

0095-1137/12/$12.00 Journal of Clinical Microbiology p. 1313-1325

ria in positive blood cultures also enhances the quality of patient
management (11, 15, 19, 33, 34).
Therefore, MALDI-TOF MS is an important new technology
and medical microbiologists are aware that this tool will revolu-
tionize their practice and will soon replace most ofthe traditional
identification methods (4, 6, 27).

In our laboratory, the Microflex LT System was first imple-
mented as a diagnostic method for our Campylohacter National
Référencé Center activity (22). Since December 2010, it has been
used as our main diagnostic method and has allowed us to rou-
tinely identify more than 90% ofthe bacterial isolates in our clin-
ical samples.

Until April 2011, only Bruker Daltonics had commercialized a
Conformité Européenne (CE)-marked MALDI-TOF MS System.
In Europe, two manufacturers are now commercializing research
use only (RUO) and in vitro diagnostic (IVD) MALDI-TOF MS
Systems.

The main aim of this study was to evaluate and compare the
performance ofthese Systems in terms oftheir analytical accuracy
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FIG 1 Distribution ofthe origins of the 1,003 routine isolates tested in this
study. RTI, respiratory tractinfections; SSI, skinand soft tissue infections; LIQ,
normaily stérile body fluids; UTI, urinary tract infections; EPID, epidemiolog-
ical samples (methicillin-resistant 5. aureus and extended-spectrum /3-lacta-
mase screening); GEN, génital tract infections; BC, blood cultures.

and practicality to déterminé which System is the best option for
use in a routine bacteriology laboratory.

MATERIALS AND METHODS

Population. The specimens tested were collected from hospitalized and
ambulatory patients at the Jules Bordet Institute and Saint-Pierre Univer-
sity Hospital in Brussels, Belgium.

Bacterial isolates. From January to March 2011, a random sélection of
bacterial isolates that were recovered from multiple dinical sources, in-
cluding wounds, urine, blood, tissue, biopsy specimens, and the respira-
tory tract, were prospectively included in this study. The distribution of
the origins ofthe isolates is summarized in Fig. 1.

The samples were cultured using a variety of medium types that are
traditionally used in our practice, including cystine lactose electrolyte-
deficient, methicillin-resistant Staphylococcus aureus. Columbia, Mac-
Conkey, mannitol, and chocolaté agars. For the two most frequently iso-
lated species, the percentage ofcorrect species identification was evaluated
for each culture medium and is presented in Fig. 2.

Ail ofthe specimens were incubated ovemight at 36 + 1@C.

In addition to this random sélection, collection strains were added to
ensure the coverage of anaerobes and enteric pathogens. The isolates of
both panels were stored frozen prior to their identification.

a. E.coli (n=338)

The anaerobe panel, previously collected in a university hospital for a
suscepiibility survey, included 75 strains covering 28 species of 13 differ-
entgénéra (8). Although the anaerobes were ofvarious origins, they were
derived primarily from blood cultures and abdominal samples. After
thawing, the isolates were subcultured twice on Schaedler 5% sheep blood
agar (BD, Franklin Lakes, NJ) and incubated for 48 h at 36 + 1“C under
anaérobie conditions with an Anoxomat WS 80 device (Mart BV, Lich-
tenvoorde, The Netherlands). Two strains (one of Campylobacter rectus
and one of Clostridium septicum) were not recovered from this panel
(dead strains).

The enteropathogen panel included 53 strains that were received in the
context of routine activities or as quality Controls. This panel covered 20
species of 10 different généra. Most of the isolates were recovered from
stool samples, with the exception ofone Aeromonas veronii strain that was
isolated from a rectal biopsy specimen. The strains were subcultured twice
onto sélective medium or Columbia agar, depending on the species.

Routine identification. FoUowing Gram staining, the first identifica-
tion method that was used was MALDI-TOF MS performed on an RUO
Microflex LT (Bruker Daltonics). Ifthe resulting identification was not
included in the validation file (see the supplémentai material) or the iden-
tification score was poor (<2), traditional methods such as biochemical
tests, API, or the Vitek System (bioMérieux) were used. In cases ofuncer-
tain identification, molecular methods were also used (see the supplémen-
tai material). Anaerobes were previously identified by gas-liquid chro-
matographie analysis of their cellular fatty-acid composition using the
microbial identification System; if needed, this procedure was comple-
mented with biochemical and enzymatic tests. Enteropathogenic species
were identified using biochemical and serological tests or commercial
methods (API System, Vitek card). Moreover, most of the strains were
submitted to national référencé laboratories (see the supplémentai mate-
rial).

MALDI-TOF MS analysis. For the purposes of this study, ail ofthe
isolates were smeared in double deposit by the same operator for both the
Microflex LT and Axima Assurance analyses. No extraction with formic
acid was performed. The spectra acquired using the Microflex LT S)*em
were analyzed with the Biotyper spectral database. The spectra acquired
with the Axima Assurance System were first analyzed with the Saramis
database (Vitek MS RUO System) and thereafter with the Vitek MS data-
base (Vitek MS IVD System).

Bruker Daltonics MALDI-TOF MS analysis. The “direct transfer”
procedure recommended by the manufacturer was used to identify strains
with the Microflex LT. A portion of a colony in the exponential growth
phase was smeared onto a 96-well target plate, and after drying, it was
covered using 1 /xl of a-cyano-4-hydroxycinnamic acid (CHCA) matrix
solution. When it was dry, the target plate was loaded into the machine,

U Biotyper
[Vitek MS

b. S. aureus (n=183)

FIG 2 Influence ofthe growth medium on the percentage of correct species identifications for the two most frequently isolated species. CAP, colistin aztreonam
blood agar plate; CLED, cystine lactose electrolyte-deficient agar; COL, Columbia agar, ESBL, chromogenic screening plate for the détection of extended-
spectrum O-lactamase-producing organisms; MAC, MacConkey agar; I'dAN, mannitol agar; MRSA, chromogenic screening plate for détection of methicUlin-

resistant 5. aureus.
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Bacterial Identification by Three MALDI-TOF MS Systems

TABLE 1 MALDI-TOF MS results for 17 strains requiring identification only to genus level

Saramis
No. of No.
correct without  No.
ID" (no. 1%)] ofisolates) genusiDs  ID misidentified
MicTococcus sp. (2 (11.8]) 2 0 0
Corptebacierium sp. (5 (29.4]) 1 4 0
Actinomycessp. (1 [5.9]) 0 1 0
Pseudomonassp. (1 (5.9]) 0 | 0
Neisseria sp. (1 [5.9]) 0 1 0
Chryseobacterium sp. {1 [5.9]) 1 0 0
Coagulase-negative Stapkylococcus 1 0 0
sp. (1 [5.9])
Beta-hemolytic group C, G 3 2 0
Streptococcus sp. (5 (29.4])
Total (17) [100.0] 8 (47.1) 9(52.9) 0 (0.0)

“ ID, identification.

which was equipped with a 337-nm nitrogen laser. The spectra were re-
corded in the Tinear mode in a mass range of2 to 20 kDa and subsequently
analyzed using MALDI Biotyper Automation Control and Biotyper 2.0
software. At the time, the database inciuded 3,740 spectra ffom 319 généra
and 1,946 species. This database exists as both an IVD and an RUO tool;
however, only the latter System was used in this study. Because the data-
base (Biotyper) is the same in both configurations, the results would have
been the same ifthey had been derived from the IVD version. Both the
anaérobie and enteropathogenic isolates were analyzed using the MALDI
Biotyper Realtime Classification and Biotyper 3.0 software. Compared
with the previous version, the Biotyper 3.0 software provides additional
information on the isolate identification via the “matching hints” func-
tion. Some identification results are accompanied by a comment inform-
ing the user ofthe limitations ofthe technique (e.g., species that are diffi-
cult to discriminate, species inciuded in the same bacterial complex or
group, species for which additional tests are needed...). The complété list
ofmatching hints is provided by the manufacturer upon request. At that
time, the database inciuded 3,995 entries. For some enteropathogens
{Vibrio, Yersinia, Salmonella), the spectra were also compared with the
security-relevant (SR) database (data not shown).

bioMérieux MALDI-TOF MS analyses. bioMérieux MALDI-TOF
MS analyses were performed according to the manufacturer’s instruc-
tions. The methodology was the same as for the Microfiex LT System.
Briefly, a portion ofa fresh colony was smeared onto a FlexiMass dispos-
able target plate and then immediately covered with 1 21 ofready-to-use
CHCA matrix solution. After drying, the target plate was loaded into the
Axima Assurance mass spectrometer (Shimadzu Corporation, Kyoto, Ja-
pan). Spectra were generated using the Launchpad v2.8 software program
and compared to the Saramis database (originally developed by Anagnos-
Tec, Golm, Germany), which contained référencé spectra for 1,288 bac-
teria, 2 algae, and 258 fungj; it also contained SuperSpectra for 878 species.
SuperSpectra are computed from typical strains covering more than 90%
ofthe intraspecific diversity in most species. Reference spectra correspond
to ail of the spectra obtained with the different isolates inciuded in Sara-
mis. Each spectrum ofatested sample is matched against the SuperSpectra
database. Peak matches that yield identification results with confidence
values exceeding 80% are considered significant and displayed. The soft-
ware also tests for homology to reference spectra using a compare mode in
the case ofa confidence value below 80%.

This Axima Assurance System with Saramis is now called Vitek MS
RUO. In a second step, spectra were exported and sent to the manufac-
turer on a USB key device for blind analysis using the Vitek MS IVD vl
database. At the time, this database inciuded more than 25,000 spectra
covering 586 species.

April2012 Volume 50 Number 4

Biotyper Vitek MS

No. of No. No. of No.

correct without  No. correct vdthout  No.
genus IDs 1D misidentified  genus IDs  ID misidentified
2 0 0 2 0 0

3 2 0 2 3 0

1 0 0 0 1 0

1 0 0 1 0 0

1 0 0 1 0 0

1 0 0 1 0 0

1 0 0 1 0 0

5 0 5 0 0
15(88.2) 2(11.8) 0(0.0) 13(76.5) 4(235) 0(0.0)

Data analysis. The identification criteria were chosen according to the
cutoffs proposed by the manufacturers. For Biotyper, identifications with
scores above 2 and between 1.7 and 2 were considered to be reliable at the
species and genus levels, respectively. Identification scores below 1.7 were
considered unacceptable.

Saramis database results were evaluated according to a colored index:
green for percentages equal to or above 90%, yellow for those between 85
and 89.9%, and white for those below 85%. Ail ofthe identifications to the
genus or species level that fell into the green zone, with a score above 90%,
were considered reliable. Scores between 80 and 90% were also considered
for acceptable identifications. A cutoff of 90% was chosen for Vitek MS.
However, in cases of “low discrimination,” two results are provided for
the same isolate, sometimes with a score above 90%. In these cases, the
identification was often considered reliable only at the genus level (ifboth
results showed the same genus identification) or was inciuded in a com-
plex because an accurate species identification was not clinically needed,
e.g., the Enterobacter cloacae complex (see the supplémentai material).
Any identification of bacteria belonging to this complex was considered
correct according to the respective cutoffvalues ofthe Systems.

Classification. According to the confidence levels ofthe three software
programs and the previously determined identification, results obtained
from the three databases were classified into the foUowing categories:
“correct identification of genus and species,” “correct identification of
genus,” “no identification,” “misidentification at the species level,” and
“misidentification at the genus level.” “Not identified” organisms in-
cluded organisms that could not be identified by the technique. The or-
ganisms that were unreliably identified (either with an imacceptable score
value or with a comment suggesting low genus discrimination, i.e., Esch-
erichia colt versus Shigella) were also classified in this category, even ifthe
identification was correct. For each isolate, the top score of the two sepa-
rate spots was taken into account. The classification ofthe results obtained
for routine isolates, anaerobes, and enteric pathogens are presented in
summary Tables 1 to 4.

Discrepandes. The first response to a discrepancy was to repeat the
analysis using both the Microfiex LT and Vitek MS Systems to eliminate
the possibility of contamination. The remaining discrepandes were re-
solved by performing additional biochemical and molecular tests (see the
supplémentai material).

Statistical methods. McNemar’s chi square or exact binomial test was
used to compare the results obtained by both methods with the same
samples. These results are presented in summary Table 5. A Fisher testwas
used to evaluate the impact ofthe medium used on the quality ofthe E. coli
and 5. aureus identifications, respectively.
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TABLE 2 MALDI-TOF MS results for 986 strains requiring identification to species level

Genus and species/serovar

Achromobaer xylosoxidans
Acinetobacter baumannii
Citrobacter Iwoffii
Citrobacterfreundii
Citrobacter koseri

Corynebacterium pseudodiphtheriticum

Deljiia acidovorans
Enterobacter aerogenes
Enterobacter cloacae
Enterobacter avium
Enterobacterfaecalis
Enterobacterfaecium
Escherichia coti

Gardnerella vaginalis
Haemophilus influenzae
Haemopkilus parainfluenzae
Haemophilus parahaemolyticus
Hafnia alvei

Klebsiella oxytoca

Klebsiella pneumoniae
Moraxella catarrhalis
Morganella morganii
Proteus mirabilis

Proteus vulgaris

Providencia stuartii
Pseudomonas aeruginosa
Pseudomonasfluoresccns
Roultella omitholytica
Roultella planticola
Salmonella Typhi

Serratia liquefadens
Serratia marcescens
Staphylococcus aureus
Staphylococcus capitis
Staphylococcus chromogenes
Staphylococcus cohnii
Staphylococcus epidermidis
Staphylococcus haemolyticus
Staphylococcus hominis
Staphylococcus lugdunensis
Staphylococcus saprophyticus
Staphylococcus schleiferi
Staphylococcus simulans
Stenotrophomonas maltophilia
Streptococcus agalactiae
Streptococcus anginosus
Streptococcus consteliatus
Streptococcus gordonii
Streptococcus pyogenes
Streptococcus pneumoniae
Streptococcus porcinus
Streptococcus viridans"

Total no. (%)

1316 jcm.asm.org

No. of
isolates

— - © N g e

38
48
16
338
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Bacterial Identification by Three MALDI-TOF MS Systems

TABLE 2 (Continued)

Biotyper VitekMS
No. with

No. No. correct No. No.
No. with No. misidentified misidentified genus and No. with misidentified misidentified
correa with no to species to genus species correct No. with to species to genus
genusID 1D level level IDs genus ID no ID level level
1 0 0 0 0 1 0 0 0
0 0 0 0 5 0 0 0 0
0 | 0 0 0 0 1 0 0
0 0 0 0 1 0 1 0 0
0 0 0 0 7 0 2 0 0
0 0 J 0 1 0 0 0 0
0 0 0 0 0 0 1 0 0
0 0 0 0 9 0 1 0 0
0 0 0 0 34 0 4 0 0
0 1 0 0 1 0 0 0 0
1 1 0 0 45 0 3 0 0
1 0 0 0 16 0 0 0 0
4 5 0 0 333 0 4 0 1
0 1 0 0 1 0 0 0 0
0 0 0 0 30 0 0 0 0
0 0 2 0 0 0 | 1 0
0 0 0 0 1 0 0 0 0
0 0 0 0 2 0 0 0 0
0 0 0 0 5 0 1 0 0
1 4 0 0 24 0 13 0 0
0 0 0 0 9 0 0 0 0
0 0 0 0 4 0 0 0 0
0 0 0 0 27 0 0 0 0
0 0 0 0 0 1 0 0 0
0 0 0 0 1 0 0 0 0
0 7 0 0 58 0 | 0 1
0 0 1 0 1 0 0 0 0
0 0 0 0 0 0 1 0 0
0 0 1 0 0 0 1 0 0
1 0 0 0 0 1 0 0 0
0 0 0 0 1 0 0 0 0
0 0 3 0 7 0 0 0 0
2 1 0 0 177 0 6 0 0
0 0 0 0 3 0 1 0 0
0 1 0 0 0 0 1 0 0
0 2 0 0 2 0 0 0 0
3 0 0 0 34 0 4 0 0
1 2 0 0 6 0 1 0 0
2 0 0 0 6 0 1 0 0
0 0 0 0 2 0 0 0 0
1 0 0 0 1 0 0 0 0
0 0 0 0 0 0 0 1 0
0 0 0 0 1 0 0 0 0
1 0 0 0 2 0 2 0 0
3 1 0 0 27 0 2 0 0
1 0 0 0 6 0 1 0 0
1 1 0 0 2 0 0 0 0
0 0 0 0 1 0 0 0 0
0 0 0 0 7 1 0 0 0
1 8 0 0 12 0 2 1 0
1 0 0 0 | 0 0 0 0
2 2 4 0 6 0 1 1 0
28(2.8) 32 (3.2) 12(1.2) 0(0.0) 919(93.2) 4(0.4) 57 (5.8) 4 (0.4) 2(0.2)

“Non-beta-hemolytic streptococd showing a résistance to optochin (no additional test was needed from a dinical perspective).
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< TABLE 3 MALDI-TOF MS results for 73 anaérobie strains"
Saramis Biotyper Vitek MS
No. with No. with No. with
correct correct correct
genus No. genus No. genus No.
and No. with misidendlifed No. and No. with misidentified  No. and No. with misidentified  No.
No. (%) species correct No. with  to species misidentified ~ species correct No. with  to species misidentified  species correct No. with  to species misidentified
Genus and species ofisolates  IDs genusID no ID level to genus level IDs genusiD  no ID level to genus level IDs genusiD no ID level to genus level
Bacteroides caccae 2(2.7) 0 0 2 0 0 2 0 0 0 0 2 0 0 0 0
Bacteroidesfragitis 14(19.2) 3 0 il 0 0 14 0 0 0 0 14 0 0 0 0
Bacteroides ovatus 4 (5.5) 0 0 4 0 0 4 0 0 0 0 3 0 0 1 o
Bacteroides 8(11.0) [ 0 8 0 0 0 [¢] 0 0 | 1 0 0
thetaiotaomicron
Bacteroides vulgaius 3(4.1) 0 0 3 0 0 3 0 0 0 0 1 0 2 0 [¢]
Bacteroides xylanisolvens 1 (1.4) 0 0 1 0 0 0 0 o ! 0 0 0 0 1 0
Bilophila wadsworthia 1(1.4) 0 0 1 0 0 0 1 0 0 0 0 0 1 o] ]
Campylobacter rectus 1(1.4) 0 0 1 0 0 0 1 0 0 0 0 0 1 0 0
Clostridium 2(2.7) 0 0 2 0 [¢] 1 1 0 0 0 0 0 1 0 1
clostridioforme
Clostridium perfringens 2 (2.7) 2 0 0 0 0 2 0 0 0 0 2 [¢] 0 [¢] ]
Clostridium ramosum 1(1.4) 1 0 0 0 0 0 0 1 0 0 1 0 0 0 ]
Eggerthella lenta 4(5.5) 0 0 4 0 0 2 0 2 0 o] 4 o] 0 o] 0
Fusobacterium 5 (6.8) 1 0 4 0 0 2 3 0 0 0 4 0 0 [¢]
necTophorum
Fusobacterium 5 (6.8) 0 0 5 0 0 0 3 2 0 0 5 0 0 [¢] ]
nucleatum
Fusobacterium varium 2(2.7) 0 0 0 0 2 0 0 0 2 0 0 ]
Parabacteroides 2(2.7) 0 2 0 0 2 0 0 0 0 0 0 o] 0
distasonis
Parvimonas micra 4 (5.5) 0 0 4 0 0 1 3 0 0 0 4 0 0 0 0
Peptoniphilus harei 1(1.4) 0 0 1 o 0 1 o 0 0 o 0 0 1 0 0
Peptoniphilus ivorii 1(1.4) 0 0 1 0 0 0 [¢] 1 0 0 0 [¢] 1 0 o]
Peptostreptococcus 1(1.4) 0 0 1 0 0 0 0 1 0 ] 0 0 1 0 0
species
Prevotella bivia 1(1.4) 0 0 1 0 0 ! 0 0 0 0 0 0 1 0 o]
Prevotella buccae 2(27) 0 0 2 0 0 2 0 0 0 0 2 0 0 0 o
Prevotella denticola 1(1.4) 0 0 1 0 0 0 0 1 0 0 1 0 0 0 0
Prevotella 2(27) 0 0 2 o] 0 0 1 1 o] o] 1 1 0 0 o]
intermedia/ttigrescens
o Propionibacterium acnés ~ 1(1.4) 0 0 1 0 0 1 0 0 1 0 0
2 Veillonellaparvula 2(2.7) 0 0 2 0 0 0 1 0 1 0 2 0 0 0
8
=3 Total no. (%) 73 (100.0) 7 (9.6) 0(0.0) 66 (90.4) 0 (0.0) 0 (0.0) 45 (61.6) 16(21.9) 10(13.7) 2(2.7) 0(0.0) 55 (75.3) 2(2.7) 13(17.8) 2(2.7) 1(1.4)
g “ Two dead strains (one C. rectus, one C. septicum).
g
=z
=}
S
=3
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TABLE 4 MALDI-TOF MS results for 53 cnteropachogcnic strains

S$«rania Biotyper Vitek MS

No. vrith No. with No. with

correct No. correct correct

genus with No. genus No. genus No.

No.{%) and correct misidentified No. and No.whh  No. mmdeotified No. and No.with  No. misidentiBed  Ko.
o jpedes geous No.with to“edes miiidentified  spedes correct with no  O) spedes misidentified  spedes correa withno tospedes misidentified
Genus and g>edea/serovar isdates UH ID nolD levd to genus level UH genus ID ID level tog«tus level IDs genusID 1D level lo genus level
Atromonas vtrmii 10.9) 0 [¢] 1 0 0 0 1 [¢] ] 0 1 [¢] o] o] 0
Arcobacter butzleri 10.9) 0 0 1 0 0 0 | 0 0 0 0 0 1 0 0
Campyiobacttr aH 3(5.7) 0 0 3 0 0 5 0 0 0 0 3 0 0 0 0
Campyhbdcterfétus 1(1.9) 1 0 0 0 0 1 0 0 0 0 | 0 0 0 0
Campyiobacterj’taii 5 (0.4) 3 0 2 0 0 5 0 0 0 0 5 0 0 0 0
Campyhbacter lari 20.8) 0 0 2 0 0 2 0 0 0 0 2 0 0 0 0
Gosfruitum dtffiau U (20.8) 6 0 5 0 0 It 0 0 0 0 1 0 0 0 0
Esdterkhia coli 0157 20.8) [¢] 0 2 0 0 2 0 0 0 0 2 0 0 0 0
(noQtoxmogenic)

Piesiomotus shtgttiotdes 1(1.9) 1 ] o] 0 o] 0 1 [¢] 0 0 | 0 0 o] 0
SalmoTtdla Durbto 2(5.8) 0 I 1 0 0 0 1 0 1 0 0 2 0 0 0
SabnoneUa Enteiitidis 1(1.9) 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
SatmoneOa Newport 10.9) 0 0 1 0 0 0 1 0 0 0 0 1 0 0 0
SalnumeVii $aiat*Paut 1(1.9) 0 1 0 0 0 0 1 0 0 0 0 1 D 0 0
SotmoneOa Typhi 5(9.4) 0 0 5 0 0 0 4 0 1 0 5 [¢] [¢] 0 ]
SalmorulUi Typhimurium 5 (9.4) 0 0 5 0 0 0 4 0 I [¢] 0 5 0 0 0
ShreUabryda iic O 0 1 0 0 0 0 1% 0 0 0 0 1- 0 0
Sh~iQaficaim 4(73) 0 0 3 0 | 0 0 4 0 0 0 0 4" 0 0
ShigfUa sennei 2(58) 0 0 0 0 2 0 0 2+ 0 0 0 0 2% 0 0
VHmocholmu 2(3.8) 0 [¢] 2 0 0 0 2 0 0 0 2 0 0 0 0
Yersinia enttrocolitica 2(3J) 0 0 2 0 0 2 0 0 0 0 2 0 0 0 0
Total no. (%) 53 (100) 11 (20.8) 2(3J1 37(70.0) 0(0.0) 5(5.7) 26(49.1) 17(321) 7(183.2) 3(5.7) 0(03)) 35(66.0) 10(18.9) «(15.1) 0(0.0) 0(0.0)

* AU SMj;eQa spedes were miudeotified u £. coU by both Vitek MS end Biotyper. However, a comment denoundng the poor discrimination between these organitnu w*s provided. These Uolatea were thua claaaiiied as unidentified
iostaid of mi&identified.
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TABLE 5 Comparison ofthe results obtained using the three Systems

Saramis Biotyper
System and application (no. ofisolates tested) ID* % Correctly identified Pvalue % Correctly identified P value
Biotyper
Routine (986)" | 83.8vs 92.7 <0.001 NA" NA
1+2 86.9vs 95.5 <0.001 NA NA
3 128vs 3.2 <0.001 NA NA
4 0.3vs 12 <0.01 NA NA
Enteric pathogens (53 [ail]) | 20.8vs 49.1 <0.001 NA NA
Anaerobes (73 (ail]) 1 9.6 vs61.6 <0.001 NA NA
Vitek MS
Routine (986)" 1 83.8vs 93.2 <0.001 92.7vs 93.2 0.608
1+2 86.9 vs 93.6 <0.001 95.5vs 93.6 <0.05
3 12.8vs5.8 <0.001 3.2vs 5.8 <0.01
4 0.3vs0.4 1 12vs 04 <0.05
S. pneumortiae {15) 1 ND" ND 40.0 vs 80.0 0.070
S. viridans (8) 1 ND ND Ovs 75 <0.05
S. pneumoniae + S. viridans (23) 1 ND+ ND 26.1vs 78.3 <0.01
AU enteric pathogens (53) 1 20.8 vs 66.0 <0.001 49.1 vs 66.0 <0.01
1+2 ND ND 81.1vs 84.9 0.625
3 ND ND 13.2vs 15.1 1
4 ND ND 57vs0 0.25
S. Typhi (5) 1 ND ND Ovs 100 0.0625
AU Salmonella spp. (15) 1 ND ND 0Ovs 33.3 0.0625
AU anaerobes(73) 1 9.6 vs 75.3 <0.001 61.6vs 75.3 0.068
1+2 ND ND 83.6vs 78.1 0.522
3 ND ND 13.7vs 17.8 0.491
4 ND ND 2.7vs27 1
Bacteroides species (32) 1 ND ND 96.9vs 78.1 <0.05
Fusobacterium species (12) 1 ND ND 16.7 VS91.7 <0.01
1+2 ND ND 58.3vs 91.7 0.125

" Al] isolates that needed to be identibed to the species level.

~ 1D, identification; 1, correct ID ofgenus and species; 2, correct ID ofgenus; 3, no ID; 4, misidcntification to species level.

~ND, not done.
" NA, no application.

Practical points. To compare the practical strengths and weaknesses
ofthe three Systems, we also considered the time required for the analysis.
The time needed to identify 96 bacterial strains was evaluated for both the
Microflex LT and Vitek MS RUO Systems. This évaluation was conducted
when the Systems were working concurrently on the same strains.

Other practical considérations, including price, the difficulty of the
method, the ease ofuse ofthe software, and the ability to use the device in
astandard laboratory, were included in our comparison and are presented
in summary Table 6. AU ofthe practical considérations related to the use
ofthe Vitek MS I1VVD System were assessed thanks to training organized in
the research and development laboratory ofthe manufacturer.

RESULTS
Among the 1,003 routine isolates included in the study, which
included 52 bacterial species of27 different généra, 986 were iden-
tified to the species level for clinical purposes. For the 17 remain-
ing organisais, identification to the genus level was sufficiently
informative for our routine practice. Most ofthe latter organisms
were considered to be contaminants (e.g., corynebacteria, micro-
cocci, and Pseudomonas spp. other than Pseudomonas aeruginosa).
The results obtained from the three databases (Biotyper, Sara-
mis, and Vitek MS) for the strains requiring identification to the
genus or species level are presented in Tables 1 and 2, respectively.
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For a comparison ofthe results obtained by the three Systems, see
Table 5.

For the bacterial strains that are routinely identified to the ge-
nus level (n = 17), 88.2%, 76.5% and 47.1% ofthe isolates were
correctly identified by the Biotyper, Vitek MS, and Saramis data-
bases, respectively. Most ofthe corynebacteria were not identified
by the Saramis and Vitek MS Systems; this was also the case for one
Actinomyces species, which was recognized by the Biotyper System.
The percentages ofstrains remaining unidentified by the Biotyper,
Vitek MS, and Saramis Systems were 11.8%, 23.5%, and 52.9%,
respectively. No invalid identifications were observed.

Among the 986 isolates that are routinely identified to the spe-
cies level, 92.7%, 93.2%, and 83.8% (cutoffat 90%) were correctly
identified to the species level by the Biotyper, Vitek MS, and Sara-
mis Systems, respectively. The rates of correct species identifica-
tion by the Biotyper and Vitek MS databases were similar (P =
0.608), whereas that of the Saramis database was significantly
poorer (P < 0.001). Only two false identifications at the genus
level were observed, and both occurred with the Vitek MS System;
one £. coliisolate was identified as Klebsiella oxyioca, and P. aerugi-
nosa from a respiratory sample was identified as Neisseria subflava.
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TABLE 6 Comparison of practical parameters related to the use ofthe three Systems

Property Microflex LT ~ Vitek MS RUO
User friendliness

Ready-to use Matrix solution No Yes

Facility of preparing smear Very easy Easy

Disposable targets Yes Yes

Reusable targets Yes No

Software Easy to use Not easy to use
Time for 96 identifications

Time to préparé work list (min) <5 5-10

Time to load taiget and make vacuum 2 5

Time for anal>"is (min) 40 55

Time for 16 identifications (min) ND ND
Quality

IVD Yes No

RUO Yes Yes

Quality management Easy Easy
Cosf

Device 1 NA»

Reactants NA

Maintenance +-- NA
Implémentation

Noise SUent Noisy

Size Smaller Bulkier
Connectivity Via LIS NA
Capacity 1 X96 4X48
“ND, not done.

NA, data not available.
~ Prices increasing with the number ofcrosses.

Both errors likely resulted from contamination with other strains
that were présent in the same sample. The rate offalse identifica-
tion to the species level was 1.2% using the Biotyper System and
lower than 1% for the other Systems (P < 0.05).

Most ofthe errors that were observed with the Biotyper System
resulted ft'om poor discrimination between species inside the Ser-
ratia and Haemophifus généra and from Broker Daltonics policy
of avoiding false négatives for Streptococcus pneumoniae. As de-
scribed by the manufacturer, S. pneumoniae strains are not mis-
identified by the Biotyper System, but some Streptococcus mitts!
oraliis species are erroneousiy identified as S. pneumoniae due to
the poor discrimination between these related species. Consider-
ing the identification of Streptococcus viridans, the Vitek MS data-
base led to better results (n = 8, P < 0.05). The identification ofS.
pneumoniae was not significantly different using both databases
(n = 15, P = 0.07) and one of these isolates was erroneously
identified as S. mitisloralis by the Vitek MS database.

At a cutoff of 90% (Vitek MS, Saramis) or a score above 1.7
(Biotyper), the percentage of unidentified organisms was 12.8%
using the Saramis System and 5.8% using the Vitek MS System.
With only 3.2% ofthe organisms unidentified, the Biotyper data-
base was significantly better (P < 0.01). An additional 65/986
isolates (6.6%) were correctly identified by the Saramis database
with scores between 80 and 90%, which left the percentage of
unidentified organisms at 6.16% when the lower cutoff (80%) was
used.

E. colt {n = 338) and S. aureus (n = 183) were the most fre-
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Vitek MS IVD Remarks

Yes

Easy For Vitek-MS Systems, matrix solution must be deposed
Yes each two spots

No

Very easy to use

ND"

15 No ID before success of QC at end of run (each 16 IDs)

Yes
No Need for validation before clinical reporting
Very easy

++

1 Based on catalog prices
+++

Noisy
Bulkier

Via Myla
4 X 48

quently isolated species. The rate of correct species identification
ranged from 94.4% (Columbia agar, Biotyper database) to 100%
and from 95.5% (Columbia agar, Vitek MS database) to 100% for
E. coliand S. aureus, respectively (Fig. 2). The Fisher test indicated
that the quality ofthe identification was not related to the choice
ofthe culture medium.

The anaerobes identified by the three databases are presented
in Table 3. The Biotyper and Vitek MS databases correctly identi-
fied 61.6% and 75.3% of the isolates, respectively, to the species
level (P = 0.068). Most ofthe Fusobacterium and Parvimonas iso-
lates were only identified to the genus level using the Biotyper
database. Considering the species identification of Fusobacterium
isolates, the Vitek MS was significantly better than the Biotyper
database (P < 0.01) but this différence disappeared when the iso-
lates correctly identified to the genus level were included (P =
0.125). In contrast, Bacteroides species were identified more accu-
rately by the Biotyper database than by the Vitek MS database
(P < 0.05). Only one genus error was observed (Vitek MS), and it
was probably due to a contaminant. Among the 73 cultured iso-
lates, more than 90% remained unidentified at the SuperSpectra
level using the Saramis database. This proportion was slighdy im-
proved by using a lower cutoff of80% (84.9% versus 90.4%). The
other two databases yielded similar proportions of unidentified
isolates (13.7% and 17.8% for the Biotyper and Vitek MS data-
bases, respectively; P = 0.491).

The enteric pathogens identified by the three databases are
described in Table 4. As expected, all ofthe Shigella strains were
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identified as E. coli. Both the Biotyper and Vitek MS databases
misidentified the Shigella isolates; however, the identification re-
sults were accompanied by a comment explaining the inability to
discriminate between these two généra. This poor discrimination
resulted in high percentages ofisolates unidentified by those da-
tabases (13.2 and 15.1% by the Biotyper and Vitek MS databases,
respectively; P = 1). Similar comments were also provided by the
Biotyper System for the identification of several Salmonella iso-
lates. For these pathogens, the Vitek MS database allowed the cor-
rect discrimination of Salmonella enterica serovar Typhi (« = 5).
This différence was not statistically significant, but additional
studies including a larger number ofisolates are needed. This dif-
férence resulted in a 5.7% false serotype identification rate by the
Biotyper database versus no false identifications by the Vitek MS
database (P = 0.25). No error was observed at the genus level with
either the Biotyper or the Vitek MS System. Again, the Saramis
database yielded poorer results; nearly 70% of the isolates were
unidentified at the SuperSpectra level (P < 0.001). This database
allowed the correct identification of only 20% of the isolates. An
additional 15% were correctly identified when the cutoffwas low-
ered to 80%.

The use ofthe Bruker complementary SR database, which in-
cludes Vibrio cholerae, S. Typhi, and Yersinia pestis, did not im-
prove the discrimination ofthe Salmonella and Vibrio species. No
confusion between 7. enterocolitica and 7. pestis was observed with
this database. Actually, using only the SR database, 7. enteroco-
litica was identified as 7. pestis but with an unreliable score value
(data not shown).

The Microflex LT, Vitek MS RUO (Saramis), and Vitek MS
rvD Systems were also compared in terms of practicality. The
main observations are summarized in Table 6.

The préparation of the deposits and the analyses were similar
for ali ofthe Systems. With the Microflex LT, the matrix solution is
not immediately ready to use; a few minutes is required to rehy-
drate the lyophilized CHCA. In cases of bad préparation, losses
may occur. However, the matrix solution is deposited on dried
bacterial smears, which allows the technologist to préparé the en-
tire batch ofisolates and then add the matrix solution at the end.
With both ofthe other Systems, the matrix solution must be ap-
plied immediately after the bacterial smear, which is more time-
consuming. Bruker Daltonics offers both single-use and reusable
targets, whereas bioMérieux offers only single-use targets.

The Vitek MS IVD System seemed to have more-user-friendly
software. With several Windows needing to be open on a single
screen, the AXIMA Launch Pad software for the Vitek MS RUO
System was probably the most difficult to use.

The Microflex LT identifies an entire target plate (96 isolates)
in approximately 45 min, whereas the Vitek MS RUO System re-
quires more than 1 h. With the Vitek MS IVVD System, which uses
the same AXIMA Assurance mass spectrometer, the results are
displayed by acquisition group (containing up to 16 samples) and
no identification is availabie before the end ofthe run (including
the quality Controls). In the case of poor quality control, the run
must be repeated with new deposits and no identification is pro-
vided.

In terms ofthe quality management parameters, both the Vitek
MS IVD and Biotyper databases are CE marked. Both manufac-
turers offer RUO versions that require validation by the laboratory
before the data can be reported to clinicians. The Vitek MS RUO
(Saramis database) is provided by bioMérieux, whereas Bruker
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Daltonics offers a research tool that includes the same database as
the IVD System (Biotyper database). This manufacturer also offers
the possibility of combining both the 1'VD and RUO versions on the
same device. The Vitek MS IVD system has a more highly developed
quality management system because it contains dedicated positions
for quality Controls and a well-defined traceability system.

Because prices and reimbursement conditions may differ be-
tween countries and laboratories, an accurate cost analysis has not
been done. However, according to the prevailing catalog prices
and the information that was obtained ffom the sales organiza-
tions in Belgium, a global évaluation was conducted. The Vitek
MS rVD System, including Myla middleware, is more expensive
than the Microflex LT system, but the reagents are cheaper. This
factor may be offset by the availability of the reusable Biotyper
targets. Both manufacturers offer several maintenance packages.
In Belgium, the Vitek MS “omnium” is more expensive than the
Bruker Daltonics “ail in” package, but it includes a backup ma-
chine in case of system breakdown.

Both the Vitek MS IVD and IVD Microflex LT Systems permit
connections to other technologies via either a laboratory informa-
tion System (Bruker Daltonics) or a proprietary middleware solu-
tion called Myla (bioMérieux). Therefore, identifications may be
transmitted to other devices for the management of susceptibility
testing.

Finally, the Vitek-MS system is bulkier and noisier than the
Microflex LT system, which can be installed on a table. However,
the Vitek-MS system aUows the analysis offour target plates of48
spots each in a single run versus one plate of 96 spots for the
Microflex LT system.

DISCUSSION
MALDI-TOF MS represents a major révolution in the practice of
bacteriology in clinical microbiology laboratories (5, 7,9,24, 30).

Currently, two companies offer such devices in Europe: Bruker
Daltonics and bioMérieux. The aim ofthe présent study was to
identify the best option for implementing MALDI-TOF MS in a
routine laboratory. To our knowledge, this is the first study to
evaluate both VD Systems under routine conditions. Additional
research tools were also evaluated in this study.

For isolates requiring identification to the species level {n =
986), the analytical sensitivities ofthe two IVD Systems were sim-
ilar (92.7% and 93.2% correct species identifications by the Bio-
typer and Vitek MS Systems, respectively [P = 0.608]). A lower
percentage of correct identifications to the species level was ob-
tained using the Saramis database (83.8% [P < 0.001]).

Similarly, Cherkaoui et al. obtained better performance using
the Biotyper database (88.8% versus 94.4% for the Saramis and
Biotyper databases, respectively, with a cutoffof 70% for Saramis)
(10). The lower performance ofthe Saramis database observed in
our study than that previously reported may be partially explained
by the presence ofnumerous unidentified isolates and the defined
identification criteria that were used. Indeed, in the présent study,
the colored index was considered to be a cutoffbut the manufac-
turer also suggests that a score of over 80%, rather than 90%, is
consistent with highly accurate identification. If this new cutoff
had been used, halfofthe unidentified organisms would have been
added to the “correctly identified to the species level” category.

A total of 30% of the isolates unidentified by the Vitek MS
System and the Biotyper database were E. coli or Klebsiella. This
resuit may be explained by the morphology of the colonies be-
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cause mucus can lead to thicker smears and generate incorrect
identification results.

Most of the discrepancies were resolved by reanalyzing the
strains, and they were found to be caused by contamination from
the concomitant growth of other organisms in the sample (see the
supplémentai material). However, even when analyses are per-
formed by the same operator, errors may occur. This suggests that
a major disadvantage of the technology results ffom one of its
primary assets: a small amount of biological material is required
for identification. This fact must be considered carefully when
susceptibility testing is performed as a second step.

In several cases, the traditional methods were responsible for
the discrepancy, which suggests that MALDI-TOF MS may soon
replace certain conventional and limited techniques (see the sup-
plémentai material). Similar conclusions have already been re-
ported by several authors who have compared the performance of
MALDI-TOF MS with that of conventional microbiological tech-
niques (4,6,27).

The other discrepancies were related to the databases and/or
known limitations ofthe MALDI-TOF MS technique.

The accuracy of the Biotyper database was found to be lower
than that of the Saramis and Vitek MS databases. A third of the
false identifications arose from Bruker Daltonics policy of avoid-
ing false négatives for S. pneumoniae. Currently, MALDI-TOF MS
cannot correctly discriminate between S. mitis/oralis and S. pneu-
moniae. The Saramis System has solved this problem by identily-
ing strains as "mitisloralis/pneumoniae” streptococci. This solu-
tion has led to fewer errors, but it is neither efficient nor
satisfactory in routine practice because an optochin test is still
needed to establish a definitive diagnosis (25). Our results suggest,
however, that the Vitek MS FVD System is more spécifie than the
other Systems for the identification of S. viridans {P < 0.05).

Another source of errors for the Biotyper database was the
discrimination of species within the genus Serratia. Species iden-
tification errors also occurred for Staphyiococcus schieiferi when
the spectrum was analyzed using the Vitek MS and Saramis data-
bases, and ail ofthe Systems produced false results when identify-
ing one or both ofthe included strains ofHaemophiius parainflu-
enzae. Lfpdates to the databases may solve the difficulties with such
species.

In contrast to the lower accuracy ofthe Biotyper database, the
Vitek MS System led to a higher rate of unidentified isolates {n =
32 and n = 57 for the Biotyper and Vitek MS databases, respec-
tively, P < 0.01).

For E. coliand S. aureus, which represent more than 50% ofthe
isolates in our routine practice (521/1003), the growth medium
used does not influence the quality of the identification by mass
spectrometry (Fig. 2). However, a broader study should be con-
ducted in order to evaluate the culture agar impact on mass spec-
trométrie identification of other bacterial species.

MALDI-TOF MS seems to be less effective for the identifica-
tion ofanaerobes than for aérobic organisms. In a recent compar-
ison ofthe Saramis and Biotyper databases, Veloo etal. found that
the Biotyper database performed better when identifying species
of the B. fragilis group, but they also noted that the analysis of
Gram-positive cocci with this technology required a time-con-
suming extraction step to obtain the same results as those ob-
tained using the Saramis database and direct deposit (32). In the
présent study, the results obtained with the Saramis database were
unsatisfactory. This major différence probably resulted ffom the
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different correct-identification cutoffs adopted in the two studies.
However, the Biotyper database performed similarly in the iden-
tification of anaérobie organisms in both studies. Comparing the
Biotyper and Vitek MS Systems, the Biotyper database allowed
better identification of Bacteroides species (P < 0.05). The Vitek
MS database showed better results for Fusobacterium species (P <
0.01); however, this différence should not impact clinical manage-
ment. Indeed, the Gram coloration ofthese species is often suffi-
ciently informative for their identification. Moreover, the identi-
fication ofthese organisms to the genus level was not statistically
significantly different using both databases (P = 0.125).

Although mass spectrometry is not compétitive as a routine
identification technique for anaerobes, it could be helpfiil in con-
junction with conventional tests. In several cases, an extraction
procedure would also improve the quality of the identification
(18). Future expansion of the databases will likely improve the
performance ofthis technique for anaerobe identification.

MALDI-TOF MS technology is a powerful tool that can be
used in routine laboratories for the diagnosis ofenteric diseases. It
is particularly useful for the rapid discrimination of normal flora
ffom potential pathogens that are isolated ffom stool samples. For
pathogen identification itself, the limitations of MALDI-TOF MS
must be considered. Initialiy, the identification ofShigella or E. coli
will still require additional tests according to the nature of the
sample. Second, biochemical and serological tests will still be re-
quired to accurately identify Salmonella species. Additional stud-
ies should be conducted in order to evaluate the ability ofthe Vitek
MS database to differentiate S. Typhi ffom other Salmonella séro-
types; this is indeed of major interest ffom both the clinical man-
agement and public health perspectives. Even when the SR data-
base is used in parallel, the Biotyper database cannot discriminate
these serotypes. Compared to the Biotyper database, the Vitek MS
System showed better identification of enteric pathogens to the
species level (P < 0.01). However, the différence between the two
databases did not remain when the rate of correct genus identifi-
cation was taken into account (P = 0.625) and this panel included
nonconsecutive clinical isolates. This explains the high number of
S. Typhi and V. choleracy species that are usually less ffequently
encountered in our routine practice.

These results suggest that the major factors that influence the
quality of MALDI-TOF MS identifications are the purity of the
strain, the amount ofbiological material smeared onto the target
plate, and the expérience of the technologist. Indeed, no major
différences were observed in the analytical performance of the
Biotyper and Vitek MS databases for the identification of most
routine isolates. The distinction ofBacteroides species by the Bio-
typer database and that of S. viridans, Fusobacterium, and enteric
pathogen species by the Vitek MS System are actually the only
différences that were observed between the FVD databases. Clini-
cally, the distinction of Bacteroides species is probably the only
significant différence between the Systems. Indeed, the identifica-
tion of Fusobacterium to the genus level is usually informative
enough and an additional optochin test must still be performed in
order to discriminate S. pneumoniae and S. viridans. However, the
potential ofthe Vitek MS database to differentiate S. Typhi ffom
other Salmonella species requires further investigation.

Applied to the routine data set {n = 986), the matching hints
included in the Biotyper 3.0 software would have led to a modified
resuit classification. According to our routine algorithm (and con-
sidering the low incidence of Shigella in samples other than stool
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samples), the matching hint related to the E. cofii'Shigella discrim-
ination is not taken into account when enteropathogenic bacteria
are not suspected. The reclassification ofS. viridans isolates would
have affected our conclusion in terms ofthe accuracy ofthe Sys-
tems (no longer any difféfrence among the three databases),
whereas other modifications (e.g., Citrobacter and Adnetobacter
isolate classification) would not have had a significant impact in
the présent study.

The Saramis database was weaker than the others, particularly
for anaerobes and enteric pathogens. The use ofa lower cutoffand
an updated database would improve this performance in the fu-
ture.

The main limitation ofthis study was the absence ofyeasts and
mycobacterial isolates. The ability of MALDI-TOF MS to identily
yeasts and fungi has been demonstrated many times (1,14,23,26,
29). In a large comparison, Bader et al. found no significant dif-
férence between the Saramis and Biotyper databases when identi-
fying yeasts (2). Additional studies are still needed to détermine
the efficacy of MALDI-TOF MS for the identification ofmycobac-
teria, but a recent publication by Saleeb et al. has shown encour-
aging results (28). To our knowledge, no study has evaluated the
performance ofthe Vitek MS System with these organisms or with
routine isolates.

Because labor shortages and financial constraints have forced
clinical microbiology laboratories to use their available resources
more efficiently, we also analyzed the practical performance ofthe
three Systems.

The first question that must be answered regarding the acqui-
sition ofa MALDI-TOF spectrometer is whether it is intended for
research or only for routine laboratory use. In the former case, an
RUO System will be necessary, and the Microflex LT would be the
preferred option because of its improved analytical performance
and user-friendly software. Moreover, this System may be coupled
with the IVD version for routine use. The ability to combine the
IVD and RUO Systems is certainly a major advantage for labora-
tories that want to develop their own database and also use their
spectrometer as a research tool. Choosing an RUO-only System
requires the création ofa larger, more robust validation file.

Because oftheir similar analytical performance, the choice be-
tween the IVD Microflex LT and Vitek MS IVD Systems for rou-
tine use only dépends primarily on practical issues such as price
and intégration into the lab.

As previously described, no major différences in the sample
préparation requirements were observed and both ofthe Systems
have strengths and weaknesses.

Because of its strict quality control, the Vitek MS IVD System
will likely simplify laboratory quality management, which may
constitute a major advantage of this System. However, this strict
control will certainly delay the acquisition ofidentifications, and it
may increase the final cost ofthe analysis by unnecessarily requir-
ing a repeated sériés or, indirectly, through the ioss of unused
positions on the target.

The installation ofa MALDI-TOF MS platform in alaboratory
requires work flow management to avoid waiting for the identifi-
cation Work station. From this perspective, the larger load capacity
ofthe Vitek MS VD s>"tem would be an advantage. Finally, both
Systems can be easily implemented in a routine laboratory and the
customer service that is provided by both manufacturers is satis-
factory.

Conclusion. The design and maintenance of robust and effi-
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cient MALDI-TOF MS Systems are new challenges for manufac-
turers. Databases must be dynamic, software must be easy to use,
and the entire System must meet quality standards. I1fthe System is
to be used for nonroutine research purposes, the combined IVD/
RUO Microflex LT is certainly the idéal System. For routine pur-
poses, however, the Microflex LT and Vitek MS IVD Systems both
offer good analytical performance. Both the spécifie sales condi-
tions and the work flow of each lab will be décisive factors in the
choice between the Bruker Daltonics and bioMérieux products.
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Accuracy of the APl Campy System, the Vitek 2 Neisseria-Haemophilus
card and matrix-assisted laser desorption ionization time-of-flight mass
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Abstract

Biochemical identification of Campylobacter and related organisms is not aiways spécifie, and may lead to diagnostic errors. The API
Campy, the Vitek 2 System and matrix-assisted desorption ionization time-of-flight mass spectrometry (MALDI-TOF MS) are commer-
cially available methods that are routinely used for the identification of these microorganisms. In the présent study, we used 224 ciinical
isolates and ten reference strains previousiy identified by multiple PCR assays, whole cell protein profiling and either DNA-DNA hybrid-
ization or sequencing analysis to compare the reliability of these three methods for the identification of Campylobacter and related patho-
gens. The API Campy accurately Identified 94.4% of Campylobacter jejuni ssp. jejuni and 73.8% of Campylobacter coli, but feiled to correctiy
identHy 52.3% of other Epsilobaaeria. The Vitek 2 Neisseria-Haemophilus card correctiy identified most C jejuni ssp. jejuni (89.6%) and
C coli (87.7%) strains, which account for the majority of campylobacterioses reported in humans, but it féiied in the identification of ail
of the other species. Despite a good identification rate for both C jejuni ssp. jejuni and C. coli, both methods showed poor sensitivity in
the identification of related organisms, and additional tests were frequently needed. In contrast to APl Campy and Vitek, MALDI-
TOF MS correctiy Identified 100% of C coli and C jejuni strains tested. With an overall sensitivity of 98.3% and a short response time,
this technology appears to be a reliable and promising method for the routine identification of Campylobacter and other Epsilobacteria.
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Moreover, 0.1% of Campylobacter infections, especially C jejuni
Corresponding author: D. Martiny, National Reference Centre for

. X X N infections, are associated with the development of Guillain-
Enteric Campylobacter, Department of Microbiology, Saint-Pierre

University Hospital, rue Haute 322, 1000 Brussels, Belgium Barré syndrome [I].
E-maii: delphine_martiny@stpierre-bru.be With recent advances in diagnostic mediods, the impor-
*These authors contributed equally to this work. tance of at least 50 other species as possible causes of
gastroenteritis is now recognized [2]. In a previous study, we
showed a prevalence of non-jejunilcoli Campylobacter of 0.53%
in 67 599 stool specimens from 40 995 patients presenting
with abdominal complaints [3]. Non-je/uni/co// Campylobacter

Introduction
strains aiso seem to be common in developing nations; in

South Africa. Lastovica étal. [4] found them in 12.0%

Baaerial species within the class Epsilobacteria, especially
Campylobaaer jejuni and Campylobaaer coli, are the most
frequently reported bacterial causes of foodborne illness
worldwide. Recent reports suggest that Compy/obocter infec-
tions may be followed by bacteraemia or septicaemia at an

estimated rate of 1.5 cases per 1000 intestinal infections.

of 19 535 stool samples from children with diarrhoea. To
date, at least seven species, Campylobacter upsaliensis, C. jejuni
ssp. doylei, Campylobacter fétus ssp. fétus, Campylobacter cond-
sus, Arcobacter butzieri, Hélicobacter fennelliae and Hélicobacter
cinaedi, have been identified as emerging human gastrointesti-

nal pathogens [3,5-7].

©2010 The Authors
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In most laboratories, che conventional identification scheme
for Campylobacter and related microorganisms usually consists
of a few discriminatory tests, induding growth température,
oxidase and catalase activities, cephalothin and nalidixic acid
susceptibility and hippurate hydrolysis. However, such simple
schemes may lead to identification errors [8], and, in many
laboratories. the identification of Campylobacter species is only
performed up to the genus level. However. correct identifica-
tion is mandatory to provide information about the prevalence
and antimicrobial susceptibility patterns of the different
species, as weli as to study spécifie risk Retors.

Alternative identification methods, such as a wide range of
PCR assays using either species-specific or multiplex reactions
and microarray-based identification tests, have been devel-
oped [9], However. most clinical laboratories do not use
these methods, but instead use manual or automatic commer-
cial identification Systems for Campylobacter identification. For
about three décades, APl Campy (BioMérieux, Marcy TEtoile,
France), a miniaturized identification System that includes 11
enzymatic and conventional tests and nine assimilation and
inhibition tests, has often been used for the routine identifica-
tion of Campylobacter [10,11]. More recently, BioMérieux has
commercialized a Neisseria-Haemophilus (NH) identification
card, which allows the identification of C jejuni, C coli and
C fétus with the Vitek 2 System [12,13]. In 2005, Mandrell
et al. described matrix-assisted laser desorption ionization
time-of-flight mass spectrometry (MALDI-TOF MS) as a
promising identification method for Campylobacter species
relevant to public heaith and food safety. This System could
therefore be used for the routine identification of Campylo-
bacter and emerging Epsilobacteria [14-16].

However, to our knowledge, neither the NH card nor
MALDI-TOF MS has ever been extensively tested against
molecular methods for the routine identification of Campylo-
bacter and other Epsilobacteria.

From a routine laboratory perspective, we have evaluated
the ability of these three commercial methods to identify a
random sélection of strains obtained during an 8-year sur-
veillance survey. These strains were previousiy identified in
the course of a comparative study of several PCR-based

assays and/or sequencing analysis [9].

Materials and Methods

BacteriaJ cultures

The clinical isolates were obtained during an 8-year surveil-
lance study. During that period, stooi samples submined to
two Belgian hospital laboratories were routinely examined

macroscopically and microscopically, and cultured for common

®2010 The Authors

bacterial pathogens. A total of 1906 Compy/obocter-like organ-
isms were isolated, and biochemical identification classified
147! isolates as C jejuni ssp. jejuni and 218 isolates as C. coli [9].

From these isolates, 224 strains that cover a wide range of
gastrointestinal pathogens (123 C jejuni ssp. jejuni, 62 C coli,
eight C upsofiens/s, six Campylobacter curvus, five C fétus, five
Campylobacter lari, five C jejuni ssp. doylei, three A. butzieri,
three Campylobacter hyointestinalis, two Arcobacter cryaerophilus,
one Campylobacter peloridis and one Hélicobacter pullorum) were
selected. The collection was further supplemented with ten
reference strains (three C. coli, three A butzieri, two C jejuni
and two C fétus). Strain details are provided in Table SlI.

Most of the clinical isolates (185/224) were previously
included in an évaluation of several PCR-based identification
methods using whote cell protein profiing and DNA-DNA
hybridization experiments as reference identification meth-
ods [3,9]. The identification results of the latter polyphasic
study were therefore used as the reference identification for
the présent study. The other strains were identified by clas-
sical biochemical testing and molecular methods; for a few of
them, partial 16S rDNA sequencing was performed in order
to confirm the identification (for details, see the Supporting
Information).

Before identification by the three commercial methods
was performed, frozen isolates (—70°C) were subcultured
twice onto Mueller-Hinton agar containing 5% sheep blood
(Oxoid, Erembodegem, Belgium) for 24-72 h at 37°C in a

micro-aerobic atmosphere.

Methods

API Campy. API Campy identification was performed accord-
ing to the manufacturer’'s instructions. The results were
interpreted with the computerized automatic APl Campy

analytical profile index software.

NH card. NH card identification of the strains was per-
formed according to the manufecturer’s instructions, as pre-
viously described [12]. The results were interpreted on the

basis of the software provided.

MALDI-TOF MS. The procedure used to identify the strains
by MALDI-TOF MS was adapted from the ‘ethanol/formic
acid extraction’ and ‘direct transfer’ procedures validated by
the manufacturer (Bruker, Bremen, Germany). In order to
prevent dégradation of the proteins and to store samples for
further investigations, éthanol pellets were prepared from
fresh colonies in exponentiel growth phase. After centrifuga-
tion and discarding of the éthanol supernatant, inactivated
biological material from the pellet was directiy smeared onto

a MALDI Steel target plate. The following steps of the analy-
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sis were performed on the Microflex LT (Bruker), according
to the manu”cturer’s instructions. The results obtained
were interpreted with the software provided; spectra were
compared with the MALDI Biot/per database (Bruker).
Among the 3287 entries (1820 species) included in the data-
base at that time, 35 were entries for ten of the 11 species

analysed in the présent study.

AdditionaJ testing

In cases of doubtfui identification, additional tests are
proposed by the manufacturers of the API Campy and Vitek
Systems. Most were performed in our laboratory (for details,
see Supporting Information). The MALDI-TOF MS final
report did not suggest any additional testing in order to
discriminate related species; definitive identifications were

provided immediately.

Commercial identification methods for Campylobacter 1003

Comparison

According to the confidence levels provided by the diree
software programs and the previousiy determined identifica-
tion, the results obtained from the three methods were
divided, after initial reading and complementary testing, into
the following categories; ‘correct Identification of genus and

species’, ‘misidentification’ and ‘no identification’.

Results

Table | shows the results obtained by the three methods.
APl Campy allowed correct identification of 92.8% and
94.4% of C jejuni ssp. jejuni strains at the initial reading and
after complementary testing. respectively (n = 125). This

mediod showed lower sensitivity for the identification of

TABLE |. Classification of the results obtained from the three evaluated methods

After initié reading

Correct
to genus and No
species level, Misidentificacion, identification,
no. (%) no. (%) no. (%)
API Campy
Cj/ni ssp. joni 116/125 (92.8) - 71125 (5.6)
Ccos 36/65 (55.4) 3/65 (4.6) 4065 (6.2)
C. upsoNenss 3/8 (37.5) - -
C "us 2/7 (28.6) - 5/7 (71.4)
C Cuvus* - 2/6 (33.3) 3/6 (50)
C lari 2/5 (40) - -
A. butzler - - -
C j™ni ssp. doyla 5/5 (100) - -
C hytMntesbnafe 1/3 (33.3) - 2/3 (66.7)
A cryoerophilus 2/2(100) - -
C pelondis* - - -
H. pulhrum* - - -
Total 167/234 (71.4) 5/234 (11) 21/234 (9.0)
NH card
C ieflin ssD. iewru 101/125 (80.8) 13/125 (10.4) -
C cofi 47165 (723) 5/65 (7.7) 2/65 (3.1)
C upsaHensa* - 4/8 (50) 18 (12J3)
C fitus - 417 (57.1) i/7 (14.3)
C curvus® - - -
C ton* - - 1/5 (20)
A buahr® - 5/6 (83.3) 1/6 (16.7)
Cj~ni ssp. doyter - 415 (»}) 1/5 (20)
C hyomtesPnolis* - 2/3 (66.7) -
A cryoeroph®us* - - -
C pefondis* - 1/1 (100) -
H. pullorum* - 171 (100) -
Total 148/234 (63.2) 39/234 (16.7) 7/234 (3.0)
MALDI-TOF MS
C ieiurW sso. Ké/ni 125/125 (100) - -
C cofi 65/65 (100) - -
C jejuni ssp. doyfet 5/5 (100) - -
C upsofiensB 8/8 (100) - -
C fétus 7/7 (100) - -
C arvus 5/6 (83.3) - 1/6 (16.7)
C hti 5/5 000) - -
A buakri 6/6 (100) - -
C /lyointestino/B 3/3(100) - -
A cryaerophihjs - - 2/2 (100)
C pehridis* - - 171 (100)
H. pullorum 171 (100) -
Total 230/234 (98.3) 41234 (1.7)

MALOI'TOF MS. macrix-wsined desorpcion ionization time-of-flight mass spectrometry.

*Noi included in che database.

After additional testing

Correct to
Additional genus and Total No
test required, species levei, misidentification identification
no. (X) no. (X) (%) X)
2/125(1.6) 118/125 (94.4) = 71125 (5.6)
22/65 (33.8) 48/65 (73.8) 3/65 (4.6) 14/65 (21.5)
5/8 (6X5) 8/8 (100) - -
- 217 (28.6) - 5/7 (71.4)
16 (16.7) - 3/6 (50) 3/6 (50)
3/5 (60) 3/5 (60) - 2/5 (40)
6/6 (100) - 6/6 (100) -
- 5/5 (100) - -
- 1/3 (33.3) - 2/3 (66.7)
- 2/2 (100) - -
11 (100) - 11 (100) -
I/1 (100) - - 1/1 (100)

41/234 (17.5) 187/234 (79.9) 131234 (5.6) 34/234 (14.5)

11/125(8.8) 112/125 (89.6) 13/125 (10.4) -

11/65 (16.9) 57/65 (87.7) 5/65 (7.7) 3/65 (4.6)
3/8 (37.5) - 7/18 (87.5) 1B (1X5)
2/7 (28.6) - 6/7 (85.7) 1/7(14.3)
6/6 (100) - - 6/6(100)
4/5 (80) - - 5/5 000)
- - 5/6 (83.3) 16 06-7)
- - 4/5 (80) 15 (20)
113 (33.3) - 3/3 (100) -
2/2(100) - 2/2 (100) -
- - 171 (100) -

171 (100) -

40/234 (17.1) 160/234 (72.2) 47/234 (20.1) 18/234 (7.7)

€>2010 The Authors
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C coli: 55.4% of strains afcer the initial reading and 73.8% of
strains afcer additional testing (n = 65).

The Identification of other Epsilobacteria by API Campy
was much more variable. A sensitivity of 100% was found for
the identification of A. cryaerophilus (n = 2) and C jejuni ssp.
doylei (n = 5). Although additional Investigations were needed
for correct identification, thls method aiso had a sensitivity
of 100% for the identification of C upsaliensis (n = 8). Sixty
per cent of C lari (n = 5) strains were correctly identifled,
but the other 40% remained unidentified, even after comple-
mentary testing. About one-third of the C fétus strains
(n =7) and C hyo/ntestino/is strains (n = 3) were correctly
identifled, and no additional testing was suggested to identify
the remaining strains.

APl Campy was unable to correctly identify the H. pullo-
rum strain tested (no identification, n = 1). API Campy mis-
identified ail tested strains of A. butzleri (n =6) and
C peloridis (n = 1). Half of the C.curvus (n = 6) strains
were misidentified, whereas the other half remained uniden-
tified. The total misidentification rate for this method was
5.6%.

Identification of the C. coli strains with the NH card
rose from 72.3% upon initial reading to 87.7% after further
testing. Correct identification of C jejuni ssp. jejuni was
80.8% at the initial reading and 89.6% afcer additional test-
ing. Most of the C jejuni ssp. doyiei (80%, n = 5), A butzleri
(83.3%, n = 6). C fétus (85.7%, n = 7). C upsaliensis (87.5%,
n = 8), C hyointestino//s (100%, n = 3) and A cryaerophilus
(100%, n = 2) strains, as well as the single C peloridis and
H. pullorum strains included in the study, were misidenti-
fied. The NH card providedno identification for 100% of
Ccurvus (n= 6) and C lari(n = 5) strains. Overall, the
total misidentification rate of the NH card was 20.1%.
Both methods needed a long incubation time to provide
identification.

MALDI-TOF MS correctly Identifled 98.3% of the Epsilo-
bacteria strains tested. Only four of 234 isolates were not
idencified, including 16.7% of C curvus (n = 6) and 100% of
A. cryaerophilus (n = 2) and C peloridis (n = 1) strains. How-
ever, the last species is notyet included in the database.
A complété target plate (96 targets) was analysed In a few

minutes.

Discussion

The data presented here demonstrate that three commercial
methods were able to correctly identify most C jejuni ssp.
jejuni and C coli strains, which account for most diagnosed

human Epsilobacteria infections.

@2010 The Authors

API Campy had significantly becter sensitivity than the NH
card in uie initial identification of C jejuni ssp. jejuni isolates.
However, after additional testing, the différence was not
statistically significant (94.4% vs. 89.6%). Moreover, with API
Campy, <2% of the Cjejuni ssp. jejuni strains needed
additional testing, <6% remained unidentified and none were
misidentified (vs. 10.4% with the NH card).

In contrast, the NH card was better at identifying C coli
than APl Campy. The latter was unable to identify more than
25% of the C coli strains, even after additional testing. How-
ever, the misidentification rate for C coli with the NH card
was about 8%, and 4.6% of the strains remained unidentified
by this method.

A lower identification rate of C coli by APl Campy was
previousiy reported by Huysmans étal. [10], who compared
this method with the conventional tests and concluded that
the System offered no advantages.

Regarding the performance of the NH card, these results
are in disagreement with those obtained by others [12,13],
who showed an overall better identification rate for C jejuni
(94%, n = 18 [12]; 100% after additional tests, n = 27 [13]).
For the identification of C coli, different authors have
obtained contradictory results, but the number of tested
strains was too small for a significant comparison to be made
75%, n = 4 [12]; 100%, n = 9 [13]).

The performance of MALDI-TOF MS is significantly becter,
with an excellent sensitivity of 100%. Moreover, no addi-
tional testing was required to correctly Identify C jejuni ssp.
jejuni and C coli with this technology, the préparation of sam-
ples was at least as easy as for the other methods, and the
results were obtained much more quickly (I h instead of
24-48 h for the other methods).

The results obtained for the identification of the other
species (n = 44), which represent more than 11% of ail
Epsilobacteria isolated from stool specimens [3] and may also
be recovered from biood samples. show more variations
between the three methods.

APl Campy allowed the correct identification of ail
A. cryaerophilus, C jejuni ssp. doylei and C upsaliensis strains.
However, to obtain these results, either a prolonged incuba-
tion time is needed, or additional tests must be performed,
both extending the time needed for identification. C curvus,
H. pullorum, C peloridis and A. butzleri were not correctly
identifled by this method, which is expected, as these species
are not included in the database. Unexpected poor sensitivity
levels were found for the identification of C lari, C fétus and
C hyointestrno//s, even though these species are included in
the manufecturer’s identification table. Finally, 22.7% of the
non-jejuni/coli Compylobacter strains were misidentified, and

29.5% remained unidentified.
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The NH card feiled to identify any other Campylobacter
species, even though C fétus is included in its database. As
expected, related généra such as Hélicobacter and Arcobacter
could not be identified b/ this method. Finall/, 65.9% of
these 44 strains were misidentified by the Vitek technology,
and this represents an important rate of diagnostic error.

The poor performances of APl Campy and the NH card
can be explained by the low number of discriminatory tests
included in the devices. Indeed, 15 phenotypic characteristics
have to be taken into account to discriminate Campylobacter
and Arcobaaer species [2]. Among the ten biochemical tests,
in API réduction,

only four are Included Campy (nitrate

hippurate hydrolysis, and urease and H2S production;
catalase production is included in the method. but must be
performed separately). Sensitivity to nalldixic acid is aiso
tested by APl Campy, but cephalotin résistance has to be
evaluated by an additional test. Among the three grov/th
tests, only one, growdi at 25°C, is suggested by the API
System as part of the additional testing. The NH card
includes only one of the ten biochemical tests (urease). Only
a few usefui additional tests are suggested by the system’s
manufacturer to discriminate Campylobacter and Arcobocter
species. Including catalase production, hippurate hydrolysis
and growth at 25°C.

In the case of suspicion of Campylobacter, we propose the
following ruies to interpret identification resutts obtained by
these methods. The identification results categorized as
‘excellent identification to species level' or ‘very good identi-
fication to species level' according to the instructions of the
manufacturer, without or afcer additional tests, should be
considered reliable. Other results are not reliable, and, in
these cases, molecular tests or MALDI-TOF MS should be
performed when accurate identification is of concern.
Following this algorithm, the overall misidentification rate in
the présent study wouid have decreased from 5.6% to 0%
and from 20.1% to 2.5% for APl Campy and the NH card,
respectively.

MALDI-TOF MS was shown to be superior to the other
two methods, rapidiy allowing the correct identification of
90.9% of the non-jejuni/co/i £ps//oboctena strains. Moreover,
this method did not lead to any misidentifications. Our
observations concerning MALDI-TOF MS are in accordance
with previousiy reported data [15,16] from studies per-
formed on a limited number of reference strains, which also
highiight the rellability of this technology.

In conclusion, the identification results for Campylobacter
and related organisms obtained with APl Campy and the NH
card, which are widely used in clinical laboratories, must be

interpreted with caution. Although both methods give satis-

Commercial identification methods for Campylobacter 1005

fectory results for the identification of C coli and C jejuni ssp.
jejuni, the overall misidentification rate for related species
remains important

Among the three evaluated commercial Systems, MALDI-
TOF MS appears to be the method of choice for the identifi-
cation of Campylobacter and related microorganisms.
identify a

Epsilobacteria species with excellent sensitivity (98.3%) and

In addition to its ability to large range of
specificity (100%), this reliable technology is aiso faster than
ail of the other avaiiable methods. Moreover, the analysis is
easy to perform and requires few biological and technical
materials.

The inability to provide information on bacterial résistance
is probably the main weakness of MALDI-TOF MS, followed
by the absence of a computerized expert System. Indeed. the
suggestion of additional tests to discriminate species is help-
ful for the microbiologist in routine practice.

In the future, an expansion of the database to include
larger numbers of infrequently encountered Campylobacter
species and other Epsilobacteria species, and additional stud-
ies on the direct use of the sample, will further improve the

usefulness of this technology for microbiologists [7].
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Abstract The identification ofbacteria directly fix>m positive
blood cultures using matrix-assisted laser desorption-
ionisation time-of-flight mass spectrometry (MALDI-TOF
MS) is a new challenge to microbiologists. However, the
protocols previousiy described are often diflficult to implement
in routine and comparisons are not always possible due to the
variability of interprétative criteria. This study evaluated the
analytical and practical performances of an in-house (IH)
method, adapted from previous protocols, and the Sepsi-
typer™M jQt (Bruker Daltonics, Bremen, Germany). Positive
blood cultures from 63 different patients were prospectively
evaluated by both methods. To enhance the sensitivity ofthese
methods, lowered cut-offs were assessed and validated on 66
additional samples. The IH method produced 86.4% and
73.7% correct genus and species identifications, respectively,
when using the lowered cut-offs of 1.4 and 1.6 for correct
genus and species identifications. The Sepsityper™ kit
showed similar results (78.0% and 68.4% correct genus and
species identification, respectively). However, the IH method
is ten-fold less expensive than the commercial option (0.72 vs.
7.45 €7analysis) and its tumaround time is approximately 20
min versus the neariy 40 min required for the Sepsityper™ Kit,
which includes an extraction step. Finally, the IH method was
introduced twice-daily in our routine practice.
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Introduction

Matrix-assisted laser desorption-ionisation time-of-flight
mass spectrometry (MALDI-TOF MS) has recently revolu-
tionised the world of bacterial identification [1, 2]. Two
manufacturers, bioMérieux (Marcy I’Etoile, France) and
Bruker Daltonics (Bremen, Germany), are marketing effi-
cient in vitro diagnostic-marked (FVD) Systems, Vitek MS
and Microflex LT, respectively, that allow the identification
of bacteria and yeasts in a few minutes instead of the hours
required by traditional methods.

The next challenge is the identification of micro-oiganisms
directly fix)m positive samples. Several procedures have been
described for the identification of micro-organisms contained
in urine samples, enrichment broths or positive blood cultures
[3-5].

When treating patients with septic shock, a delay in
implementing the appropriate antimicrobial treatment will
consideiably reduce the average survival of the patient [6],
For many years, the conventional identification techniques
used in routine laboratories required at least 48 h. The fast
récognition ofbacteria directly fi'om positive blood cultures
is an ambitions MALDI-TOF MS application. More than 25
years ago, Vitek, APl and other commercial Systems were
evaluated to détermine their ability to perform rapid identi-
fication and susceptibility testing on bacterial pellets from
positive blood cultures [7]. More recently, molecular methods
were also developed but these techniques are too expensive to
be implemented in routine [8].

The commercialisation ofthe MALDI-TOF MS technol-
ogy, allowing the identification ofbacteria in a few minutes,
was the beginning of a new era. In an attempt to provide
identification within a few minutes of determining the pos-
itivity of a blood culture, numerous protocols based on
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stepwise centrifugations or lysis solutions were proposée!
[5, 9-16],

However, these protocols showed variable results and
were usually too time-consuming to be implemented rou-
tinely in laboratories. A commercial kit, the Sepsityper™
(Broker Daltonics, Bremen, Germany), was recently devel-
oped to standardise the préparation of blood culture prior to
the spectrométrie analysis [17]. The aim ofthis study was to
develop an “in-house” (IH) processing method and to com-
pare it with the commercial kit in terms of analytical perfor-
mance, practicality and costs, in order to déterminé which
System would be préférable for implémentation in a routine
laboratory.

Materials and methods

Blood cultures

During a first period of five weeks, positive blood culture
broths (BACTEC Plus Aérobic and BACTEC F Lytic An-
aérobie, Becton Dickinson, Franklin Lakes, NJ, USA) from
patients with suspected sepsis were analysed by both the IH
method and the Sepsityper™ kit. For each patient, only the
first positive blood culture broth was included in the study
(i.e. only one broth was included for each épisode). The
analyses were performed fiom 8 am to 5 pm, according to
the laboratory organisation. The broths that became positive
out ofthis period were analysed the next moming. For these
blood culture broths, the “post-positivity” incubation time
was, thus, longer than for the others.

The identification results were compared with those of
our conventional methods, including MALDI-TOF MS
identification of colonies, biochemical tests, API and Vitek
card Systems, or transfer to a reference laboratory.

Identification results fiom these techniques were considered
as references.

The time required to provide a definitive identification by
classical methods was also evaluated and is presented in a
summary table (Table 1). The identification results obtained
by both ofthe tested methods are presented in several tables
(Tables 2, 3, 4 and 5).

During a second period of five weeks, positive blood
culture broths (BACTEC Plus Aérobic and BACTEC F
Lytic Anaérobie, Becton Dickinson, Franklin Lakes, NJ,
USA) from patients with suspected sepsis were ana-
lysed by the IH method. The collected data constituted
a validation set for the use of lowered cut-off values
(Table 4).

In parallel, six inoculated but négative blood cultures
(one paediatric, two anaérobie and three aérobic bottles),
from six patients, were randomly chosen and tested by the
IH method in order to détermine the blank limit (see Fig. 1).
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Table 1 Routine identifications and delays between determining the
positivity of the blood culture and the final identification using tradi-
tional methods

Time of identification

Final identification n 24 24-48 >48
h 1D h 1D h ID

Clostridium septicum 1 1

Enterobacter aerogenes 1 1

Enterobacter cioacae 1 1

Enterococcusfaecalis 2 2

Escherichia coli 10 10

Finegoldia magna 2 2

Fusobacterium nucleatum 1 1

Klebsiella pneumoniae 2 2

Micrococcus sp. 2 2

Morganella morgant 1 1

Prevotella buccae 1 1

Pseudomonas aeruginosa 1 1

Rhizobium radiobacter 1 1

Salmonella typhi 2 2

Serratia marcescens | 1

Staphylococcus aureus 4 4

Staphylococcus capitis 2 2

Staphylococcus epidermidis U 10 1

Staphylococcus haemolyticus | 1

Staphylococcus hominis 3 2 1

Streptococcus mitis/oralis 2 2

Streptococcus pyogenes 1 1

Streptococcus anginosus 2 1 1

Streptococcus gordonii 1 1

Streptococcus pneumoniae 2 2

Streptococcus thermophilus 1 1

Total 59 46 8 5

Total (%) 100 78.0 13.6 8.5

ID: identification

IH method

The IH method was adapted from various previously de-
scribed methods [10, 15]. Briefly, 1 mL ofthe positive blood
sample was added to 200 [XL ofa 5% saponin lysis solution.
The tube was then thoroughly vortexed. After 5 min of
incubation at room température, the tube was centrifiged
for 1 min at 16,6009, and the supematant was discarded.
Finally, the pellet was washed with 1 mL ofdeionised water
that was discarded after a second short centrifugation at
16,6009 (1 min). When dried, the pellet was smeared on a
stainless Steel target plate before mass spectrométrie analysis
(see Fig. 2).
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Table 2 Identification results by both methods using recommended cut-offvalues

Final identification In-house method

False ID
Genus Species

Gram-negative Enterobacter aerogenes |
Enterobacter cloacae |
Escherichia coli
Fusobacterium nucleatum
Klebsiella pneumoniae
Morganella morganii
Prevotella buccae

Pseudomonas aeruginosa

©O ©o o ©o o o ©o o ©

Rhizobium radiobacter

Salmonella typhi

Serratia marcescens

o

Total
Total (%)

Clostridium septicum

o
o

Gram-positive
Enterococcusfaecalis
Finegoldia magna
Micrococcus sp.
Staphylococcus aureus
Staphylococcus capitis

Staphylococcus epidermidis

© O OO OO ©O 0O OO0 O OO0 OO0 o0 o o o o

©O ©o 0o o o ©o ©o o &

Staphylococcus
haemolyticus
Staphylococcus hominis

Streptococcus anginosus
Streptococcus gordonii

Streptococcus mitisloralis

o o o o o
©o o o o o

Streptococcus
pneumoniae
Streptococcus pyogenes

o
o

Streptococcus
thermophilus
Total

Total (%)
Total
Total (%)

37
62.7 0.0
59 0

100.0 0.0

0
0.0
1

17

Ail

©o o ©N O 0o o o o o o
[

— o N e

o o o

14
37.8
16
27.1

Sepsityper"*”” kit method

Correct  Correct False ID No Correct Correct

genus ID genus and ID  genus ID genus and
species ID Genus Species species 1D

| 1 0 0 | 0 0

0 0 0 0 0 1 1

10 9 0 0 2 g g

0 0 0 0 | 0 0

2 2 0 0 ! 1 1

1 1 0 0 0 | |

1 | 0 0 1 0 0

1 1 0 0 0 1 1

1 1 0 0 1 0 0

2 0 0 2 0 2 0

1 0 0 1 0 1 0

20 16 0 3 7 15 12

90.1 72.7 0.0 13.6 31.8 68.2 54.5

1 0 0 0 0 1 1

2 1 0 0 0 2 2

1 0 0 0 0 2 2

0 NA 0 0 0 2 NA

4 4 0 0 | 3 3

1 1 0 0 1 1 0

6 | 0 0 4 7 1

0 0 0 0 0 7 1

3 1 0 0 0 3 3

2 | 0 0 0 2 1

1 1 0 0 0 | 1

1 0 0 0 2 0 0

0 0 0 0 2 0 0

1 1 0 0 0 1 1

0 0 0 0 1 0

23 1 0 0 10 27 16

62.2 314 0.0 0.0 27.0 73.0 45.7

43 27 0 3 17 42 28

72.9 47.4 0.0 5.1 289 712 49.1

NA: not applicable: ID to the species level was not needed because Micrococcus was considered as a contaminant

ID: identification

MALDI Sepsityper*™ kit

The préparation of the samples by the Sepsityper'” kit
was performed according to the manufacturer’s instruc-
tions for Gram-positive organisms. For the analysis of
Gram-negative bacteria, our preliminary tests suggested
that the formic acid extraction step could be eliminated
(data not shown). A shoiter procedure, which included the

deposit ofthe pellet directly after the washing step, was then
implemented.

MALDI-TOF MS analysis
The analyses were performed on a Microflex LT System

(Bruker Daltonics, Bremen, Gemiany). After drying, each de-
posit was covered with 1 pL of a-cyano-4-hydroxycinnamic
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Table 3 Identification results by both methods using lowered cut-offvalues

Final identification In-house method
False ID

Genus Species

Gram- Enterobacter aerogenes 1 0 0
négative Enterobacter cloacae 1 0 0
Escherichia coli 10 0 0
Fusobacterium nucleatum 1 o] o]
Klebsiella pneumoniae 2 0 [o]
Morganella morganii 1 0 0
Prevotella buccae 1 o] 0
Pseudomonas aeruginosa 1 0 0
Rhizobium radiobacter 1 0 0
Salmonella typhi 2 0 1
Serratia marcescens 1 0 0
Total 22 0 1
Total (%) 373 0.0 4.6
Gram-positive  Clostridium septicum | 0 0
Enterococcusfaecalis 2 0 0
Finegoldia magna 2 0 0
Micrococcus sp. 2 0 0
Staphylococcus aureus 4 0 0
Staphylococcus capitis 2 0 0
Staphylococcus 1 0 0
epidermidis
Staphylococcus 1 0 0
haemolyticus
Staphylococcus hominis 3 0 0
Streptococcus anginosus 2 0 0
Streptococcus gordonii 1 0 0
Streptococcus mitisloralis 2 0 1
Streptococcus 2 0 0
pneumoniae
Streptococcus pyogenes 1 0 0
Streptococcus 1 0
thermophilus
Total 37 0 |
Total (%) 62.7 00 27
Ail Total 59 0 2
Total (%) 1000 0.0 3.4

Sepsityper™ kit method

No Correct Correct False ID No Correct Correct

ID  genus ID genus and ID  genusiD genus and
species ID Genus Species species ID

0 1 1 0 0 1 0 0

1 0 0 0 0 0 1 |

0 10 10 0 0 2 8 8

1 0 0 0 0 1 0 0

0 2 2 0 0 0 2 2

0 1 1 0 0 0 | 1

0 1 1 0 0 | 0 0

0 1 1 0 0 0 | 1

0 1 1 0 0 1 0 0

0 2 0 0 2 0 0 0

0 1 1 0 1 0 0 0

2 20 18 0 3 6 16 13

9.1 90.1 81.8 0.0 13.6 273 727 59.1

0 1 1 0 0 0 1 1

0 2 2 0 0 0 2 2

1 1 ! 0 0 0 2 2

0 2 NA 0 0 0 2 NA

0 4 4 0 0 1 3 3

0 2 | 0 0 1 | |

3 8 6 0 0 2 9 8

0 1 1 0 0 0 1 1

0 3 3 0 0 0 3 3

0 2 2 0 0 0 2 2

0 1 1 0 0 0 1 1

0 2 0 0 0 | 1 0

2 0 0 0 0 2 0 0

0 1 1 0 0 0 1 1

0 1 1 0 1 1

6 31 24 0 0 7 30 26

16.2 83.8 68.6 0.0 0.0 18.9 811 74.3

8 51 42 0 3 13 46 39

13.6 86.4 73.7 0.0 5.1 22.0 78.0 68.4

NA: not applicable: ID to the species level was not needed because Micrococcus was considered as a contaminant

ID: identification

acid (CHCA) matrix solution. When dried, the target plate was
loaded into the machine, which was equipped with a 337-nm
nitrogen laser. The spectra were recorded in linear mode in a
mass range of 2 to 20 kDa and were subsequently analysed
using MALDI Biotyper automation control and Biotyper 2.0
software. At that time, the MALDI Biotyper database
(v3.1.1.0) included 3,740 spectra from 319 généra and 1,946
species.

S Springer

Classification

The identification results were first evaluated according
to the manufacturer’s instructions. Scores above 2 sug-
gested a probable identification to the species level,
scores between 1.7 and 2 indicated genus identification
and scores of 1.7 and below were considered to be
unreliable.



EutJ Clin Microbiol Infect Dis

Table 4 Identification results
obtained by the in-house OH)
method and using the lowered
cut-offvalues for isolates
inctuded in the validation set
(n=66)

Final identification

Acinetobacter baumannii
complex
Acinetobacterjohnsoni

Bacteroides caccae
Campylobacterfétus
Eggerthella lenta
Escherichia coli

Klebsiella oxytoca
Klebsiella pneumoniae
Pseudomonas aeruginosa
PseudomonasJluorescens
Salmonella paratyphi

Total

Total (%)

Clostridium petfringens
Corynebacterium sp.*
Micrococcus sp.*
Propionibacterium sp.*
Staphylococcus aureus
Staphylococcus capitis
Staphylococcus epidermidis
Staphylococcus haemolyticus
Staphylococcus hominis
Staphylococcus saprophyticus
Staphylococcus sp.*
Streptococcus pneumoniae

Streptococcus pyogenes

Total
ID: identification Total (%)
NA: not applicable Total
*Species identification was not Total (%)

clinically required

The results were then evaluated according to the arbitrarily
lowered cut-offs of 1.4 and 1.6 for the acceptable identifiea-
tion to the genus and species levels, respectively. When using
these lowered cut-off values, a différence of at least 0.3
between the first identification match and the first discordant
match was also required to validate the identification.

According to these two schemes, the identification results
were classified into the following categories: (i) no identifi-
cation, (ii) correct genus identification, (iii) correct genus
and species identification, (iv) genus misidentification and
(v) species misidentification (Tables 2, 3 and 4). The iden-
tification results obtained for polymicrobial cultures were
considered separately and are presented in a summary table
(Table 5).

n In-house method
False ID No ID  Correct Correct genus and
genuslD  species ID
Genus  Species
1 0 0 0 1 1
| 0 0 0 1 1
| 0 0 0 1 1
1 0 0 0 1 1
1 0 0 1 0 0
6 0 0 0 6 6
1 0 0 0 | 1
7 0 0 | 6 6
1 0 0 0 1 1
1 0 0 0 | 0
1 0 0 0 | 0
22 0 0 2 20 18
333 0.0 0.0 9.1 90.9 81.8
1 0 0 | 0 0
1 0 0 | 0 NA
2 0 0 0 2 NA
2 0 0 | 1 NA
3 0 0 0 3 3
3 0 0 1 2 1
17 0 0 8 9 9
1 0 0 0 | 1
5 0 0 2 3 3
1 0 0 0 1 1
1 0 0 0 | NA
5 0 0 1 4 2
2 0 0 0 2 2
44 0 0 15 29 22
66.7 0.0 0.0 34.1 65.9 57.9
66 0 0 17 49 40
1000 0.0 0.0 25.8 74.2 66.7

Influence ofadditional incubation time on the quality ofthe
rapid identification

Because positive blood cultures were not removed ffom
the incubators at night, several samples benefited Ifom
additional incubation time. The effect of a prolonged
incubation period was, thus, evaluated, comparing the
rate of correct species identification for both samples
that were immediately analysed and those that benefited
ffom additional incubation hours. The comparison was
made for results obtained by both methods and using
both cut-off criteria for ail isolates but also for Gram-
negative and Gram-positive organisms separately (data
not shown).
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Table 5 Identification results for polymicrobial cultures using both methods

Polymicrobial cultures In-house method Score Sepsityper™ method Score
More than three organisms, no ID in routine No reliable identification 1.19 No reliable identification 1.267
S. epidermidis + E. coli E. coli 2.119 E. coli 2.256
S. epidermidis + Streptococcus sp. S. epidermidis 1.917 S. epidermidis 2.047
E. faecalis + E. coli E.faecalis 2.347 No reliable identification 1101

ID: identification

Statistical analysis

McNemar’s Chi-square or exact binomial test was applied to
compare the results obtained by both methods on the same
samples. Fisher’s test was used in order to evaluate the
impact of additional incubation time on the quality of the
rapid identifications and to compare both the dérivation and
validation sets.

Practical points
To compare the practical strengths and weaknesses of both

the IH and the commercial Systems, the time required for the
analysis, the cost and the ease of use were also taken into

account in this évaluation and are presented in a summary
table (Table 6).

Results

During the first study period, 140 identifications were pro-
spectively performed, but only one identification per épi-
sode was taken into account in order to avoid bias. The final
number of identifications («=63) allowed us to accurately
evaluate the performance of the techniques and to rapidly
implement the analysis in our routine workflow.

During a period of five weeks, blood culture broths from
63 patients were, thus, prospectively included in the study.

Rank Matched Pattern Score
value
Staphylococcus
1 phy - 1.083
pasteuri
Rhizobium
2 R 0.838
rhizogenes
Myroides
3 . 0.821
odorafimimus
4 Candida albicans 0.818
Geotrichum
5 o 0.792
silvicola
Lactobacillus
6 0.775

hammesii

7 Paenibacillus 0771

daejeonensis

Clostridium

8 ) 0.757

inocuum

Clostridium

9 ) 0.745

acetobutylicum

10 Rhodococcus 0731

rhodochrous ’

Fig. 1 Example ofthe results obtained fiom an inoculated but négative blood culture (blank)
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1 min

centrifugation
at 16,600 g

l '50

+ 0.2 mL of
5% saponin solution
5 min incubation

1 mL sample

1 min
centrifugation
| at 16,600 g

The
supernatant is
discarded
The supernatant is The pellet is
discarded smeared on
+ 1 mL distilled the target
water plate

The analysis is performed and the spectrum is acquired

Fig. 2 IH method protocol

The Gram staining and our routine bacterial cultures
revealed four polymicrobial (6.3%) and 59 monomicrobial
blood cultures (93.7%).

Routine identifications

Of the 59 monomicrobial blood cultures, 22 were Gram-
negative rods (37.3%) and 37 were Gram-positive organ-
isms (62.7%). The distribution of the identifications and
the time required for the identifications are presented in
Table 1. Among the polymicrobial cultures, one culture
showed more than three bacterial isolates that were not
identified using routine methods, whereas the other three
polymicrobial cultures were mixed cultures of two bacterial

Table 6 Comparison of practi-
cal parameters observed for both
mediiiods

In-house
method

Cost (€)/analysis 0.72

Time to perform 20
analysis (min)

Base ofuse -H-+

strains: Staphylococcus epidermidis+Escherichia coli, S. epi-
dermidis+Streptococcus sp. and Enterococcus faecalis+E.
coli (Table 5).

The results obtained by both the IH and commercial
methods for the monomicrobial cultures using the recom-
mended cut-offs of 1.7 and 2 for correct genus and species
identification, respectively, are presented in Table 2.

Among the 22 Gram-negative bacteria, the IH method
correctly identified 90.1% and 72.7% of the organisms to
the genus and species levels, respectively. Using the Sepsi-
typer™ kit, correct genus identification was reached in
68.2% of the cases, and only 54.5% were correctly identi-
fied at the species level. The rates of unidentified organisms
were 9.1% and 31.8% using the IH and the Sepsityper™

Sepsityper™ Remark

method

7.45 Including ail Chemicals and disposable materials
(estimation realised in Belgium, March 2011)

40 40 min: including the extraction step, as
recommended (Sepsityper™)

20 20 min: excluding the extraction step (Sepsityper™)

++ Wortcing in the same tube (IH method) avoids

accidentai loss ofthe pellet

-~ Springer



methods, respectively. With both methods, Salmonella typhi
(n=2) was identified only to the genus level, and serotype
misidentiflcations were observed. No genus misidentifica-
tion occurred. Several identifications of E. coll and other
enterobacteria (3/22) were missed by the commercial meth-
od, regardiess ofthe cut-offused.

Among the 37 Gram-positive bacteria, the IH method
correctly identified 62.2% and 31.4% of the bacteria to
the genus and species levels, respectively. Using the
commercial kit, 73.0% of these organisms were correct-
ly identified to the genus level. The Sepsityper™ led to
45.7% correct species identifications. The rates of un-
identified organisms were 37.8% and 27.0% using the
IH and commercial methods, respectively. Half of the
streptococci and several coagulase-negative staphylococ-
ci were missed by the IH System. No misidentification
was observed.

When applied to anaérobie organisms, the IH method
correctly identified the species of one Prevotella buccae iso-
late but failed to identify four other isolates, including one
Fusobacterium nucleatum and one Finegoldia magna iso-
lates. The second F. magna isolate and the Clostridium septi-
cum isolate were only identified to the genus level using this
method. The Sepsityper™ kit was unable to identify Gram-
negative anaérobie isolafes but led to a correct species identi-
fication of ail Gram-positive anaérobie strains.

Finally, the overall correct species identification rates
were 47.4% and 49.1% for the IH method and the Sepsi-
typer™ kit, respectively (p>0.05).

To increase the sensitivity of our methods, the impacts of
the lowered cut-ofis of 1.4 and 1.6 for correct genus and
species identification, respectively, and of requiring at least
a 0.3 score différence between the first match and the first
discordant species were also studied (Table 3).

Using the lowered cut-offs, 90.1% and 81.8% of the
Gram-negative bacteria were cotrectly identified to the ge-
nus and species levels, respectively, using the IH method.
For these organisms and using the Sepsityper™ method, the
lowered cut-offs allowed the correct identification of 72.7%
and 59.1% ofisolates at the genus and species level, respec-
tively. The rates of correct identification by the IH method
for the Gram-positive bacteria were 83.8% and 68.6% at the
genus and species levels, respectively. For these organisms,
the Sepsityper™ achieved 81.1% and 74.3% correct identi-
fication at the genus and species levels, respectively. Low-
ering the cut-offs resulted in the misidentification of one
isolate of S. mitis/oralis by the IH method.

However, the lowered cut-offs also enhanced the perfor-
mance ofthe IH method in the identification of Gram-positive
anaérobie strains, allowing the correct species identification of
one C. septicum and one F. magna additional isolates.

Overall, lowering the cut-off values resulted in the cor-
rect identification of 86.4% and 73.7% ofisolates by the IH
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method versus 78.0% and 68.4% of isolates by the Sepsi-
typer™ method at the genus and species levels, respectively.
The rate of unidentified organisms using the Sepsityper™”
kit was almost twice that observed by the IH method (22.0%
vs. 13.6%) (p>0.05).

Results obtained for the polymicrobial cultures

The results obtained for the polymicrobial cultures (n=4)
are presented in Table 5.

The composition of mixed cultures with more than three
species was not satisfactorily identified by either method. In
the culture with both E. coliand S. epidermidis, both methods
identified E. coli with an acceptable score according to the
manufacturer’s instructions. S. epidermidis was also correctly
identified in the culture with both S. epidermidis and Strepto-
coccus sp. (near the recommended cut-offby the IH method).
In the culture with both E.faecalis and E. coli, the IH method
correctly identified E. faecalis, but no usefil information was
obtained fiom the Sepsityper™.

During the second study period, 73 positive blood cul-
tures ffom 73 sepsis épisodes were prospectively analysed
by the IH method and included in the validation set. Among
the 73 cultures, seven polymicrobial cultures were excluded.
Of the 66 monomicrobial cultures, 22 and 44 were Gram-
negative (33.3%) and Gram-positive (66.7%) organisms,
respectively. For six Gram-positive isolates, accurate species
identification was not clinically required (one coagulase-
negative Staphylococcus isolate, one Corynebaclerium
sp. isolate, two Micrococcus sp. isolates and two Pro-
pionibacterium sp. isolates). The results obtained for the
isolates included in the validation set, using the IH
method and the lowered cut-off values, are presented in
Table 4.

No significant différence was observed between the déri-
vation and validation sets.

Results obtained for the inoculated but négative blood
cultures

Among the six négative blood cultures, the IH method
allowed the acquisition of five spectra that led to unsatis-
factory results when compared to the database. The results
were accompanied by a comment explaining the poor qual-
ity of the identification (“not reliable identification”). Ail
score values were inferior to 1.1. An example of the spectra
and results obtained is presented in Fig. 1. No spectrum was
acquired ffom the paediatric culture bottle.

Influence of additional incubation time

For both the IH and Sepsityper™ methods and for both the
recommended and lowered cut-off values, no statistical
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différence was observed in the rate of correct species iden-
tifications according to the incubation period. The same
observation was made consideting ail of the included iso-
lates together or Gram-negative and Gram-positive organ-
isms separately (data not shown).

Practical points

Practical observations are presented in Table 6.

The cost of analysis was evaluated for both methods
according to the prevailing catalogue prices. Our results
suggest that the rapid bacterial identification is ten times
more expensive with the Sepsityper™ kit than with the IH
method (7.45 vs. 0.72 €/analysis), excluding the cost of the
technician’s time.

Both methods requited a similar length of time for the
analysis of Gram-negative rods due to the shortened proce-
dure adopted for the Sepsityper™ System; 12 min is needed
in order to obtain the biological material and smear it on the
target plate. The sample préparation will then be completed
approximately 20 min later. To identily Gram-positive bac-
teria, the complété commercial procedure was followed and
included a long formic acid extraction step. In these cases,
the entire process was completed in approximately 40 min
using the Sepsityper™ kit versus 20 min by the IH method.

In ternis of the practicality of the two methods, the IH
method was easier to use. The lysis solution provided in the
Sepsityper™ kit seemed to enhance the viscosity of the
blood; hence, the numerous resuspensions of the bacterial
pellet may lead to the accidentai loss of the biological
material.

Discussion

As demonstrated by the recent and abundant literature, rapid
bacterial identification directly from positive blood cultures
by MALDI-TOF MS is a challenging goal for microbiolo-
gists [5,9-17]. However, the wotkload and the cost of most
of the described procedures often limit their utilisation and
lead microbiologists to seek alternative solutions.

Our experiments found that MALDI-TOF MS analysis
directly from positive blood cultures produced 73.7% and
68.4% correct species identifications in less than 1 h by the
IH and Sepsityper™ methods, respectively. In contrast, tra-
ditional identification methods provide 78%, 91.5% and
100% identification results after 24 h, 48 h and more than
48 h, respectively (Table 1).

Our results are quite similar to those of previous studies,
summarised in Table 7, that have evaluated rapid methods of
identifying bacteria from positive blood cultures [18]. The
first studies described time-consuming procedures for the
sample préparation that are difficult to implement in routine

practice [5]. Shortened schemes were then evaluated with
various results that depended on the tested organisms and
the adopted cut-offs [10, 14]. Différences in the interpréta-
tive criteria led to substantial variability in the reported
results and made comparison of the different methods
difficult.

However, a common observation in ail studies, indepen-
dent of their design, is that rapid identification is more
successful for Gram-negative organisms than for the
Gram-positive species (see Table 7) that cause most cases
of septicaemia [19]. This disparity may explain the poorer
identification rates in the study by Ferreira et al. because
only 20% of the bacteria in that study were Gram-negative
[15]. As observed in our prospective study and other studies,
the proportion of Gram-negative organisms found in posi-
tive blood cultures is usually higher than 20% (37% in the
présent study) [5, 9-11, 19].

Among the studies that used the interprétative cut-offs
recommended by Bruker Daltonics, the range of correct
genus and species identifications varies from 68.2 to 89%
and from 57 to 79%, respectively [9, 15-17]. The results
obtained in the présent study show similar performances for
genus identification using the manufacturer’s cut-offs
(72.9% and 71.2% for the IH and Sepsityper™ methods,
respectively).

With 47.4% and 49.1% correct species identification for
the IH method and the commercial kit, respectively, our
successful identification rates seem lower than the results
of previous studies.

This discrepancy may be partially explained by the panel
of micro-organisms included in our smdy. An S. out-
break appeared during the study period, accounting for the
high proportion of Salmonella in the panel (n—2, 3.4%). In
our routine practice, this bacterium represents only 1% ofail
pathogens isolated from blood culture, and it is known that
the MALDI-TOF MS technology cannot identify these
organisms to the serotype level [20].

Moreover, our panel includes five anaérobie organisms
(8.5%). MALDI-TOF MS identification for anaérobie
organisms still needs to be improved by upgrading the data-
bases and developing a standardised method [21]. The in-
clusion of these organisms in our study may explain the
différences observed between our Sepsityper™ results and
those of Kok et al. [17].

Several authors reported up to 90% correct species iden-
tifications using short sample préparation procedures. Such
results are obtained on the basis of lowered cut-offs and/or
the utilisation of additional tests (i.e. Slidex pneumo-kit)
[10, 12, 13].

In the présent study, lowering the cut-offs to 1.4 and 1.6
for correct genus and species identifications, respectively,
and imposing a différence of at least 0.3 between the first
match and the first discordant identification as a new
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Table 7 Major studies exploring rapid identification directiy &om positive blood cultures (adapted from Croxatto et al. [18])

Author Journal Year Reference Blood culture MS GN n GP n Yeasts (%) n Polymicrobial n Total n Cut-off Remaries
System System (%) (%) cultures (%)
La Scola and Raoull PloS One 2009 (5] BACTEC Autoflex 94 125 37 197 NA NA 1/2 (18x) 22 59 322 2/4>19 Two different tested
87 100 67 140 NA NA 476 240 4/4>1.2 protocols
Prod'Hotn et al. J Clin Microbiol 2010 P| BACTEC Microflex 83 42 46 74 NA NA 172 4 57 122 >2 species Two Brevibacterium sp.
90 7 79 >1.7 genus poorly identiflcd
Ferroni et al.* J Clin Microbiol 2010 [101 BacT/ALERT Microflex 92.6 189 815 103 100 20 NA 86.9 312 >1.8and0.3 Spiked samples
11 175 >1.8 and no 0.3 différence

between first discordant

92.8 139 89.2 223 100 1u 12 1D 15 90.9 373 ) Clinical samples.
29 9 6.4 species matches combined Slidex
pneumo-kit
Stevenson et al.* J Clin Microbiol 2010 [11] BACTEC Ultraflcx 795 78 582 134 NA NA 1/2 ID (9x) 10 65.1 212 >1.9 species
87.2 70.1 76.4 >1.7 genus
Christner et al. J Clin Microbiol 2010 [12] BACTEC Microflex NR NR 95 277 1.3 species
95 277 1.4 species
1/2 (13x) 16 92 277 15 species
NR 90 277 1.6 species
87 277 1.7 species
83 277 1.8 species
81 277 1.9 species
75 277 2 species
Moussaoui et al. Clin Microbiol 2010 [13] BACTEC Biflex 98.9 187 9288 295 NA 36% isolates 21 95.22 482 >1.4 27 contaminant excluded
Infect 919 210 893 318 50 isolates 89.7 532 4 identical proposais Yeasts excluded
and 4 distinct spectia
Schmidt et al. EurJ Clin 2011 [14] BACTEC Shimadzu 74.4 43 45 60 NA 57.3 103  Superspectrum or 4 difTcrent tested protocols
Microbiol 81.4 58.3 68 top 10 identical ID
. 93 75 82.5
Infect Dis
97.7 61.7 76.7
BacT/ALERT SA 58.1 30 417
69.8 333 48.5
67.4 30 45.6
81.4 217 46.6
BacT/ALERT FA 30.2 33 14.6
48.8 33 22.3
41.9 17 184
67.4 133 35.9
Ferreira et al. Clin Microbiol 2011 [16] BACTEC Autoflex NR NR NR NR 76 68  >2 species
Infect % >1.7 genus
Ferreira et al. Clin Microbiol 2011 [15] BACTEC Autoflex 833 61 318 239 56 (genus) 18 NA 39.6 318 >2 species
Infect 96.6 64.8 68.2 >1.7 genus
Kok et al. PLoS One 2011 [17] BACTEC Microflex 79.7 187 463 285 NA 1/2 (20™) 31 59.4 507 >2 species 4 anaerobes remaining
87.2 68.4 79.8 >1.7 genus not identified

NR: not reported; NA: not applicable; GN: Gram-negative bacteria; GP: Gram-positive bacteria; MS System: mass spectroraetry System

*Extrapolaled results based on published data
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security raie resulted in an appréciable improvement of both
the IH and Sepsityper™ résulta, especially for Gram-positive
bacteria. These new cut-olfcriteria were assessed and validat-
ed on a validation set including 66 additional isolates.

The revised interprétative criteria did not lead to genus
misidentification but did lead to a species misidentification
using the IH method for one isolate of S. mitis/oralis, which
was erroneousiy identified as S. pneumoniae.

Because of the related taxonomy of these two species,
this error may appear even when identifying bacteria from a
colony and using the recommended cut-offs [22]. The
strengths and weaknesses of the rapid technology must be
evaluated while taking into account the general limitations
of mass spectrometry in bacterial identification. In our rou-
tine practice, the résulta for S. mitis/oralis and S. pneumo-
niae are always verified with an optochin test to confirm the
identification. A direct identification Ifom a blood culture
for which Gram staining showed probable streptococci
would not confirm the presence/absence of S. pneumoniae
but would likely exclude or confirm the presence of an
Enterococcus species or beta-haemolytic Streptococcus.

Our results also suggest that lowered cut-offs may help in
the diagnosis of anaérobie isolates, increasing the sensitivity
ofthe IH method in both the identification of Gram-positive
and Grara-negative strains. However, as previously men-
tioned, improvement of the databases is still required in
order to enhance the identification of such organisms fi'om
blood cultures as well as tfom isolated colonies [21].

The results of the identification of bacteria ffom polymi-
crobial cultures (n=4) were in agreement with the findings
ofprevious studies. When analysing a positive blood culture
containing several micro-organisms, the MALDI-TOF MS
usually led to the successful identification of the prédomi-
nant species. There was no misidentification resulting fiom
the concomitant presence of several species of bacteria [5,
9-13, 17]. Interestingly, Ferroni et al. showed that using
Gram-negative- and Gram-positive-specific databases when
the Gram stain showed organisms of both classes could
permit the identification of both the Gram-positive and the
Gram-negative bacteria [10].

The analysis of five négative blood cultures led to similar
spectral profiles (Fig. 1). This suggests that the development
of an algorithm allowing the discrimination of several spe-
cies from the same spectram could also be helpful for the
direct bacterial identification from positive blood cultures
(discrimination of blood proteins from bacterial proteins).

The resuit observed for the paediatric culture may prob-
ably be explained by a lower inoculum.

Interestingly, additional incubation time did not seem to
impact the rate ofcorrect species identifications in the présent
study. However, such an évaluation should preferably be
realised on a larger number of isolates and for each species
separately in order to draw accurate conclusions.

The major drawback of our study is the absence offungal
identification data resulting fiom the short study period. We
hypothesise that an additional extraction step would be
required in order to obtain reliable identification results for
yeasts. The Sepsityper™ kit showed ptomising results in a
previous study that evaluated a panel of organisms including
41 species from four Candida généra and one isolate of
Cryplococcus neoformans [23].

In terms of analytical performance, the IH method pro-
vided similar results to the Sepsityper™ kit overall. The
global performance using the adapted cut-offs was as fol-
lows: 86.4% and 73.7% correct genus and species identifi-
cations, respectively, versus 78.0% and 68.4% using the
commercial method. However, there are some practical
points that faveur the IH method. Usets will certainly ap-
preciate the économie argument for the IH method. Indeed,
based on catalogue prices, the IH method is ten times
cheaper than the Sepsityper™ Kit (0.72 vs. 7.45 €/analysis).
These prices include ail of the Chemicals and disposable
materials needed but do not include the technician fee
(Table 6).

The time of the analysis is also reduced with the IH
method because it does not include a time-consuming
extraction procedure, which we found unnecessary be-
cause it does not significantly improve the quality of the
identifications.

This réduction in the duration of the procedure has also
allowed the IH method to be implemented routinely, some-
thing that was often considered an unrealistic goal by the
microbiologists.

Because non-analytical arguments were in favour of the
IH method, we chose to implement this method in our
routine practice.

Despite the awareness that earlier identification could
lead to more suitable treatments and to substantial costs
savings [24], we performed IH in two batches per day,
according to the needs ofthe infectious diseases department.

However, the question remains as to whether a more
rapid identification impacts the clinical management of the
patients. This question emerged more than 20 years ago
during évaluations of the feasibility of rapid identifications
and susceptibility testing on positive blood cultures by var-
ious commercial Systems [7, 24]. Today, the question is still
under debate because of the development of new rapid
identification assays, such as MALDI-TOF MS or, more
recently, polymerase chain reaction (PCR)-electrospiay ion-
isation MS.

Even if identification does not yield information about
the susceptibility profile of the organism, a rapid identifica-
tion technique may offer several advantages. First, it may
permit the use of a more narrow-spectrum antimicrobial,
even before the acquisition of the susceptibility testing
results. Additionally, rapid identification may help the
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physician identify the source of the infection, thus, reduc-
ing the costs associated with complementary investigations
[25, 26].

Our study found another advantage of rapid bacterial
identification from positive blood cultures. Indeed, two sep-
arate blood cultures over a short period were positive for
Salmonella. Even though the MALDI-TOF MS did not
identily the serotype, the short delay between the two épi-
sodes and similarities between the patients’ names and na-
tionalities alerted the microbiologist. Infection control
specialists were quickly wamed of a suspected outbreak,
which developed rapidly. Seven confirmed cases were diag-
nosed in four different hospitals in Brussels and a potential
case index was found (data not shown). This example shows
that rapid identification might be an additional source of
public health information and that the method may be par-
ticularly helpftil when there is collaboration and communi-
cation between health professionals.

Conclusion

The rapid identification of organisms in positive blood
cultures is a new challenge for microbiologists, which
should be included in a larger process. Ail pre-analytical,
analytical and post-analytical steps must be improved.

In this perspective, an in-house (IH) method has been
evaluated in our laboratory. With 86.4% and 73.7% correct
genus and species identifications, respectively, using the
lowered cut-offs, the IH method showed similar results to
the Sepsityper™ Kit (78.0% and 68.4% correct identification
to the genus and species levels, respectively). However, the
IH method is ten times less expensive and is faster and
easier to perforai than the commercial kit method. Today,
the IH method is routinely used in our laboratory. At our
institution, a complementary study in collaboration with
microbiologists, infectious disease specialists, physicians
and pharmacists is in progress to déterminé the real clinical
impact of such a rapid method on the clinical management
of the patient.
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Impact of rapid microbial identification directiy from positive blood
cultures using matrix-assisted laser desorption/ionization time-of-flight
mass spectrometry on patient management
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Abstract

For septic patients, delaying the initiation of antimicrobial therapy or choostng an inappropriate antibiotic can considerably worsen their
prognosis. This study evaluated the impact of rapid microbial identification (RMI) from positive blood cultures on the management of
patients with suspected sepsis. During a 6-month period, RMI by matrix-assisted laser desorption/ionization time-of-flight mass
spectrometry (MALDI-TOF MS) was performed for ail new épisodes of bacteraemia. For each patient, the infectious disease specialist was
contacted and questioned about his therapeutic decisions made based on the Gram staining and the RMI. This information was collected to
evaluate the number of RMIs that led to a therapeutic change or to a modification of the patient’'s general management (e.g. st removal of
infected cathéters). During the study period. 277 new épisodes of bacteraemia were recorded. In 71.12% of the cases. MALDI-TOF MS
resulted in a successfui RMI (197/277). For aduit and paediatric patients. 13.38% (21/157) and 2.50% (1/40) of the RMIs. respectively,
resulted In modification of the treatment regimen. according to the survey. In many other cases, the MALDI-TOF MS was a helpfui tool for
infectious disease specialists because it confirmed suspected cases of contamination, especially in the paediatric population (15/40 RMIs,
37.50%), or suggested complementary diagnostic testing. This study emphasizes the benefits of RMI from positive blood cultures. Although

the use ofthis technique represents an extra cost for the laboratory, RMI using MALDI-TOF MS has been implemented in our daily praaice.

Ke/words: Blood culture, clinical impact, matrix-assisted laser desorption/ionization time-of-flight mass spectrometry, rapid diagnosis,
sepsis
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35% of the patients in the intensive care unit. More than 50%

Corresponding author D. Martiny, rue Haute 322, 1000 Brussels, . P . .
Belgium of patients who expérience septic shock do not survive [2-4].
E-mail: deiphine_martiny@stpierre-bru.be The management of bacteraemic patients can be improved
by the administration of the appropriate treatment without
delay [5-7]. Molecular techniques allow for rapid microbial
identification (RMI) from blood samples but have limitations, in
- articular the high cost per analysis and the need for
Introduction P 9 P Y
antimicrobial susceptibility testing [8].

Because it allows the identification of microorganisms in a

Sepsis is a major cause of morbidicy and mortality in few minutes instead of the hours required by biochemical
hospitalized patients. In the USA, 750 000 cases of severe techniques, matrix-assisted laser desorption/ionization time-
sepsis occur annually [I]. In Europe, sepsis occurs in more than of-flight mass spectrometry (MALDI-TOF MS) is a promising
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alternative diagnostic tool [9]. Since its commercialization at
the beginning of the twenty-first century, many new strategies
to perform RMI directiy from clinical samples have been
evafuated [10-13]. Recently, inexpensive strategies that allow
RMI within 20 min afcer the blood culture becomes positive
were described [14,15].

Currently, the usefulness of RMI is still debated. Arguments
for RMI State that RMI could lead to the faster adoption of the
appropriate antibiotic regimen and help to identify the cause of
the sepsis if it is unknown. The still limited Information
concerning the susceptibility of the microorganisms to
antimicrobiais is a weakness of RMI [16.17].

The primary aim of this study was to prospectively evaluate
the theoretical impact of RMI from positive blood cultures on
the clinical management of bacteraemic patients in our
hospitals. The compliance v/ith the recommendations of the
infectious disease spécialise (IDS) was aiso retrospectively
evaluated to détermine the real clinical impact of the RMI

technique.

Materials and Methods

Location

The Saint-Pierre University Hospital and the Jules Bordet
Instituée are universicy-affiliated medical centres located in
Brussels, Belgium. Saint-Pierre is a public hospital with vast

expérience in infectious diseases. Jules Bordet is the only

Prospective analysis

FIG. 1. Design of tiie prospective

analysis.

©2013 The Authors
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hospital in Belgium that is completely dedicated to cancer. Both
institutions are served by the same laboratory, which is open
on weekdays from 07.30 until 20.00 h and on Saturday and
Sunday from 08.00 until 16.00 h. Positive blood culture botdes
are analysed during these time periods. During the night,

medical microbiologists and IDSs are on call for emergencies.

Collection of blood cultures and inclusion criteria

From September 2011 to March 2012, the first positive blood
culture for each bacteraemic épisode in patients from both
hospitals was prospectively enrolled in the study. Ail positive
cultures for the same patient obtained within 3 days of each
other and presenting the same Gram staining results were
considered as belonging to the same épisode. When staphy-
lococcal morphology was observed in the Gram staining. RMI

was aiways performed to confirm or ruie out contamination.

MALDI-TOF MS RMI

The positive blood cultures (Bactec Plus Aérobic and Bactec F
Lytic Anaérobie; Becton Dickinson, Franklin Lakes, NJ, USA)
were prepared and analysed according to a previousiy
described in-house protocol [14]. The spectra were acquired
on a Microflex LT System (Bruker Daltonics, Bremen,
Germany) and subsequently analysed using MALDI Biotyper
Automation Control and Biotyper 3.0 software. At that time,
the database (V3.1.2.0) included 3995 spectra. The analyses
were performed in batches twice daily. The RMis were

classified as ‘reliable’ or ‘unreliable’ according to previousiy

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CNU
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TABLE |. Rapid microbial identification (RMI) transmitted to the infectious disease specialist for cultures that showed Gram*

négative bacteria (n - 71)

From From
Incubator  Incubator
removal romoval
to RMI to CIT

Padent  Gram Reliable RMICIT delay deUy

no. staining RMI Score H Log RMI? T7 cIT discrepancy?  (min) (min)

204 GNR A pfwmospeoes 1473 1 0157 N WC A fbecolis Y 50 2950

lit GNR A johnson» 1.957 6 0.774 Y Y A johnsonii N 73 3064

90 GNR A momospedes  2.035 3 0651 Y Y A hwiii v 50 2075
241 GNR A hwfii 1003 7 0818 Y Y Adnetobocler sp. N 151 1479
56 GNR K. sedentarius® uis 1 0113 N WC  Anaérobie GNR Y MD MD
97 GNR C fétus 1.924 7 0645 Y Y Compyiobaaer sp. N 101 3336

Campylobacter
suspected
27 GNR £ doocae 1.938 4 0339 Y Y £ doocae complex N 93 1559

125 GNR £ doocoe 1.888 10 NA Y Y £ doocae complex N 54 1437

232 GNR £ doocoe 1026 4 o021 Y Y £ doocae complex N 22 11S0

262 GNR £ doocoe 2.266 6 0374 Y Y £ doocoe complex N 104 1579

10 GNR £ wB 1241 10 NA Y Y £ co» N 65 1683
14 GNR £ cofi 2 8 0275 Y Y £ CO» N 21 1369
25 GNR £ coB 1254 10 NA Y Y £ Co» N 92 1558
30 GNR £ coB 1.806 6 0273 N wc £ Co» N 68 1395
38 GNR £ cofj 1.979 7 0492 Y Y £ Co" N 47 1098
45 GNR £ coB 1279 8 0272 Y Y £ CO N 75 1061
57 GNR £ col) 133 10 NA Y Y £ Co" N 61 1497
70 GNR £ coB 1261 8 026 Y Y £ CO» N 146 1555
95 GNR £ coB 1073 9 0574 Y Y £ CO» N 58 2970

131 GNR £ coB 1196 9 0605 Y Y £ CO» N 80 1180

144 GNR £CO» 1851 10 NA Y Y £ CO» N 71 1676

154 GNR £ CO» 2.276 8 0423 Y Y £ coli N 203 1639

155 GNR £ Co 2.201 9 0578 Y Y £ coli N 167 1544

175 GNR £ 0O 1.954 10 NA Y Y £ CO» N o7 1555

181 GNR £ COo» 2307 9 0522 Y Y £ CO» N 325 1472

213 GNR £ CO» 2.085 10 NA Y Y £ CO» N 37 1473

214 GNR £ CO» 1139 9 0548 Y Y £ CO» N 34 M6l

224 GNR £ CO» 2342 10 NA Y Y £ CO» N 86 1625

233 GNR £ CO» 1.837 10 NA Y Y £ CO» N 452 1639

239 GNR £ Co» 1187 6 0278 Y Y £ CO» N 168 1552

243 GNR £ CO» 1.888 9 0493 Y Y £ coli N 15 1788

250 GNR £CO 1367 9 046 Y Y £ Co» N 86 1583

258 GNR £ CO» 1167 10 NA Y Y £ CO» N MD MD

263 GNR £ Co» 1192 10 NA M Y £ CO» N 105 1516

264 GNR £ Co» 1292 10 NA Y Y N 106 1517

273 GNR £ Co» 1153 8 0413 Y Y £ Co» N 206 1595

281 GNR £ Co» 1.798 9 0636 Y Y £ Co» N 273 1595

282 GNR £ CO» 13901 6 028 N wc £ Co» N 274 1596

286 GNR £ CO» 1313 9 0451 Y Y £ CO» N 187 1529

288 GNR £ CO» 1148 8 0303 Y Y £ CO» N 336 1456

296 GNR £ CO» 1314 9 0361 Y Y £ CO» N 257 1516

299 GNR £ Co» 1209 8 0547 Y Y £ CO» N 60 Mol

300 GNR £ CO» 1001 8 0465 Y Y £ CO» N 38 1463

255 GNRce H. influenzoe 1125 10 NA Y Y H. influenzoe N 95 3062

259 GNRcc H. influenzoe 1.635 10 NA Y Y H. influenzoe N MD MD

109 GNR K. oxytoco 127 3 0365 Y Y K oxytoco N 73 1553

218 GNR K. oxytoco 2.234 2 0283 Y Y K. oxytoco N 95 1516

13 GNR K. pneumoniae 192 4 0.4 Y Y K. pneumoniae N 65 1691
a1 GNR K pneumoniae 1.903 6 0435 Y Y K pneumoniae N MO 1569
58 GNR K. pneumoniae 1153 4 0306 Y Y K pneumoniae N 160 1621
77 GNR K pneumoniae 1829 3 0267 N wc K pneumoniae N 56 2199
78 GNR K. p/Kumonioe 1.325 7 0426 Y Y K pneumoniae N 55 1648
99 GNR K. pneumoniae 1239 7 0411 Y Y K pneumoniae N 100 1646

112 GNR K pneumoniae 122 6 0369 Y Y K pneumoniae N 74 1572

134 GNR K. pneumoniae 2.088 1 0258 Y Y K pneumoniae N 136 2075

135 GNR K pneumoniae 1.786 7 0362 Y Y K. pneumoniae N 136 1515

168 GNR K pneumoniae H99 5 0223 Y Y K pneumoniae N 62 1654

211 GNR K. pneumoniae 1071 9 0402 Y Y K. pneumortioe N 43 1209

297 GNR K pneumoniae 1.932 1 0237 N wc K. pneumoniae N 39 1030

26 GNR P. aeruginosa 1178 6 1.06 M Y P. oerupnosa N 93 1559
85 GNR P. aeruginoso 1265 6 068 Y Y P. oerupnosa N 95 1548

145 GNR P. aeruginosa 1253 6 0757 Y Y P. aeruginoso N 181 1923

289 GNR P. agglomérons 1.807 3 0.24 N wc P. aghomerans N 83 4561

153 GNR P. buccae lis 6 1084 Y Y P. buccae N 104 10499

119 GNR P. mirabilis 1335 9 08 Y Y P. mirabilis N 468 1523

67 GNR P. veronii 1613 1 0109 N wc Pseudwnonos sp. N 200 1323
268 GNR R omithotdco 2.508 1 0.39 N WC R frantkoh y* 154 1507
265 GNR S. makophilia 1.419 1 0.186 N wc S. makophEa N 259 1384

55 GNR SoBrnonello sp. 1242 9 0.36 Y Y 5. porotypbi N 116 1519

190 GNR Solmone»o sp. 1.919 10 NA Y Y S. typbimurium N 217 1512

150 GNR Soimoneilo sp. 1321 10 NA Y Y Solmoneffo sp. N 224 1614

CTT: conventional identification technique: GNR: Gram-negative rods; GNRcc: Gram-negative rods H: H ;T 1 ofthe RMI to the IDS?; Y: yes.

N: no; WC: with caution; NA: not applicable: MO: missing or incompléte data; A germnospedes, Aanetobacur A Johnsonii. ~nsontr; A

Adnetobooer iowfii; A faecdis, Akaligenes foecatis; C ftws. Canpyhbaaer fétus; L doocoe, doocae; £ coS. cok, H Hox

K sedentarius, Kytococcus sedentorius: K. oxyUxa, Klebsiella oxytoco; K. pneumatiae. Klebsiella pneumonioe: P. ogghmerans. Pantoea "glomerons; P. buccae. Prevotella huccce P. mirabiBs.

Proteus mirabilis: P. P. veronii, veronO; R. ytica. Rooufielta ytica: A planticola, e ; S. mavtophilki,

5. paratyphi, poroiyphr, S. typhimunum, S<*moneMo typhimunum.
: number of matches Identical to die first one; log; différence between the score of the first match and the firsc discrepancy.

*Known limitations of die MALDI-TOF MS.
“The medical microbiologisi told the IDS that an anaérobie bacterium was suspected (bad MALDI-TOF MS resit and anaérobie botties).

©2013 The Authors
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TABLE 2. Rapld microbial identifications (RMis) transmitted to the infectious disease specialist (IDS) for cultures that showed

Gram positive bacteria (n = 107)

From From
incubator  Incubator
removalto  removal to
Patient Gram Reliable RMI/CIT RMI delay CIT delay
no. staining  RMI scoe  H  Log RMI? ™ crr discrepancy  (min) (min)
257 GPR fi. cereus 1.689 2 0109 N WC 6. cereus N MD MD
157 GPR fi. Uchenlformis 1891 5 0802 Y Y fiocUlus sp. N 165 1572
1Al GPR C amycolawm 1.387 4 0284 N WC  C omycolatum N 264 1236
106 GPCe S. pettenkoferi 1716 2 0568 Y ¥ cms N MD MD
164 GPCe £, conts® 1.204 I 0126 N WC £ durons M 183 3034
140 GPCpch £ fhecols 1912 8 0763 Y Y £ ecolis N 35 1524
180 GPCpch £ foecalis 1732 8 0.584 Y Y £ filecoBs N 54 1519
197 GPCpch £ faecoUs 1673 8 035 Y Y £ foecalis N 88 1582
287 GPCpch £ foecalis 2.034 8 o081 Y M £ foecolis N a 1022
156 GPCpch £ "oedum 1.955 9 0892 Y Y £ foechim N 167 1770
272 GPR L crispatus 1.321 1 0.267 N wcC Laciobodllus sp. N 76 4459
88 GPCc M. luteus 1526 2 os13  ° Y Mkrococevs sp. N 48 1167
183 GPCe M. luteus 1301 2 0512 N WC  Micrococeus sp. N a7 1315
184 GPCc K sedentarius 163 1 o0s2% Y Y Mkncoceus sp. N 144 3006
104 GPCe M. luteus 1425 I 0297 N WC  Mkrococcus sp. N % 1707
202 GPCe Al luteus 1.798 3 0499 Y Y Micrococcus sp. N 152 1617
102 GPR Propionibacterium sp. 1.684 7 0607 Y Y Popionibacterium sp. N 96 4659
35 GPCpch . ofahctiae 2147 9 0704 Y Y S. ogahctiae N 46 1641
215 GPCpch S, anginosus 1.444 2 0241 N WC S anginosus N 04 1540
7n GPCe S oureus 1624 8 059 v Y S. oureus N 170 1506
80 GPCe S. oureus 2.099 10 NA v Y 5. oureus N 78 1515
98 GPCe S. oureus 1854 10 NA Y M S. aureus N 233 1518
151 GPCe S. oureus 145 7 0382 Y WC 5 mreus N 52 1382
167 GPCe 5. oureus 1817 10 NA Y Y S. aureus N 281 1564
285 GPCe S, oureus 1692 9 0475 Y v S. oureus N 274 1596
75 GPCe S. capitis 1589 4 o466 YP WC S capitis N 596 1507
83 GPCe s. capita 1.987 5 0743 Y Y 5. otritis N 125 1102
114 GPCe 5. onltts 1813 5 059 Y Y S. ofritis N MD MD
126 GPCc 5. cchtrs 1.637 2 0.604 Y Y S. copitis N 85 1579
147 GPCe s. capitis 1597 4 0474 Y Y 1 copitis N 226 1611
148 GPCc 5. capitis 1.457 5 0.393 Y* wc S. cafMs N 225 1611
277 GPCe s. capitis 1732 3 035 Y Y S. capitis N 77 1457
115 GPCpch S dysgataciiae 1.824 4 0.188 N wc S. dysgaloctiae N 87 1152
3 GPCe S. epldermidis 2 8 0616 Y v 5. epidermidis N 131 1554
32 GPCe S. epidermidis 1.99 7 063 Y M 5. epidermidis N 69 1307
36 GPCe S. epidermidis 1.287 2 o018 N WC s, epidermidis N a7 1560
59 GPCe S. epidermidis 1728 7 065 N v S. epidermidis N 87 1527
64 GPCe S. epidermidis 2.007 8 0735 v Y S. epidermidis N 93 1542
76 GPCe S. epidermidis 1.422 4 0255 N WC s, epidermidis N 172 1555
82 GPCe S. epidermidis 1885 6 0719 v ¥ S. epidermidis N MD MD
87 GPCe S. epidermidis 1.395 3 0200 N WC s, epidermidis N % 1526
89 GPCe 5. epidermidis 1223 4 o034 N WC . epidermidis N 534 1482
%6 GPCe S. epidermidis 1653 6 0651 v Y S. epidermidis N 65 1492
>03 GPCe S. epldermidfs 188 9 o84 Y M S. epidermidis N 95 1601
107 GPCe S. hominis™ 1978 6 093 v v S. epidermidis ¥ MD MD
Mo GPCe 5. epldermid/s 179 6 0566 Y Y S. epidermidis N 73 1553
121 GPCc 5. epkfermidn 191 8 0.615 Y Y 5. epidermidis N 130 1511
123 GPCe S epidermid(s 1.708 6 065 Y Y S. epidermidis N 99 1509
126 GPCe S. epkfermid/s 171 5 o031 Y Y S. epidermidis N P 1155
129 GPCe S. epidermidis 1.262 2 0162 N WC 5. epidermidis N 190 1335
133 GPCe S. epidermidis 1.463 1 o3s b WC 5. epidermidis N MD MD
136 GPCe S. epidermidis 2.086 7 07838 Y v S epidermidis N MD MD
139 GPCe S. epidermidis 1779 7 o618 Y Y s. Aidermidis N 36 1525
146 GPCe S, epidermidis 1.865 6 0658 Y v S. epidermidis N 150 1387
158 GPCe S nidermidis 1601 2 0505 Y v S. epidermidis N 143 176
160 GPCe S. epidermidis 172 6 0457 Y M S. epidermidis N 244 1324
161 GPCe S. epidermidis 2187 8 0966 Y M S. epidermidis N 127 1545
162 GPCe S. epidermidis 1.357 2 0059 N WC . epidermidis N 57 1139
166 GPCe S. epidermidis 208 6 0502 Y Y S. epidermidis N MD MD
166 GPCe S. epideimidis 1.509 2 o032 Y WC S, epidermidis N 93 1504
201 GPCe S. epidermidis 1623 8 0316 Y Y s. gsidermidis N 76 1537
216 GPCe S. epidermidis 1.858 8 0635 Y Y S. epidermidis N 95 1516
249 GPCe S. epidermidis 1774 8 0481 Y v S. epidermidis N 86 1583
253 GPCe S. epidermidis 1793 8 0636 Y Y 5. epidermidis N 04 1824
256 GPCe S. epidermidis 1717 4 0606 Y Y S. epidermidis N MD MD
260 GPCe S. epidermidis 1.238 I o018 N WC s, epidermidis N MD MD
267 GPCe S. epidermidis 1.866 7 0606 Y v s. Nidermidis N 154 1507
269 GPCe S epidermidis 1828 8 0698 Y v 5. epidermidh N 153 1506
271 GPCe 5. epidermidis 1378 4 0207 N WC s, epidermidis N 77 1559
275 GPCe s. erermidis 1.606 2 017 N WC 5. epidermidis N 133 1558
278 GPCe S. epidermidis 1.303 5 0349 N WC S epidermidis N 119 1581
306 GPCe S. epidermidis 1.698 5 062 Y v S. epidermidis N MD MD
234 GPCpch 5 AMytkus 1.849 3 0434 v v S. gaMytkus N 174 2066
93 GPCe S. haemofyticus 1921 7 o2 Y v S. hoemol)dicus N 39 1434
219 GPCe S. capitis 1.509 6 031 v WC 5. haemolyticus M MD MD
7 GPCe S hominis 1882 6 043 Y Y S. hominis N 02 1324
" GPCe S hominis 1893 4 0739 Y v S. hominis N 65 1681
2 GPCe S. hominis 1.706 6 o062 v v S. hominis N 273 1583
39 GPCe S. hominis 2.095 6 1083 Y M S. hominis N 134 1462

©2013 The Ainhors
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Table 2 (ContJnued)

Patient
no. staining RMI Score  H Log RMI7
72 GPCc S. hominis 178 5 078 Y
73 GPCc 5. hominis 184 6 083 Y
113 GPCc S. hominis 2.27 6 085 Y
122 GPCc S. hominis 2.119 6 081 Y
143 GPCc S. hominis 2.128 5 0.8 Y
207 GPCc S. hominis 2211 6 0868 Y
212 Gpa S. hominis 1.838 3 0682 Y
248 GPCc S. hominis 2.229 6 1004 Y
203 GPCc 5. hwninis 2.192 6 0854 Y
308 GPa 5. hominis 1069 6 099 Y
124 GPCpdi S. pneumonioe 109 2 009 N
235 GPCpch 5. solivonus 1386 4 0095 N
t GPCpch S pneumonioe 1924 7 0729 Y
18 GPCp<* S. pneumoniae 1735 6 0513 Y
42 GPCpch 5. preumoniae 1453 3 0358 v
50 GPCpch S. pneumonioe 113 7 079 N
105 GPCpch 5. pneumonioe 1.822 4 0346 Y
120 GPCpch  S. pneumoniae 1719 6 0477 Y
185 GPCpch S. pneumoniae 1341 3 0.193 N
198 GPCpch 5. pneumoniae 1364 4 0165 N
242 GPCpch S. pneumoniae 1.986 6 0602 Y
65 GPCpch S. pyogenes lis 8 0571 Y
68 GPCpch S. pyogenes 1.896 8 0635 Y
165 GPCpch S. pyogenes 1.847 7 0613 Y
195 GPCpch S. pyogenes 2.006 6 0637 Y
246 GPCpch S. pyogenes 2.27 8 0678 Y
60 GPCc s. saprophyticus 1761 6 0631 Y
159 GPCpch s. thermophilus 2.097 6 067 Y

Reliable

Impact of MALDI-TOF MS identification from blood cultures 5

From From

incubator incubator

removal to removal to

RMI/CIT RMI delay CIT deli

T7 cIT discrepancy (min) (min)
Y S. hominis N 148 1440
Y S. hominis N 177 1439
Y S. hominis N 161 1485
Y S. hominis N 100 1510
Y S. hominis N 71 1596
Y S. hominis N 251 1346
Y S. hominis N 37 1473
Y S. homins N 54 1563
Y S. hominis N 75 M71
Y 5 hominis N 57 1138
wc S. mitisioroKs I 51 3549
wc S. mitis/oralis N 175 1804
wc S. pneumoniae N 30 1396
wc S. pneumoniae N 94 2933
Y S. pneumoniae N 95 1021
wc 5. pneumoniae N MD MD
wc 5. pneumonioe N MD MD
wc 5 pneumoniae N 73 1571
wc S. pneumonioe N 186 1771
wc S. pneumoniae N 87 1627
wc 5. pneumoniae N 150 1528
Y S. pyogenes N 66 1532
Y S. pyogenes N 22 1146
Y 5 pyogenes N 7 1597
' 5 pyogenes N 31 M57
Y S. pyogenes N 70 1523
Y 5 saprophyticus N 197 1608
Y S. thermophilus N MD MD

CIT, conventionat identification tedtnique; GPfi, Gram-positive rods; GPCc Gram-positive cocci in dusters; GPCpch, Gram-positive coco in pairs and chains; Y: yes. N: no, WC:
with caution; NA: not applicable; MD. missing or incompléte data: B. cereus, BadMus cereus; B. ficfienrforms. BacHlus Iktitnifomis: C Col m
S. pettenkonri. Stophyhaxajs ptiienkoféri; £ canii. Enttmcoccus cons; £ durons, Enterococcus duronr. £ fotcoBs, Enterococcus fatcoUs; £ faedum, Enterococcus foedum; L cnspatus,

LoOobodSlus crispatus-, M futeus, Micrxxoccus luteus; K. sedentarius.

S.

) s. onginosus, s. ourtus,

Stophyfococcus aureuK S. coprtis. capids: S.

Y, S. a: S. hominis, hominis:

s. gallolyticus, Streptococcus galhtyticur. S. s.

sokvarhjs; S. pyogenes, pyogenes; S.

pneumoniae: S. mitis. Streptococcus mitis: S. sahorius. Streptococcus

: S. thermophikjs. Streptococcus thermophilus.

Homogenelty: number of successive matches identical to the first one; log: différence between die score of the first match and the first discrepancy.

*The medical micre an |

“RMI reliable to the genus levai.

‘Contamination by cutaneous flora was not excluded.
Vnown limiation of the MALDI-TOF MS.

sp.' Identification.

validated cut-offs of 1.4 and 1.6 for the acceptable identifica-
tion to the genus and spedes levels, respectively. A différence
of at least 0.3 between the first identification match and the
first discrepant match was aiso required to validate the
identification [14]. The last criterion was not required if the
identification score value met the manufacturer's instructions
(cut-ofF values of 1.7 and 2 for the acceptable identification to
the genus and spedes levels, respectively). The RMIs that
showed a discrepancy with the Gram staining results were also

dassified as unreliable.

Clinical impact évaluation

The design of the prospective analysis Is presented in Fig. I.
For each positive blood culture, the Gram staining resuit was
transmitted to the IDS, who answered in a blinded manner
several questions on the clinical présentation and current
antibiotic treatment of the patient and explained his thera-
peutic decision. AH data were registered in a standardized case

report form by the medical microbiologist (see Supplementary

material, Fig. SI). When the RMI viras transmitted, tfie IDS
informed the medical microbiologist of any modification of his
initial therapeutic decision. AH cases in which the RMI provided
another benefit were aiso recorded. Indeed, RMIs from blood
cultures showing staphylococcal forms on the Gram staining
exclude or

were expected to confirm  Staphylococcus

auceus infections, catheter-related infections and contami-
nations. The détection of particular organisms could aiso
indicate which additional medical investigations could be
conducted to détermine the origin of the septic infection if it
was unknown.

A rétrospective analysis of ail cases was then performed.
For Saint-Pierre patients, the pharmacy department used
billing, medical and nursing files to retrospectively evaluate
whether the IDS’s therapeutic recommendations were fol-
lowed. The IDSs of both institutions aiso retrospectively
checked the medical files. In this section, the RMl/conventional
identification delay, the IDS contact/adaptation of the treat-

ment delay (when needed) and the influence of the medical

©2013 The Authors
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TABLE 3. Rapid microbial identifications (RMIs) transmitted to the infectious disease specialist (IDS) for mixed cultures (n = 18)

Patient
nr staining RMI Score  H Log
302 GPCc 5. homina 1.2s1 1 0.008
19 GPCpch C browi 2021 1 0.035
GNR
20 GNR £ faecabs 2.257 6 0.897
GPCpch
40 GPCc S hominis 1.969 6 0.783
a4 GPCpch £ foecolis 2.22 8 0.693
GNR C freundii 113 5 0.202
46 GPCc s. epidermidis 1767 6 0.639
1at GNR £ coii 1162 8 0.366
GPCpch
137 GPCc S. caprtis 1727 4 0.586
136 GNRcc H. influenzoe 1071 10 NA
152 GNR K. pneumonice 1078 3 0.325
176 GNR £ cof 1109 10 NA
177 GNR fC pneumonioe 2.277 6 0.407
GPR
188 GNR £ cob 1027 10 NA
189 GPCc S. oureus 1185 10 NA
GPCpch
193 GPCc S. haemolyticus 1.919 7 0.502
GPCpch
236 GPR C perfnngens 1.872 Altemate 1D NA
GNR £ coli 1738
261 GNR S. maltophilia 2.065 2 0.298
279 GNR M. morganii 2.492 10 NA
GPCpch

From From
incubator  incubator
removal removal
to RMI to CIT
Reliable RMICIT deiay delay
RMI? T7 cIT discrepancy?  (min) (min)
N WC . hominis Y. IR 135 1176
Streptococcus sp.
Acinetobacter sp.

Y Y £ foecolts Y. IR 270 2002
C braki
P. ceruginosa

Y Y £ coii Y. IR 273 1599
£ foecobs
1 oureus

Y N s. epidermidis Y. IR 46 1629
S. hominis

Y Y £ foecois N+ 147 1534
C freundii

N Y s. epidermidis N 119 1532
s. epidermidis

Y N £ coii Y. R 94 3115
s. mitis/orolis

Y Y s. caprtis Y. IR ™MD MD
S. hoemorrtkus
s. epidermidis

Y Y H. influenzoe Y. IR 136 5853
K. pneumonice

Y Y K pceumonice Y. IR 59 1206

£ coU

Y Y £ coii Y. IR 98 1556

K pneumonice
Y Y K. pneumonice Y. IR o7 1555
L hctis

N Y £ o6 N 215 1510

£ coii

Y Y S. oureus Y. IR 217 3146

StreptocKCus sp.

Y Y 1 haemolyticus Y. IR 487 1498

£ avium
Y N C perfnngens Y. IR 175 1578
£ coH
s. salhrarius

Y M s. maltophilia Y. IR 115 1415
Ochrobactrum sp.

Y Y M. morgani Y. IR 123 1583

£ foecoiis

CIT, conventional identification technique: GNR, Gram-negative rods; GNRcc, Gram>negative rods coccobacilli; GPR, Gram*positive rod$; GPCc, Gram-positive cocci in clusters;
GPCpch. Gram-positive cocci in pairs and diains: Y. yes; N. no; WC with caution: NA. not applicable: IR. incompléte resuit.

C brakli. Guoboaer brakJi: C freundi, Gt/oboaer fnundt, C per”~nfens, Oostridium

£ cofi. coi; £ fbecois, Enterococois foKaSs; H. influenzoe, Hoemophikis

influenzaei K. pwumoniot, Kitbsielks pneumonice: L loctn, Loctococcus Joctir, M. morgoni, MorganeKo morAmr; P. otrvpnoso, Pseudomonos oeruginoso: S. oureus, StophyUxoccus oureus;

tophyhcoceu:

S. coprtK, copfts; S
omonos ahofilitr, S. mita, Streptococcus mitis.

, S. h

S. hominis, hominis: S. Stenotroph-

Homogeneity: number of successive matches identicai to the first one: iog: différence becween the score of the first match and the first discrepancy.

*RMI was performed on two positive blood culture botdes for this patient
‘~ih ider appeared

unit where blood cultures were collected on the utility of the

RMI were aiso determined.

Statistical analysis

The times needed to obtain the RMI and conventional
identification results were evaluated and compared using
non-parametric Mann-Whitney-Wllcoxon test. A Fisher's
exact test was used to compare the proportion of RMIs that
led to an altered treatment at each institution.

We also used Fisher's exact test to détermine whether the
RMI had a higher or lower impact on particular patient
populations; a lower impact could be expected in medical units
where clinicians routinely monitor infeaious diseases (e.g.

patients from intensive care units and stérile units).

©2013 The Authors

in the ten matches. with acceptable score values.

Results

Rapid microbial identifications

During the study period, positive blood cultures from 243
patients were included, and 277 RMIs were performed (see
Supplementary material, Table St).

Based on the cut-off criteria, 61.01% and 38.99% of RMIs
(169/277, 108/277) were classified as ‘reliable’ and ‘unreliable’,
respectively [14]. The medical
71.12% of ail RMIs (197/277) to the IDS. AH of the bacterial
RMls transmitted to the IDS are presented in Tables 1, 2 and 3

microbiologist transmitted

and in Fig. 2. An RMI suggesting a Candida krusei fungaemia was

Clinical Microbiology and Infection ©2013 Européen Socie” of Clinical Microbioiogy and Infectious Oiseases, CMI
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FIG. 2. Description of the rapid microbial identification (RMI) dassification.
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TABLE 4. Clinical context and description of cases for whom the Gram resuit led to a modification of the empirical antimicrobial

treatment (n - 34)

Treatment
Current modification
Gram antibiotic Clinical according to
N» staining RMI resuit CcIT treatment context the IDS survey Comment
Saint-Pierre University Hospital
Adults
119 GNR Proteus mirabilis  P. mirobilis 0 Septic shock <UTI AMC addition Community acquired UTI
98  GPCc Stophylococais 5. oureus 0 Dyspnoea. dialysis Vancomycin Suspicion of CNS infection
QuITUS addition in a patient vrith multiple
or permanent cathéters
38 GNR Escherkbio cali £ coli AMC Pyelonenritis ShHt to temocillin Hospital acquired
pyelonephritis
44 GPCpch+GNR  Emerococajs £ foecoks PTZ Shock of Vancomycin and To cover £ faecium and
foecol'e C freundii unknown origin metronidazole Bocteroides sp.
atrobocter addition
firunaii
258  GNR £ cof £ coB 0 un Temocillin £ coE previousiy found in
addition urine sample
273 GNR £ coE £ cofi Levofloxacin  Mediastinitis Shift to PTZ Hospital acquired infection,
+ oxacillin post cardiac broader antimicrobial
surgery + UTI spectrum
214  GNR £ coE £ coli AMC Septic shock, Shifi to PTZ Severe infection, broader
angiocholitis antimicrobial spectrum
97  GNR Campylobacter Campylobacter sp. PTZ Diarrhoea Shift to According to guidelines
Campylobacter  fétus clarithromycin
suspecied
106 GPCc CNs CNS AmMC Pulmonary infection Shift to PTZ Treatment modificacion
probably explained by the
clinical context more than
che Gram resuit
211 GNR Klebsiella K. pneumoniae 0 Septic shock, PTZ addition Hospital acquired Infection,
pneumoniae Ixain tumour broad antimicrobial spectrum
42 GPCpch Streptococeus S. pneumotiiae o Pulmonary infection AMC addition S. prjeumonr<M highiy
pneumoniae suspected
55 GNR salmoneth sp. s. paratyphi o Salmoneilosis L ) highiy
addition according to guidelines
Paedlatries
150 GNR Salmonella sp. SoffnoneEo sp. 0 Diarrhoea, fever Ceftriaxon So/moneEo highiy suspected.
and nausea addition according to guidelines
(for paediatric patient)
159 s. pi Bronchiolrtis, fever Stop ampicillin Pulmonary origin suspected
ehermophiius + cefooxime
246 GPCpch Streptoco«u$ S. pyogenes Temocillin un Shift to Pulmonary origin suspected
pyogenes cefotaxim
45  GNR £ cofi £ coli Ampicillin uTI Stop ampicillin Because of the high ampicillin
cefoiaxime résistance in GNR
120 GPCpch S pneumoniae S. pneumoniae AMC Suspicion of Shift to intravenous  According to guidelines
ethmoiditis administration
Jules Bordet Instimte
% GPCe Staphyhcoccus s. epidermidis 0 Lymphoma Vancomycin Suspicion of CNS infection
erermklis addition in a patient with a
permanent cathéter
180 GPCpch £ faecalis £ foecolis Temocillin Endometnal cancer, PTZ addition Génital origin suspected.
pyelonephrhis. fever broader antimicrobial
197 GPCpch £ foecaBs £ faecalis 0 Abdominal surgery PTZ and AMominal origin suspected,
vancomycin broad antimicrobial spectrum
addition
161 GPCc s. epidermidis S. epidermidis Cefepim Acute i i of CNS infection
neutropenia addition in a patient with multiple
or permanent cathéters
267 GPCc s. epidermidis s. epidermidis 0 Meduillary grafe, Vancomycin Suspicion of CNS infection
Syscematic blood addition in a patient vnth multiple
culture collection or permanent cathéters
for patients receiving
high doses
of corticosteroids
261 GNR Stenotrapftomonos . moltophiiio o Intestinal disease PTZ addition Abdominal origin suspected.
moltophiUa + Ochrobactrum sp. broad antimicrobial spectrum
262 GNR Enterobacter £ doacoe o Cholangiocarcinoma PTZ addition Abdominal origin suspected.
doacoe broad antimicrobial spectrum
250 GNR £ cofi £ cofi Meropenem Septic shock <UTI Shift to PTZ £ cot susceptible to PTZ
previousiy found in clinical
samples
215 GPCpch Streptococeus S. onginosus Oxacillin Eam, Nose and Shift to Better cellular pénétration
anginosus Throat neoplasy moxifloxacin
184 GPCe Kytococcus Mkrococeus sp. Meropenem Acute leukaemia, Vancomycin Suspicion of CNS infection
sedentaiius neutropenia. fever addition in a patient with multiple
or permanent cathéters
GPCc+GPCpch 5. oureus S. QUITUS TZP Neutropenia, fever Vancomycin Suspicion of CNS infection
Streptococcus sp. addition in a patient with multiple

or permanent cathéters

©2013 The Auchors
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CMI Martiny et al.

Table 4 (Cont/nued)

Current
Gram antibiotic
N® staining RMI resuit CcIT treatment
an GNR K pneumoniae K. pneumoniae 0
146 GPCc ~ epidermidis 5. epidermidis 0
101 GNR-KaPCc £ oS £ coli Cefepim
StrepukOCCus
mitn/oroBs
90 GNR Acinetoboaer Adnetobacter lowfii AMC
genomospedes
70 GNR E coll £ coli o
73 GPCc Staphylococcus S. hominis o

hominis

Impact of MALDI-TOF MS identification from blood cultures 9

Treatment
modification
according to
the IDS survey

Clinical

context Comment

Ear, Nose and PTZ and amikacin  P. oeruginoso vras suspected

Throat neoplasy addition in an infected wound
Systemaclc blood culture  Vancomycin Suspicion of CNS infection in
collection for patients addition a patient vrich multiple or

receiving high doses permanent cathéters
of corticosteroids

Acute ieukaemia, Vancomycin Suspicion of CNS infection in
neutropenia addition a patient with multiple or

permanent cathéters
Because of the high AMC
résistance In GNR

Hepatic disease. lever PTZ+amikacin

Acute leukaemia, Meropenem Hospital acquired infection in
septic shock addition a patient in steHle unit
MD Vancomycin Suspicion of CNS infection in
addition a patient vnth multiple or

permanent cathéters

CTI. conventional identification technique; CNS. central nervous System: PTZ,

aiso transmitted to che IDS, with caution because of a poor
score value (see Table SI, patient no. 174).

The RMIs that were not transmitted (28.88%, 80/277)
included five reliable RMIs that were erroneously not trans-
mitted by the medical microbiologist (oversight) and 75
unreiiable RMls.

Among the unreiiable RMls, 30.56% were nevertheless
transmitted to the IDS, with caution (33/108; Fig. 2). These
RMIs showed high levels of homogeneity in the ten identifi-
cation matches, had good score values but ~iled to meet the
0.3 log différence criterion (a différence of at least 0.3 between
the best match and the first discrepant match was required) or
were partially informative (genus information or suspicion of
‘coagulase-negative’ Stophy/ococcus). The decision to transmit
data based on unreiilable RMIs was made by the medical
microbiologist according to his expérience.

Among the 197 transmitted RMIs (164 + 33), 88.32% were
confirmed by the culture-based identification methods (174/
197), 4.06% (8/197) showed erroneous identifications (six
RMIs transmitted with caution, one Acinetobocter sp.—RMI no.
90—and one Stophy/ococcus epidermidis identified as Staphylo-
coccus hominis that most likely resulted from contamination
with cutaneous flora). The remaining 7.61% (15/197) were
RMIs based on mixed cultures; for eight of them, the Gram
staining suggested the presence of several organisms, and for
ail of them, at least one microorganism remained undetected
using the RMI technique. The RMIs for the mixed cultures are

presented in Table 3.

Prospective analysis
The transmitted RMIs corresponded to 40 paediatric and 90
aduit patients from Saint-Pierre and 67 patients from Jules

Bordet. The survey showed that the Gram staining results led

11 AMC ulanic acid; 10S, infectious disease spécialise

to a modification of the patient’s treatment in 17.26% of cases
(34/197. see Table 4).

AH clinical data for patients who benefited from the RMIs
according to our survey (confirmation of contamination
excluded, n ~ 29) are presented in Table 5.

Of the aduit patients, the RMIs led to a modification of the
empirical treatment in 11.11% (10/90) and 14.93% (10/67) of
cases according to the IDSs of Saint-Pierre and Jules Bordet,
respectively (p 0.48).

For aduit patients at Saint-Pierre, the modification of the
empirical treatment consisted of the addition of a new drug in
80% (8/10). AtJules Bordet the RMIs led to the addition of a
new drug in only 20% of cases (2/10), the cessation of
treatment in 20% of cases (2/10) and changes in the
antimicrobial treatment regimen in 30% of cases (3/10); in
addition, the RMIs prevented the initiation of useless treat-
ments In 30% of cases at this institution (3/10).

In the paediatric population, che IDSs reported a modifica-
tion of the empirical treatment (escalation) in only 2.50% of
cases (1/40).

According to the survey, 37.5% of the RMIs (15/40) for the
paediatric population allowed for the rapid confirmation of
In 73.3% of those RMIs (11/15), the RMI

highiighted che presence of a coagulase-negative Staphylococcus

contamination.

but a blood infection was excluded in ail cases because blood
cultures were colleaed at the paediatric emergency départ-
ment and none of these patients had either cathéters or other
medical devices. The RMI confirmed contamination for only
11.11% (10/90) and 5.97% (4/67) of aduit patients from Saint-
Pierre and Jules Bordet, respectively (see Supplementary
material. Table 52). The confirmation of contaminated sam-
ples never led to the modification of the antimicrobial

treatment

®2013 The Authors
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TABLE 5. Clinical context and description of cases for whom rapid microbial identification (RMI) showed a benefit either in

terms of antimicrobiaJd treatment or in ternis of general management of the patient (n = 29)
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For adult patients, the IDSs reported other benefits of RMI
for 4.44% and 7.46% of patients at Saint-Pierre and Jules
Bordet, respectivel/. Such benefits included requests for new
blood cultures (n = 2), removal or control of cathéters
(n = 4), additional medical Investigations (n = 3) and resolving
confusion over the samples of two patients (n = I); as

presented in Table 5.

Rétrospective analysis
Compliance with IDS recommendations, according to the IDS
and pharmacy data, is presented in Table 5.

For recommendations regarding the patients at Saint-Pierre
(n = 15), the pharmacy data suggested that the recommended
treatment adaptations were implemented in 9/10 cases before
the results of the conventional methods were available. Several
discrepancies were observed between the IDS and pharmacy
data that may be partially explained by the iack of information
in the billing, medical and nursing files.

The IDSs aiso highiighted an eleventh case not detected by
the survey In which the RMI led to the rapid adaptation of the
treatment regimen.

For recommendations regarding the patients atJules Bordet
(n = 14), with the exception of one patient, the IDS confirmed
that ail recommendations were respected and that ail treat-
ment modifications were implemented the same day as the
RMI results became available.

The médian times required to obtain an identification resuit
from both the RMI and the conventional methods were
evaluated using 178 of the 197 transmitted RMIs (19 were
excluded because of missing data) and found to be | h 35 min
(95 min; minimum-maximum: 15-596 min) and 25 h 43 min
(1543 min, 1021-10499 min), respectively. This différence was
statistically significant (p <0.001) (see Supplementary material.
Table S3).

The delay between the transmission of the RMI to ~e IDS
and the administration of the modified treatment was >4 h in
50% of the cases (4/8, two incompléte or missing data. Table 5).

The Ftsher's exact test showed no significant différence in
the impact of the RMI according to the medical unit where the

samples were collected (see Supplementary material, Fig. S2).

Discussion

MALDI-TOF MS has emerged as a promising tool for the rapid
identification of organisms from positive blood cultures [13-
15]. Numerous strategies were evaluated to optimize RMI
from positive blood cultures. A previous évaluation showed
that our RMI protocol was able to correctiy identify 73.7% of

the blood culture bacteria at the species level in <| h [14]. The

Impact of MALDI-TOF MS identification from blood cultures 1

inclusion of a higher proportion of Gram-positive bacteria that
are usually less successfully Identified by MALDI-TOF MS RMI
techniques may explain the lower rate of successfui identifi-
cations observed in the présent study (61.01% vs 73.7%).

To date, the clinical impact of this type of RMI has been
poorly investigated [16].

The major strength of our study is the prospective
collection of data that led to similar observations for two
medical institutions treating different patient populations.

Our results suggest that MALDI-TOF MS may hasten the
modification of empirical treatment regimens in 13.38% of
cases in the adult population (21/157). The same proportion
of treatment regimens were altered (p 0.64) at both Saint-
Pierre (11/90, 12.22%, including the eleventh case, which was
highiighted during the rétrospective analysis) and Jules Bordet
(10/67, 14.93%). A recent study by Stoneking et al. [18] that
retrospectively evaluated the effect of more rapid microor-
ganism identification in bacteraemic emergency department
patients suggests that the empirical therapy would remain
unchanged in only 23% of cases; the remaining 21.3% and
55.7% of patients would receive treatment with an additional
antibiotic for organisms not covered by the initial regimen or
the adjustment of the regimen to reduce the spectrum of the
antibiotics, respeaively. Applying the same analysis (excluding
contaminated blood cultures and missing data) to adult
patients at Saint-Pierre, 78.95% of treatments would remain
unchanged. In our study, the proportion of patients who were
infected witii pathogens not affected by the initial antibiotic
regimen was in agreement with the number reported by
Heenen et al. [19] in their study of de-escalation in a medico-
surgical intensive care unit (16%). We first thought that the
high rate of unchanged treatments in our study could be
explained by the ~ct that two-thirds of the patients were
hospitalized and received treatment that was based on
previous positive samples other than blood cultures. How-
ever, the medical unit where the blood -cultures were
collected did not seem to affect the proportion of treatment
modifications in our study. The différence may therefore be
explained by the implémentation of antimicrobial stewardship
programmes in both the Saint-Pierre and Jules Bordet medical
centres.

In the Jules Bordet patient population, most modifications of
the antimicrobial treatment regimens due to the RMI involved
de-escalation. In contrast, most modifications at Saint-Pierre
involved treatment escalation. This différence can most likely
be explained by the spécifie population of the Jules Bordet
fecility, which manages only cancer patients. For such patients,
IDSs are confronted with known clinical présentations and
must follow rational schemes. Broad-spectrum antibiotics are

also most likely to be used in this population.

®2013 The Authors
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In both medical centres, the RMI of Enterococcus species and
~ehemolytic streptococci was responsible for 30% of the
modifications of the antimicrobial treatment, which suggests
that performing RMI on positive blood cultures showing
Gram-positive cocci in pairs or chains may be of interest
despite the known limitations of the MALDI-TOF MS
technique (no discrimination of Streptococcus mitis/oralis from
Streptococcus pneumon/oe).

In the oncological population, the confirmation/exclusion of
non-fermenting Gram-negative rod involvement Nvas aiso
responsible for 30% of the observed modifications in the
antimicrobial treatment. confirming the previous results of
Clerc et al. [20], who hinlighted the great benefit of the RMI
on the clinical management of patients infected with Gram-
negative bacteria.

For paediatric patients, MALDI-TOF MS was especially
usefui for the rapid confirmation of contaminated blood
cultures (37.5%). However, these observations never led to a
de-escalation of the antimicrobial treatment As previousiy
suggested. fitilure to follow the IDSs’ recommendations may be
a resuit of physicians’ réluctance to modify treatment in
patients who are improving [3].

In our study, most changes to the treatment regimen were
made before the genus and/or species identification results
provided by the conventional methods were avallable. This
high level of compliance certainly results from the design ofthe
study; téléphoné calls, which allow for a two-way exchange,
considerably improved the communication between microbi-
ologists and IDSs [3]. Additionally. it is well known that the
implémentation of multidisciplinary teams is of major impor-
tance for the optimization of antibiotic therapy in clinical
settings [21]. However, the delay for the administration of a
modified treatment was high (>4 h in 50% of cases), and the
communication between other heaith professionals involved in
the antimicrobial treatment administration process (clinicians,
nurses, pharmacists) should therefore be improved in our
institution. Major Improvements of our electronic prescriblng
System and of the delivery of urgent antimicrobial agents are
also awaited. This point will be addressed to our antimicrobial
stewardship team members who are particularly skilful at
improving such processes.

With a decrease of 26.85 h in the time required for
identification and a 13.38% increase in the proportion of patients
receiving an appropriate antimicrobial treatment 24 h after the
positive blood culture, our results are in perfect agreement with
those presented in the recent publication of Vlek et al. [22]
(28.8 h. 11.3%). The major différence between their study and
the présent study is the study design: Vlek et al. compared a
‘standard care’ group with an ‘intervention’ group, whereas we

opted for a blinded prospective analysis ofa single patient group.

®2013 The Authors

CMI

Although it may not aiways lead to the modification of the
treatment regimen, RMI plays an important—and unfortu-
nately difficult to quantify—rdle In the global management of
the patient The confirmation of a contaminant is of particular
interest for non-hospitalized patients and can heip to avoid the
administration of unnecessary antibiotics. On the other hand,
the confirmation of a catheter-related infection—usually made
by ‘time-to-positivity’ détermination—"will allow for the rapid
removal of infected devices and can help to prevent further
infections. The détection of particular organisms may aiso
allow the clinician to identify the origin of the sepsis and
therefore contribute to cost-saving measures.

From a financial point of view, performing RMI requires an
additional cost, primarlly because of the need for additional
staff and an adapted workfiow. In addition, the use of
conventional identification methods is still needed to résolve
cases of mixed cultures or unreiiable RMIs.

Because ofthese practical considérations and because a case-
by-case sélection of which RMI to perform in collaboration with
the IDS would probably slow down the analytical workfiow, we
decided to perform the analysis only twice dally, which seems to
be the most efficient option for our laboratory. The optimization
of the technique, including automation, should lessen the
financial impact of the technique in the future.

Our study has several limitations. First, the analysis of the
pharmacy data highiighted the difficulty in IdentHying accurate
indicators and revealed discrepancies between the billing,
medical and nursing files. At our institution, improvements in
computerization in the near future will most likely improve
data handling [23]. Second, the observations presented in this
study are only valid for similar organizations. Indeed, a higher
clinical impact might be observed in institutions where the
laboratory and pharmacy are open 24 h per day and an IDS is
on site at ail times. Both Saint-Pierre and Jules Bordet have
antimicrobial stewardship programmes and numerous IDSs.
These factors might explain a high rate of appropriate
empirical treatment and the rapid adaptation of antimicrobial
thérapies because of frequent re-evaluation$. Medical institu-
tions without IDSs would most likely receive a greater benefit
from RMI. The benefit of the RMI could aiso be different in
institutions dealing with a high proportion of antimicrobial-
resistant bacteria (e.g. methicillin-resistant S. aureus or
extended spectrum j9-lactamase producers), which is currently

not the case in our hospitals.

Conclusion

In an adult population, 13.38% ofthe MALDI-TOF MS RMIs from

positive blood cultures resulted in the ~“ter adaptation of the

Clinical Microbiology and Infection ©2013 European Society of Clinical Microbiology and Infectious Diseases, CMI
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antimicrobial treatment regimen. The technique is also able to
rapidly confirm contamination, especiall/ in the paediatric
population (37.5%), and i$ able to hasten xhe removal of infected
cathéters and suggest complementary diagnostic investigations.
Despite the increased costfor the laboratory, RMI analyses are
routinely performed twice daily in our laboratory. However, the
use of RMI should not be considered uniess there is efficient

communication between heaith professionals.
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Abstract The mutualisation of analytical platforms might be
used to address rising Healthcare costs. Our study aimed to
evaluate the feasibility of networking a unique matrix-assisted
laser desorption/ionisation time-of-flight mass spectrometry
(MALDI-TOF MS) System for common use in several uni-
versity hospitals in Brussels, Belgium. During a one-month
period, 1,055 successive bacterial isolates 6om the Bmgmann
University Hospital were identified on-site using conventional
techniques; these same isolates were also identified using a
MALDI-TOF MS System at the Porte de Hal Laboratory by
sending target plates and identification projects via transpor-
tation and the INFECTIO MALDI software (Infopartner,
Nancy, France), respectively. The occurrence of transmission
problems (<2 %) and human errors (<1 %) suggested that the
System was sufficiently robust to be implemented in a net-
work. With a médian time-to-identification of5 h and 11 min
(78 min, min-max: 154—547), MALDI-TOF MS networking
aiways provided a faster identification resuit than convention-
al techniques, except when chromogenic culture media and
oxidase tests were used (p<0.0001). However, the limited
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clinical benefits of the chromogenic culture media do not
support their extra cost. Our financial analysis also suggested
that MALDI-TOF MS netwoiking could lead to substantial
annual cost savings. MALDI-TOF MS networking présents
many advantages, and few conventional techniques (optochin
and oxidase tests) are required to ensure the same quality in
patient care ftom the distant laboratory. Nevertheless, such
networking should not be considered unless there is a
réorganisation ofworkflow, efficient communication between
teams, qualitied technologists and a reliable IT department
and helpdesk to manage potential connectivity problems.

Introduction

The introduction of matrix-assisted laser desorption/ionisation
time-of-flight mass spectrometry (MALDI-TOF MS) as a new
tool for bacterial identification constitutes a major révolution
ofthe21stcentury inthefield ofmicrobiology [1,2]. Sinceits
first commercialisation in the mid-2000s, the capabilities of
this technology have been widely evaluated, and authors seem
to agréé that it will soon replace most conventional identifi-
cation techniques and may often be an efficient alternative to
expensive molecular techniques, including polymerase chain
reaction (PCR) or sequencing [3-6]. The major advantages of
MALDI-TOF MS compared with conventional identification
techniques include its ease of use, the small amount of bio-
logical material needed (only a loopftrl of cells is required to
préparé the deposit), the execution speed and low time-to-
identification delay, its low reagent cost and its high efificien-
cy, which may still be improved by updating the databases
[1,7, 8]. Most studies evaluating the MALDI-TOF MS tech-
nology compared with biochemical or molecular tests also
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demonstrate its cost-effectiveness [2, 8-10]. Today, the
rationalisation ofhealth costs requires major changes in hospi-
tal organisation and the development of strategies for laborato-
ry cost containmenL In Europe, large centralised clinical labo-
ratories (CLs) usually organised in one central platform and one
or several distant laboratories (DLs) that address urgent analy-
ses are now being developed [11-14], These centralisations
require technique harmonisation, automation and accréditation.
In addition, the distance between sites sbould not alter tbe
clinical management of patients or impede the détection of
microbial spread. Because of its numerous advantages,
MALDI-TOF MS appears to meet these requirements and is,
therefore, a good candidate for the délocalisation of bacterial
identification in the context of pooled analytical platforms.

Thus, our study aimed to evaluate the feasibility of
performing delocalised bacterial identification fiom one site
to another fiom financial and organisational points ofview in
a Belgian laboratory networic in Brussels using MALDI-TOF
MS technology.

Materials and methods
Location

This study took place at the iris Brussels public hospitals
network in both the Porte de Hal Laboratory (CL), which is
located at the Saint-Pierre University Hospital, and the labo-
ratory of the Brugmann University Hospital (DL). The DL
performs microbiological analysis for both the Bragmann
University Hospital and Queen Fabiola Children’s
University Hospital. The laboratories are located 7.5 km fiom
each olher and have recently been combined into a unique
analytical platform called iris-Lab.

Organisation

From February 12th, 2013 to March 13th, 2013, ail aérobic
bacteria isolated fiom human samples at the DL were identi-
fied using conventional identification techniques, and ail sam-
ples at the CL were identified with MALDI-TOF MS.
According to known limitations of MALDI-TOF MS,
suspected Streplococcus pneumoniae were systematically ex-
cluded. Prepared target plates were sent fiom the DL to the CL
using the current available transports between sites, and iden-
tification projects and results were transmitted through the
rNFECTIO_MALDI software (Infopartner, Nancy, France).
During weekdays, nine retum trips between sites were aiready
scheduled, fiom 08:00 am to 05:00 pm, for the transportation
ofclinical samples. Such transport between sites represents a
cost of about 165 € daily.

N Springer
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INFECTIO_MALDI

INFECnO_MALDI software, presented in Fig. 1, was used
to create identification projects at every workstation at the DL
and send the projects to the MALDI Biotyper System (Broker
Daltonics, Bremen, Germany) located at the CL. After acqui-
sition in the Microflex LT System (Broker Daltonics, Bremen,
Germany) at the CL, ail identification results were transmitted
to INFECTIO MALDI at the DL. The identification results
were then available for technical validation by the technolo-
gisL The software shows ail relevant information (e.g. the ten
best identification matches, score values, historical results
etc.), and validated résulte may subsequently be sent to the
LIS and/or AST instrumente. To avoid interférence with the
clinical laboratory organisation, MALDI-TOF MS résulte
were not transmitted to the LIS instrument during the study
period; instead, ail data were retained in INFECTIO_MALDI,
which offers a fiill traceability systerru Based on catalogue
prices, the classical version ofthe software représente an extra
cost of 9,000 € for each laboratory, as well as maintenance
coste of 800 € per site and per year.

MALDI-TOF MS analysis

At the DL, each bacterial saraple was smeared twice on a
target plate and then covered with 1 pL of a-cyano-4-
hydroxycirmamic acid (CHCA) matrix solution. After drying,
the target plate was sent to the CL. At the CL, the target plate
was loaded into the machine, which was equipped with a 337-
nm nitrogen laser. The spectra were recorded on a Microflex
LT System in linear mode with a mass range of2 to 20 kDa and
subsequendy analysed using MALDI Biotyper Automation
Control and Biotyper 3.0 software. At that time, the database
(v3.1.2.0) included 3,995 spectra. Identification résulte were
classified as reliable or unreliable according to the manufac-
turer's recommended cut-offvalues of 1.7 and 2 for validated
results for the genus and species levels, respectively. Reliable
results with “B” or “C” additional criteria, which are indica-
tive ofgenus consistency and ofno consistency, respectively,
were considered individually and reclassified as reliable or
umeliable by the medical microbiologist according to his/her
expérience.

Conventional identification techniques

Conventional identification techniques used at the DL in-
cluded the Vitek semi-automated identification System and
the évaluation of growth requirements, biochemical and
spécifie agglutination tests, and chromogenic culture media
for urine samples.
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Training of DL technologisis to smear bacteria on the target plates
Each technologist was responsible for its deposits and identification
projects

Validation of the results is performed on site

Transmission
of projects

Transmission
of results

Target plates arriving at the CL arc treated as soon as possible
according to the analytical workflow

Identification projects corresponding to the target plates are imported in
the MALDI Biotyper

Technologists and medical microbiologists are not responsible for the
validation of the identification results

Fig. 1 Study organisation including the use ofthe INFECT10_MALD1 software for projects and results transmission between the distant laboratory

(DL) and the clinical laboratory (CL)

Organisational impact évaluation

Several indicators were chosen to evaluate the best workflow
for both laboratories. Dysfimctions related to the technique,
software or network were systematically registered, along
with ail data related to transport and delays.

For each isolate, the delay between the isolation time
(pure colony) and identification time, called the “time-to-
identification” (T 1 I), was determined for both the convention-
al and MALDI-TOF MS techniques, and defined as the delay
between the isolation of the bacteria and identification resuit
confirmation/availability in LIS/INFECTIO_MALDI, respec-
tively. AU discrepancies between the conventional and
MALDI-TOF MS results were also investigated.

Financial impact évaluation

The identification cost was evaluated for each technique based
on bacterial species isolated at least 50 times in 2012 accord-
ing to the fiequency oftheir isolation during the same period.
Reagent costs were evaluated for each technique and, for each
bacterial species, the proportion of each conventional tech-
nique used for its identification was introduced in the calcu-
lation. Three scénarios were considered for the DL: continue
with conventional identification techniques, purchase of a
MALDI-TOF MS System or sharing the CL MALDI-TOF
MS System. For each scénario, the identification cost was

evaluated considering a theoretical dépréciation ofthe System
over 5 years. Conventional analysers were considered depre-
ciated (mainly Vitek Systems), and the Microflex LT ofthe CL
had been in use for 2 years. Technologist times were consid-
érai to be the same for MALDI-TOF MS and conventional
techniques and were, therefore, neglected, along with trans-
portation costs. Maintenance costs for equipment and
computerisation (INFECTIO_MALDI) were also taken into
account, as well as a potential laser replacement (the theoret-
ical life expectancy of the laser was about 240,000
identifications).

Statistical analysis

The non-parametric Wilcoxon signed-rank test was used to
compare the TTI observed for both the conventional and
MALDI-TOF MS identification techniques.

Results

During the study period, 1,055 bacterial isolates fix)ym samples
of720 patients, 78.9 % ofwhich were adult patients (568/720)
and 65.1 % were female (469/720), were identified using
conventional and MALDI-TOF MS techniques in parallel
(see supplementary material).
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Table 1 Répartition ofthe bacterial isolates as pathogenic or commensal and classification ofthe matrix-assisted laser desoiption/ionisation time-of-
flight mass spectrometry (MALDI-TOF MS) results as reliable or unreliable according to lhe workstation

Urinary tract ~ SSI, fluidsand  Faeces Respiratory Génital Screenings Blood Total
stérile sites tract tract cultures
Pathogenic Unreliable  87(19.5%)  26(16.3 %) 1 (0.7 %) 20(15.9%) 34 (47.2 %) 5 (9.3 %) 11 (234 %) 184
Reliable 354 (79.4%) 133 (83.1 %) 22(14.7%) 101 (80.2 %) 33 (45.8 %) 48 (88.9 %) 36 (76.6 %) 727
Commensal flora  Unreliable 1 (0.2 %) 0 43 (28.7 %) O 4 (5.6 %) 0 0 48
Reliable 4 (0.9 %) 1 (0.6 %) 84 (56 %) 5 (4.0 %) 1 (1.4%) 1 (1.9%) 0 96
Total 446 160 150 126 72 54 47 1,055

Samples and identifications

The origin of the samples and classification of isolates
as pathogenic or commensal is presented in Table I.
The correspondence between the pathogens isolated dur-
ing the study period and the pathogens isolated during
2012 in the same laboratory is presented in Fig. 2. The
nine most frequently isolated pathogens, which represent
more than 84.5 % of species isolated in 2012, were the
same in both panels.

Among the 1,055 MALDI-TOF MS identifications,
78.0 % were classified as reliable according to the
recommended cut-off criteria (823/1,055; Table 1).
Among the 232 unreliable identifications, 88.4 % result-
ed ffom a poor quality deposit or a technical problem
(205/232, “no peak found”). Other unreliable identifica-
tions (27/232) were associated with poor score values
(<2). Bacterial species that frequently led to unreliable

results included Staphylococcus saprophyticus (9/9),
Klebsiella oxytoca (5/8) and Streptococcus agalactiae
(41/81), among others. However, the rate of unreliable
results tended to decrease over time, which was expect-
ed, as it has been demonstrated that the quality of
MALDI-TOF MS deposits improves with the operator’s
expérience [2, 15].

In six cases (6/1,055, 0.57 %), the MALDI-TOF MS
and conventional identification techniques led to discrep-
ant results. In one case, the discrepancy resulted from an
inconsistency in the bacterial colonies taken to perform
both techniques; in two cases, additional tests concluded
that the MALDI-TOF MS provided the correct identifica-
tion resuit; in the three remaining cases, MALDI-TOF MS
showed a poor discrimination of Aeromonas species iso-
lated ffom stool samples, which is a known limitation of
the technique that does not impact on the clinical man-
agement of the patient.

Fig. 2 Conelation between bacterial species isolated during tbe study period and those isolated during the year 2012. Only species that were isolated at

least 50 rimes in 2012 were considered

© Springer
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Organisational aspects

During the study period, we observed a mean of2.5 projects, 2
taigets and 54.3 identifications per day. The workflow was
sequenced in four steps, as presented in Fig. 3. AU projects
and targets were prepared and ready to be tiansported before
2:00 pm. The médian transport delay was 1 h and 4 min. Ail
identification results were available to the technologist of the
DL on the day of isolation. In 85 % of cases, identification
results were available before 3:30 pm.

Two types of dysfimctions were observed. First, human
eiTors were noticed in sut cases: in one case, the labels oftwo
patients were inverted when creating the project (0.2 %), and
in another five cases, the identification résulte for both smears
of the same isolate led to different bacterial identifications
(0.5 %), suggesting that different colonies were picked up
for smearing onto the target plate. Second, part ofthe identi-
fication results (n =19, 1.8 %) was not transmitted into
INFECTIO MALDI because ofa transmission defect.

The médian TTI observed using the conventional and
MALDI-TOF MS techniques were 23 h and 12 min
(991 min, min-maximum: 0-5,873) and 5 h and 11 min
(78 min, min-max 154-547), respectively. Table 2 shows the
111 observed for each conventional technique and ils com-
parison with the TTI observed for the same bacterial isolate
identifications using MALDI-TOF MS. The MALDI-TOF
MS résulte were aiways available before those provided by
conventional techniques, except for bacteria isolated from
urine samples that were identified by the use of chromogenic
culture media and ot Pseudomonas aeruginosa, which is still
identified using the oxidase test (p<0.0001). As presented in
Table 2 and Fig. 4, the identification résulte provided by other
conventional techniques were usually available on the night of
or the day aller the bacterial isolation.

Financial aspects

The estimation ofthe yearly identification cost for each scé-
nario is presented in Table 3. The annual identification cost
using conventional techniques was 35,767 €. In contrast, the
annual identification cost was 21,219 and 39,771 € for a
shared MALDI-TOF MS System or new MALDI-TOF MS
System acquisition, respectively. Aller the dépréciation period,
these annual coste decreased to 5,883 € (from 2016) and 8,996
€ (from 2018), respectively.

Discussion

The trend towards the mutualisation of analytical platforms
requires rethinking the organisation of the routine microbiol-
ogy laboratory. In this context and thanks to ils numerous
advantages in terms of fmancial coste, efificiency and rapidity.

the MALDI-TOF MS technology appears to be a good can-
didate for bacterial identification délocalisation.

Despite the short study period, the nine most ftequently
isolated bacteria observed during this period was the same as
that observed for the entirety 0f2012, which suggests that our
panel was représentative oftypical clinical laboratory practice.
Moreover, these bacterial species represent more than 84 % of
ail bacteria isolated annually. The tenth most ftequently bac-
terial species isolated in 2012 was S. pneumoniae, which was
voluntarily excluded from our évaluation [16].

As previously suggested by Francis et al., the évaluation of
how réorganisation affecte the quality ofthe laboratory should
include five performance indicators: service standards, analyt-
ical quality, finances, productivity and personnel perspective
[12]. Because technologiste from the DL were not experienced
in performing MALDI-TOF MS analyses, we decided to
focus only on the first three indicators.

This lack oftraining may explain the high rate ofunreliable
MALDI-TOF MS résulte observed in our study (22 %, 88 %
ofwhichwere “no peak found” résulte). The préparation ofthe
smear is a limiting factor that may influence the acquisition of
the spectrum and quality ofthe identification resuit [17]. This
limitation, in combination with the dysfunction of our laser,
which was revealed by a higher proportion of unreliable
results at the CL, where technologiste are fully experienced
in preparing MALDI-TOF MS target plates, is a major bias in
our study. However, the analytical performance of MALDI-
TOF MS for bacterial identification in bacteriology laborato-
ries has been widely evaluated. Our results showed a rate of
correct species identification higher than 92 % in a clinical
laboratory setting [7].

From an organisational perspective, the
fNFECTIO_MALDI software is user-fiiendly. The software
allowed good connectivity between both laboratories and
made ail analytical information available for the DL team.
The rare transmission problems observed during the study
period (less than 2 % ofthe identification résulte) were imme-
diately solved by IT support. Human errors, including label
inversion, and erroneous deposite were aiso anecdotal (<1 %
of identifications), which suggests that the combination
INFECTIO_MALDI/MALDI-TOF MS is sufficiently robust
to be implemented in a network.

Though it is widely acknowledged that automation may
lead to workload and positions savings, MALDI-TOF MS
implémentation and networking did not, in our opinion, lead
to such savings [14].

Moreover, in terms of workflow, the networking of
MALDI-TOF MS requires communication and reactivity
from both teams to avoid loss ofthe benefits provided by this
technology. The CL team must be aware ofthe conséquences
ofany delay in the management ofthe target plates sent by the
DL team (insufficient time to perform conventional identifi-
cation in case ofan urueliable MALDI-TOF MS resuit or the
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Fig. 3 Timcframe oftbe four
distinct sequences ofthe
woikflow

08:26 am-01:36 pm
Th® Project was created
the DL

10:10 am-02:00 pm
The target was ready

identification resuit being provided too late to be considered
by the medical team). According to the DL activity, the best
scénario seemed to send a first target plate for urgent identi-
fications in the moming (at about 10:00 am to get identifica-
tion results in the early aftemoon), followed by a second target
plate in the early aftemoon (at about 01:00 pm) for less urgent
analysis. Of course, each laboratoiy should evaluate the best
option regarding its own activity and transport durations. Such
new organisation implies adaptations of the entire woikflow
that are now in progress at the DL: first, priority should be
given more than anything to isolates that requiie urgent iden-
tification (microorganisms isolated fiom blood cultures and
other precious clinical samples, suspicion of highly pathogen-
ic bacteria etc.) in order to benefit from the fiist MALDI-TOF
MS target plate transfer, secondly, antimicrobial susceptibility

EutJ Clin Microbiol Infect Dis

10:40 am-02:56 pm
The target artived at the CL

12:40 am-04:21 pm
Résulté were available
in the LIS at the DL

testing should now be performed in a second step, according
to the identification results; thirdly, examination ofthe agais
usually planned in the aftemoon should be performed as early
as possible in order to benefit from the second MALDI-TOF
MS target plate transfer; finally, clinicians and infections
diseases specialists should be informed that part of the iden-
tification results are now made available in the aftemoon.

In our situation, the management ofthe transports was easy
to implement, as nine retum trips between sites were already
scheduled daily for the transportation of clinical samples.
Several parameters should, nevertheless, be taken into account
when implementing such transports between distant sites: the
cost of the transport, the number of analyses to perform and
the number of target plates to be sent daily. For example, the
implémentation of transports between our CL and DL—for

Table 2 Comparison ofthe time-to-identification (TTI, h:min) using conventional and MALDI-TOF MS identification techniques

n Minimum 1St Quartile
TTI Vitek card 415 05:15 11:49
m MALDI-TOF MS 02:34 04:30
TTI Oxidase test 45 00:00 00:00
TTI MALDI-TOF MS 02:51 04:10
TTI Chromogenic culture media 175 00:00 00:00
TTI MALDI-TOF MS 03:22 04:03
TTI Agglutination+coagulase test 149 06:24 24:00
Tn MALDI-TOF MS 02:53 04:25
TTI Streptococcus agglutination 87 00:00 22:17
M MALDI-TOF MS 03:17 04:28
TTI API galery 14 06:01 22:47
M MALDI-TOF MS 02:54 03:53
TTI Hippurate hydrolysis 12 03:57 05:09
TTI MALDI-TOF MS 03:08 03:36
TTI Hl-enterotube 134 18:20 24:47
TTI MALDI-TOF MS 03:22 04:37
TTI1 X, Vand XV requirements 21 22:09 23:53
TTI MALDI-TOF MS 03:45 04:31
TTI Routine 1,055 00:00 08:22
Tn MALDI-TOF MS 02:34 04:27

N Springer

Médian  3rd Quartile Maximum Intenquartile range  Wilcoxon /?-value
22:18 24:26 97:53 12:36 <0.0001
05:10 05:56 08:11 01:26

00:01 00:01 04:51 00:01 <0.0001
05:00 05:37 08:02 01:27

00:01 00:01 06:11 00:01 <0.0001
04:54 05:42 08:03 01:38

24:02 25:13 38:50 01:13 <0.0001
05:22 05:55 09:07 01:30

23:44 25:31 73:49 03:13 <0.0001
05:02 05:53 07:26 01:24

26:07 27:19 70:59 04:31 <0.0001
04:12 05:29 06:22 01:36

06:49 22:42 25:01 17:33 0.0005
04:14 04:31 04:32 00:54

26:43 49:05 97:30 24:17 <0.0001
05:24 05:39 06:53 01:01

24:02 25:36 48:09 01:42 <0.0001
05:09 05:47 06:40 01:15

23:12 24:54 97:53 16:31 <0.0001
05:11 05:45 09:07 01:18
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Fig. 4 Médian time-to-
identification (TTI) and
interquartile ranges ofeach AN
identification technique

ANE o o

the MALDI-TOF MS networking only—"would have repre-
sented an extra cost of 0.70 € per identification, considering
two retum trips and 54 identifications daily. We assume that
the volume of analyses of the DL and the distance between
both laboratories are décisive factors ifthere is no pre-existing
transport between sites.

From a clinical perspective, MALDI-TOF MS netwoiking
should not alter patient management When compared with
conventional techniques, the MALDI-TOF MS System fre-
quently provided identification results rapidly. Thanks to the
short médian transport delay (1 h and 4 min), the médian TTI
using MALDI-TOF MS was 5 h and 11 min (78 min, min-
max: 154-547) versus 23 h and 12 min (991 min, min-max
0-5,873) when using conventional techniques (sub-cultures
were sometimes required in order to obtain enough biological
material). Moreover, the MALDI-TOF MS results were trans-
mitted in time to be used by the medical team (85 % before
15:30). In contrast, the Vitek cards used in 41.1 % of cases
provided results at night or the next moming. Most other
conventional techniques required an ovemight incubation.
According to our observations, the only conventional tech-
niques that could compete with the MALDI-TOF MS tech-
nique are chromogenic culture media (médian TTI 1 min; IQR
1 min, min-max: 0-371 min) and the oxidase test (médian
TTI 1 min; IQR 1 min, min-max: 0-291 min).

In a recent study. Tan et al. highlighted deficiencies of
previous financial studies comparing MALDI-TOF MS with
conventional identification techniques [8]. As suggested by
these authors, we considered the auxiliary costs and preva-
lence of each species encountered in our laboratory in com-
paring different scénarios. Moreover, we considered the pro-
portion of each conventional technique used to identify a

XV o XV

single bacterial species. For exaii®e, the annual cost of the
Escherichia coli identification using conventional techniques
is 9,251 €. This number considers the prevalence of the
identified E. coli in the DL in 2012 and the fact that 57 %
ofE. coli are identified using chromogenic culture media and
the remaining 43 % using Vitek cards.

From a financial perspective, our analysis ultimately sug-
gests that MALDI-TOF MS networking could lead to sub-
stantial annual cost savings when compared with routine
techniques: 14,548 € before dépréciation of the Microflex
and nearly 30,000 € annually starting in 2016. If the DL
décidés to buy a new MALDI-TOF MS System to replace
routine techniques, the annual cost savings (26,771 €) would
be effective in 2018; until then, the new System would represent
an annual extra cost of4,004 €. Buying a new MALDI-TOF
MS System instead ofsharing the CL MALDI-TOF MS System
represents, tiierefore, an annual extra cost of about 25,000 €
considering the dépréciation period of the new MALDI-TOF
MS System (5 years, 123,432 €).

When considering the species identification cost, it seems
obvious that the additional financial cost associated with the
use of chromogenic culture media may not be supporté by
clinical benefits. For example, the shift to using MALDI-TOF
MS to identily E. coli, which is the most common urinary
pathogen and is easily recognised on non-chromogenic culture
media, may resuit in an annual saving of more than 7,000 €.

We assume that, for urine samples, a preliminaiy resuit, such
as “probable E. colV\ could be provided until the MALDI-
TOF MS resuit is available. However, the fast resuit provided
by the oxidase test for the identification of P. Pseudomonas
aeruginosa is not associated with a high additional cost, and, in
our opinion, this test could remain a diagnostic tool for the DL.
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Table 3 Annuai financial évaluation including the three scénarios: continuing with conventional techniques, buying a new mass spectrometer or sharing the Microflex LT ofthe clinical laboratoiy (CL).
The évaluation considers bacterial species that were isolated at least 50 times in 2012 and takes into account their prevalence and the rate ofeach technique used for their identification

ID

Acmetobacter baumannii
complex
Aeromoms sp.

Campylobacter sp.
Citrobacter koseri
Citrobacterfreundii
Enterococaisfaecium
Enterococcusfaecalis
Enterobacter aerogenes
Enterobacter cloacae
Escherichia coli
Haemophilus influenzae
Klebsiella oxytoca
Klebsiella pneumoniae
Morganella morganii
Proteus mirabilis
Pseudomonas aeruginosa
Stenotrophomonas maltophilia
Serratia marcescetts
Staphylococcus atireus
Staphylococcus epidennidis
Staphylococcus hominis
Staphylococcus saprophyticus
Streptococcus agalactiae
Streptococcus pyogenes
Streptococcus pneumoniae
Total (/i)

Total (%)

2012

63

63
84
126
66
170
1,219
106
420
4,635
527
169
900
153
592
1,484
90
146
3,665
261
105
93
1,148
250
314
16.849
100

Rouline techniques (according to (he study)

Vitek

100 %

88%

100%
100%
87.5 %
100%
100%
100%
43 %

100%
100%
100%
59%
11 %
100%
100%
7%
100%
100%
80%
6%

6.927
4a4M %

CM

57 %

41 %

2,885
171 %

Oxidase Agglutination

89%

1321
78 %

94%
100%

1,329
79 %

Agglutination-~
coagulase

93 %

3,408
20.2%

Other

22 %
100%

125 %

100 %

20%

100
979
5.8 %

Routine

275 €

263 €
-€

551 €
289 €
757 €
5,330€
463 €
1,836 €
9,251 €
188€
717€
3935 €
669 €
1595 e
1.099€
393 €
638 6
4371 €
11416
463 €
325 €
888 6
1346
1946

Before dépréciation

New MALDI-
TOF MS

1496

1496
198 6
2976
156 6
4016
2,8776
2506
991 6
10,941 6
12446
399 6
2.1246
3616
1,3976
3,503 6
2126
3456
8,651 6
6166
248 6
2206
2,7106
590 6
741 €

35,767€ 39,771 6

MALDI-TOF MS
networking

796

706
1066
1596
836
2146
15356
1336
5296
5,8376
6646
2136
1,1336
1936
746 6
1,8696
1136
1846
4,6166
3296
1326
1176
1,446 6
3156
3956
21,2196

Aller dépréciation

New MALDI-TOF MALDI-TOF MS

MS (fitjm 2018)
396

406
536
796
416
106 6
763 6
666
2636
2,902 6
3306
1066
563 6
966
3716
929 6
56 6
916
2,2946
163 6
666
58 6
7196
1576
1976
8,996 6

networking (from 2016)

286

286
376
56 6
296
756
538 6
476
1856
2,0456
2336
756
397 6
68 6
261 6
655 6
406
646
16176
1156
46 6
416
507 6
1106
1396
5,883 6
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It is important to note that this financial évaluation is
limited to frequently isolated species and that less frequently
encountered and more difiicult to identify bacteria usually
require additional conventional and expensive molecular di-
agnostic tests. Therefore, the différence between identification
costs using conventional and MALDI-TOF MS techniques is
likely underestimated [18]. Indeed, the panel of pathogens that
may be identified by MALDI-TOF MS is much larger than
that provided by conventional identification techniques [19].
Moreover, the expansion of the MALDI-TOF MS database
will improve the performance of this System in the future.
However, the cost of conventional techniques in cases of
unreliable MALDI-TOF MS results, which is anticipated to
be approximately 5.6 % if excluding suspected S.
pneumoniae isolates [7], has not been taken into account In
our network, particular attention should be paid to the training
ofthe DL technologists. In the future, the MALDI-TOF MS
identification ofbacteria directly fiom positive blood culture
could also be implemented at the DL [20-25].

In a recent study, Humphreys et al. discussed the advan-
tages and disadvantages of both the “on-site” and “off-site”
laboratories [13]. In our opinion, MALDI-TOF MS network-
ing may provide some ofthe positive aspects ofboth the “on-
site” and “off-site™ situations, such as clinically relevant diag-
nostics, close contact between laboratories and clinics, inte-
grated service with other disciplines, rationalisation and cost-
effectiveness of the bacterial identification, automation and
focus on logistics and IT.

Conclusion

Matrix-assisted laser desorption/ionisation time-of-flight mass
spectrometry (MALDI-TOF MS) networking meets the
centralisation goals of clinical biology analyses and appears
to be a practical tool in the process of mutualisation of ana-
lytical platforms. Few conventional techniques are still re-
quired to ensure the same quality in the patient care in the
distant laboratory (DL), namely, optochin and oxidase tests.
Nevertheless, this networking should not be considered unless
there is an efficient réorganisation of the workflow, good
communication between laboratory teams, qualified
MALDI-TOF MS technologists and a reliable IT départaient
and helpdesk to manage potential connectivity problems.
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Campylobacter is the most frequent cause of bacterial enteritis
throughout Europe Qore et al.. 2010). This intestinal infection may
be followed by bacteremia (1.5 cases per 1000 intestinal infections)
and associated with the Guillain-Barré syndrome (1 case per 1000
infections) (Blaser and Engberg, 2008).

The mission of the National Reference Centre for Campylobacter is to
help microbiologists in identifying Campy/obacfer isolates and determin-
ing their antimicrobial susceptibility, butalso to evaluate new techniques
and give recommendations on the best analytical practices.

After having shown the limitations of traditionally used identifica-
tion methods for Campylobacter and having highlighted the useftilness
of the matrix-assisted laser desorption time-of-flight mass spectrome-
try (MALDI-TOF MS) for their identification, we evaluated the influence
of several growth conditions on the accuracy of the MALDI-TOF MS
Campylobaaer identification (Martiny etal.. 2011).

Five reference strains including 2 Campylobacter coli and 3
Campylobacter jejuni (covariate ‘species’) were cultured on five
culture media (covariate ‘medium’; Campy-BAP®, Becton Dlckinson.
Erembodegem. Belgium: Karmali® Thermo Fisher Scientific.
Erembodegem. Belgium; Butzler®, BioRad. Nazareth. Belgium;*

* Corresponding author at: Laboratoire de la Porte de Hal, 322 rue Haute. 1000 Brussels.
Belgium. Tel: -f-32 25354531: fax: +32 25354656.
E-mail address: delphine_martiny@stpierre-bru.be (D. Martiny).

0167-7012/$ - see front matter © 2013 Elsevier B.V. Ail rights reserved.
http://dx.doi.Org/1 0.1016/j.mimet.2013.06.018

Crowth conditions - including growth medium and incubation température - may influence the identification of
Campylobacter by MALDI-TOF MS.

For each bacterial species, medical microbiologists should be aware of such potential influences on spectral
data before analyzing and interpreting MALDI-TOF MS results.

© 2013 Elsevier B.V. Ail rights reserved.

Campylosel® and Columbia. bioMérieux. Marcy I'Etoile, France),
applying two températures (covariate ‘température’; 37 “C versus
42 “O and two Systems generating microaerobic conditions (covariate
‘atmosphére” Anoxomat® jars, Mart Microbiology, Drachten, The
Netherlands versus Binder CB150 incubators, VWR, Louvain. Belgium).
The antimicrobial compositions of each sélective medium were
as follows: Campy-BAP® amphotericin B 2.0 mg/L, cephalothin
15.0 mg/U trimethoprim 5.0 mg/L, vancomycin 10.0 mg/L, polymyx-
in B 2500,0 units/L; Karmali® cefoperazone 32 mg/L, vancomycin
20 mg/L, cycloheximide 100 mg/L; Butzler® cefoperazone. rifampicin,
amphotericin B and colistin. The manufacturers provided no infor-
mation regarding the concentration of the antimicrobial agents in-
cluded in the Butzler® medium and the antimicrobial composition
ofthe Campylosel® medium. The gaseous mbctures provided by the in-
cubator and Jars were 10% Co2-5% 02-85% N2 and 10% Co2-10% H2_80%
Nz. respectively.

The resulting one hundred bacterial cultures were examined at five
incubation times, from 24 to 120 h on an Axima® Assurance mass spec-
trometer (Shimadzu) according to manufacturées instructions and the
spectra were compared to both IVD (VITEK® MS, bioMérieux) and
RUO (SARAMIS, bioMérieux) databases.

A statistical model was built to investigate the effect of the growth
condition covariates on the probability ofcorrect bacterial species iden-
tification (P(cid)), taking into account the fact that, for each culture
plate, repeated measures were obtained at 5 consecutive time points.
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For this longitudinal analysis, we used generalized estimating équa-
tion (CEE) models with a positive identification as the binaiy outcome
variable, a logit link for the mean and an AR(1) corrélation structure
for the 5 repeated measurements on each plate, which were linked by
assigning a unique identifier (ID) to each plate. An initial model for the
probability ofa correct identification was postulated as follows:

logit(P(cid)) = a + fi, Tm + ™ Spec. + [ig Atm. + Medium

+Ps Temp. +3s Tm  Spec. + 3? Tm X Atm. )
-Hpg Tm X Medium 4- -~ Tm x Temp. + e

where a is the intercept, p's are the other model coefficients, e is the
enror term and Tm is the time in hours; this model assumes that ail
trends over time are linear on the logit scale (a quadratic time trend
was evaluated but not retained).

As we aim to evaluate ail covariates regarding their effect on
P(cid), ail covariates were included in this model regardiess of their
significance. However, we applied model sélection criteria when
expanding the model with two-covariate interactions. After forward
sélection (with inclusion criterion p ~ 0.05), two pairs of interaction
terms were retained, yielding the final model:

logit(P(cid)) = a + Pi Tm+ " Spec.+~3 Atm.+ P4 Medium
+ (is Temp. Hjis Tm x Spec. +~7 Tm x Atm.
+Pg Tm X Medium + pg Tm x Temp. + p,0 Spec. (2)
X Atm. + p~i Tm X Spec. x Atm. + P,2 Spec.

X Temp. + Piz Tm x Spec. x Temp. +e.

Although model sélection and évaluation were carried out inde-
pendently for the IVD and RUO database outcomes, one final model
was retained for both outcomes.

Ail analyses were carried out with SAS/STAT software v.9.2 (SAS
Institute Inc., Cary, NC, USA), using PROC GENMOD for the CEE
analyses.

Averaged over ail growth conditions, the observed proportion of
correct identifications was higher for the IVD VITEK MS database
(85.4%) than for the RUO database (62.6%). We therefore focus on the
IVD database results hereafter. The proportion of correct identifications
showed a marked decrease when going from 24 h to 120 h, both for fvVD
(from 98 to 72%) and RUO (fi*om 87 to 40%) databases, which was
expected (Williams et al.. 2003). The total number of correct species
identifications obtained with the IVD system is shown in Table 1. in
relation to the values ofthe four covariates considered in our study.

The estimated évolution in P(cid) according to the final longitudinal
model is shown in Rgs. 1 and 2 and Table 2. For each covariate, a refer-
ence value was determined according to our routine practice (incubator,
Butzler medium, 42 “C and Cjejuni). In the figures, covariates that are
not evaluated are kept at their référencé value.

Table 1
Number of correct species identification results obtained by the IVD dat’jase, in relation
to the values of the four covariates considered in our study.

VD n' 24h 48 h 72h 96 h 120h
Species Cjejuni 60 60 57 58 41 38
C coli 40 38 36 32 33 34
Atmosphere Jar 50 49 45 48 36 34
Incubator 50 49 48 42 38 38
Température 37 ‘C 50 49 44 45 40 45
42°C 50 49 49 45 34 27
Medium Columbia 20 20 17 18 15 14
Campy-BAP 20 20 20 20 19 18
Campylosel 20 20 20 18 15 15
Karmali 20 18 20 18 14 16
Butzler 20 20 16 16 1 9

* Number of bacterial cultures.

IVD

Tune (hoirs)

(cof)S7TX  (cel)42*C 0af« S7+C — (nun)42*C

Fig. 1. Estimated évolution ofthe probability ofcorrect identification (P(cid)) for 37 'Cvs.
42 *C (separately for C coU and C jguni). Other covariates were kept at their reference
values (open atmosphere. Butzler medium). Estimaced probabilities were obtained from
Model (2). bars represent the 95% prédiction intervaL

Because 24 h and 72 h time points represent the daily practice and
weekend conditions respectively, observations at these Incubation
rimes are our primary interest.

When considering the IVD database. no significant différence on the
estimated P(dd) was shown according to the atmospheére generating
System used (Table 2). The decision to choose a microaerobic atmo-
sphére generating system instead of another for Campylofxicter growth
therefore can be based solely upon other criteria including isolation
performance of such system, economical or practical considérations
(Wang et al., 1982).

The combined effect of température and species on the estimated
P(cid) is given in Fig. 1. For both C Jejuni and C coli, which are clinically
the most encountered Campylobacter species. the P(cid) after 24 h ofin-
cubation was higher when the strain was incubated at 42 “C (p = 0.049
and p = 0.048, respectively; Table 2). This observation was consistent
with the optimal incubation température for isolation of both C jejuni
and C coli. Moreover, oxidation ofthe substrates seems to be greater at
42 "Cthanat37 "C (line etal.. 2010). At 72 h these différences no longer
were significant In our laboratory, sélective media are incubated at42 "C
whereas non-selecrive media used for the filtration method - and subsé-
quent isolation of non~jejuni/coli Campylobacter - are incubated at 37 “C
(Lastovica, 2006).

IVD

Tmt (hours)

“UTZLER ~  —— CAMPY.IAP
COLUMBU KARUAO

CAMPYIOSEL

Fig. 2. Estimated évolution ofthe probability of correa identification (P(cid)) for the 5
growth media, with other covariates at their reference values (open atmosphere, 42
Cjejuni). Estimated probabilities were obtained ftom Model (2). bars represent the
95% prédiction interval.
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Table 2

Evaluation ofthe influence ofgrowth parameterson theestimated probability ofcorrectidentification (P(cid)) at two incubation times (24 h and 72 h) obtainedfromModel(2) on
the IVD results. Odds ratios are compared to the reference value given; for atmosphére and medium, these dépend on the species as well.

24h 72 h
Odds ratio  Odds ratio confidence interval (95%) p-Value Odds ratio Odds ratio confidence interval (95%) p-Value
Atmosphere (jar versus incubator) Cjejuni 0.835 [0.127-5.4841 0.85 1177 [0.419-3306] 0.76
C coli 1.783 (0.538-5.9151 0.34 0.588 [0.286-1310] 0.15
Température (37 *C versus 42 °C)  Cjejuni 0.118 [0.014-0.998] 0.049 1.482 [0.486-4.518] 0.49
C colt 0.286 [0.083-0.988] 0.048 0.649 [0310-1361] 035
Medium (versus Butzler) Campylosel 4.117 [0.994-17.05] 0.051 4.367 [1.830-10.42] 0.0009
Campy-BAP  79.00  [1.010-5674] 0.045 4776 [5.639-404.5] 0.0004
Karmali 0.970 [0.257-3.667] 0.96 2345 [1.121-5.780] 0.026
Columbia 1.105 [0.286-4.266] 0.88 2212 [1.006-4.861] 0.048

The effect of medium on the estimated P(dd) of Cjejurd is presented
in Rg. 2. There was no species x medium interaction in Model (2), and a
similar pattern was obtained for C coii (data not shown). In terms of
“medium influence” the Campy-BAP showed a significantly different
P(dd) at 24 h of incubation compared to the Butzler medium. Given the
high P(dd) observed at 24 h of incubation irrespective of the medium
used, for routine daily practice one can choose a sélective Campylobaaer
agar upon additional parameters like spedficity and sensitivity. For week-
end and holiday regimens, ail four other tested media had a significantly
higher P(dd) compared to the Butzler medium (Table 2).

In summaiy, significant différences in the probability of correct
identification (P(dd)) for Campylobacter spedes using the MALDI-TOF
MS were highlighted related to procedures including the growth
medium, the incubation température, time at interprétation (ffom
24 htol20 h),and thedatabaseapplied. Given the différences between
Cjejuni and C. cofi. the effect of altering procedures should be evaluated
for every single bacterial species and taken into account for further
accurate MALDI-TOF MS research. Standardization ofthe growth condi-
tions might also be helpfui in inter-laboratory comparisons (Horneffer
étal.. 2004).
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Abstract The pathogenic réle of the enteric parasite Blasto-
cystis remains controversial. Recent studies have suggested that
valions subtypes (STs) found in human samples could be corre-
lated to the presence or absence and variability of clinical man-
ifestations, and that STs can dilfer with respect to drug sensitivity.
Polymerase chain reaction (PCR) techniques used to déterminé
these STs are expensive and are usually restricted to research
laboratory settings. This study évaluates the potential ~plicadon
of the inexpensive matrix-assisted laser desorption/ionisation
time-of-flight mass spectrometry (MALDI-TOF MS) technique
to discriminate Blastocystis STs. A database of parasitic protein
signatures was constructed for five Blastocystis STs, and the
reference spectra were challenged with those 6om 19 axenic
cultures of STI, ST2, ST3, ST4 and STS and tiiose from nine
xenic liquid cultures of ST3 and ST4. Samples from axenic
cultures were prepaied using standard formic acid extraction
and direct dgxjsition prex“dures. The reference spectra revealed
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five distinct spectral profiles, and the database library allowed for
discrimination between ail of the cultures with reliability indices
ranging fiom 2.038 to greater tilan 2.8 when an extraction was
performed. The direct déposition procedure resulted in greater
variability in the discrimination and direct MALDI-TOF MS
identification from xenic liquid cultures was effective in 3 out
of 9 samples. MALDI-TOF MS proved to be an effective
technology for efficiently discriminating Blastocystis STs in
axenic cultures.

Introduction

Blastocystis spp. are among the most commonly observed
intestinal parasites in humans in both industrialised and develop-
ing countries, with higher infection rates in the latter population
due to poor sanitaiy conditions [6,39]. A zoonotic transmission
route has been suggested, but anthroponotic feeco-oral transmis-
sion appears to be the main transmission route [2, 21, 28].
Despite abundant clinical and epidemiological studies, the clin-
ical significance ofBlastocystis has long been controversial [7,
27]. Forexaraple, Blastocystis may provoke varions non-specific
symptoms, including diairhoea, abdominal pain, nausea and/or
vomiting, constipation, flatulence, fetigue and skin rash, but it is
also fiequently found in asymptomatic patients. Blastocystis may
also be involved in chronic gastrointestinal illnesses such as
chronic dianhoea, irritable bowel syndrome and inflammatory
bowel disease [9-11, 22, 36, 46]. Conflicting views on its
pathogenicity may be related to the amount ofinfecting parasites,
the age of the patient when infection occurs, the nature of
infection (acute or chronic) and the strain subtype (ST) or species.
In contrast to the earlier concept that only one species,
Blastocystis hominis, was involved in human infections, it has
now been well established that humans can be infected with one
or more ofnine different Blastocystis STs or species [28,31,36].
This finding generated a strongly renewed interest in this group
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of parasites, especially with respect to potential différences in
pathogenicity, epidemiology and transmission between Ihe dif-
ferent STs [6, 8-11, 24, 27, 35, 46]. The prédominant STs
observed in humans are ST3, STI, ST2 and ST4, with a preva-
lence 0f44,28,14 and 13 %, lespectively, in our hospital setting
in Brussels [3, \\,2\,2A,29%\ Blastocystis STs have been shown
to differ in their in vitro susceptibility to antibiotics; for example,
Mirza et al. [19] demonstiated the ST-dependent susceptibility of
Blastocystis to six different antiprotozoal agents. To date, theie is
no consensus regarding an appropriate treatraent [7,32,41].

Microscopy techniques are widely used for the diagnosis of
Blastocystis in clinical samples [8]. However, the rapid dété-
rioration of the parasite outside the body and the irregular
shedding ofthe parasite in infected patients can lead to false-
negative results [42]. The combined use of multiple sampling
and SAF Fixative in clinical practice can considerably in-
crease the recovery ofBlastocystis [40]. Xenic in vitro culture,
which amplifies the parasite humber, is also a sensitive and
cost-effective screening tool [33, 47]. For ST classification,
DNA sequence analysis is needed, which is time consuming
and requires spécifie expertise that is not always available in
the clinical microbiology laboratory. No consensus regarding
subtyping methodology has emerged, although a recent
study suggested that SSU-rDNA barcoding is the meth-
od of choice [30]. Therefore, Blastocystis subtyping to date
has been limited to research laboratories. An easy-to-use,
standardised method for Blastocystis subtyping that can be
implemented in routine use would provide a valuable tool for
the cliitical laboratory.

Recently, clinical microbiology has been revolutionised by
the commercialisation of matrix-assisted laser desorption/
ionisation time-of-flight mass spectrometry (MALDI-TOF
MS) [5, 17, 23]. This technique allows for the rapid, accurate
and inexpensive identification of microoiganisms from cul-
tures or directly from biological samples. MALDI-TOF MS
also présents the advantage of not requiring large amounts of
biological materials and is, therefore, highly useful for the
identification of slow-growing and exigent organisms [12,
18]. The efficiency of MALDI-TOF MS identification is
currently expanding as new database libraries become avail-
able and as databases libraries can also be updated by users.
This technique is now used with greater fiequency in routine
laboratories and is expected to soon replace traditional identi-
fication tools.

In parasitology, the application of MALDI-TOF MS has been
limited to obtaining general parasitic proteome studies [14, 44]
and the chaiacterisation ofspécifie biomarkers for discriminating
between environmental and human Cryptosporidium and
Giardia species for water management [16,43]. The diagnostic
use of MALDI-TOF MS in parasitology has remained limited,
only being used for sérum peptide profiling ofmice infected with
Leishmania [15] and the discrimination of microsporidian iso-
lates grovra on cell cultures [20].
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The main aim ofthis présent study was to evaluate the use
of MALDI-TOF MS for the identification and différentiation
ofBlastocystis STs commonly présent in clinical samples.

Materials and methods

Blastocystis isolates

Nineteen Blastocystis isolates from 19 patients who submitted
stool samples for routine parasitological examination to the
Clinical Parasitology Laboratory (Academie Medical Center,
Amsterdam) were included in the study. Blastocystis isolates
were axenically cultured on solid media according to a protocol
described by Tan etal. [37]. In short, fiesh, unfixed stool samples
of patients with Blastocystis species were initially cultured and
subcultured in liquid Isocove’s Modified Duibecco’s Medium
(IMDM, Gibeo) supplemented with 20 % horse sérum and
antibiotics (100 U/mL penicillin, 2 mg/mL cefotaxime, 0.5 mg/
mL amoxicillin and 0.1 mg/mL streptomycin) and incubated in
anaérobie jars (Compact Anaérobie Work Station, DW
Scientific) at 37 °C. When high loads of Blastocystis were
observed (>15 cells of vacuolar fotm of Blastocystis per 400"
field), 250 pi of the sédiment was plated on agar plates with
IMDM, 20 % horse sérum, 1 % Bacto agar (Becton Dickinson,
Brada, The Netherlands) in anaérobie Jars, at 37 °C, for 7 days.
Colonies ofBlastocystis repeatedly were transfetred to new agar
plates until axenic cultures were obtained.

Additionally, nine xenic cultures from 9 patients with
Blastocystis spp. were examined with MALDI-TOF MS aller
liquid culture in IMDM medium as described above.

Détermination ofBlastocystis STs

AU of the Blastocystis STs were identified by the analysis of
partial SSU-rDNA sequences and compatison with GetiBank
sequences using the nomenclature of Stensvold et al. [4, 31].
Five different STs were identified among the 19 isolates
cultured on agar, including STl (n=4), ST2 (n=4), ST3
(n=3), ST4 (n=1) and ST8 (n=1) (Fig. 1). The nine
Blastocystis isolates grown on liquid media cotresponded to
ST3(n=6)andST4(n=3).

Satnple préparation for MALDI-TOF MS analysis

From agar cultures, deposits were prepared in quadruplicate
according to both the ethanol/formic acid extraction and the
direct déposition procedures described by the manufacturer.
Using the ethanoFformic acid extraction procedure, colo-
nies for identification were suspended in 300 pl ofde-ionised
water and 900 pl of absolute éthanol was then added. Aller a
first centrifugation step (2 min at 16,600x g), the pellet was
washed with de-ionised water and resuspended in 50 pl of
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Fig. 1 Spectra acquired fix>m axenic cultures (w = 19). Référencé strains are shown in the boxes; challenge strains follow the corresponding référencé
strain. L spectra from STI, ST2 and STS; right: spectra Irom ST3 and ST4. Mass range: 2,000-10,000 m/z

70 % formic acid and 50 |il ofpure acetonitrile. After a second
centrifugation step (2 min at 16,600xg), 1 \i\ of supematant
was spotted onto a target plate.

Using die direct déposition procedure, the colonies for iden-
tification were directly smeared onto the target plate widiout any
pre-treatment. When dried, each deposit was covered
with 1 |il of a-cyano-4-hydroxycinnamic acid (CHCA) ma-
trix solution.

For each liquid culture medium, a pellet was obtained by lhe
centriliigation of 1 ml ofthe medium for 1 min at 16,600x g. The
pellet was washed with 1 ml of de-ionised water that was
discarded after a second short centrifugation at 16,600 xg
(1 min). When dried, die pellet was treated as a colony foUowing
die ethanol/formic acid extraction procedure.

MALDI-TOF MS analysis

The analyses were performed at the Porte de Hal laboratory in
Brussels on a Microflex LT System using the pre-programmed
MBT_FC.par method (Bruker Daltonics, Bremen, Germany).
In brief, the spectra were recorded in linear positive mode at a
laser fioquency of20 Hz and over a mass range of2 to 20 kDa.
For each spectrum, 240 laser shots in 40-shot steps at different
positions of the deposit were acquired in an automatic mode
using AutoXecute acquisition control software (flexControl
3.0; Bruker Daltonics, Bremen, Germany). The voltage ofion
sources 1 and 2 were set at 20.06 and 16.80 kV, respectively.
The lens voltage was set at 7.63 kV. The minimum base peak
resolution was set at 400 Da. The spectra were subsequently
analysed using MALDI Biotyper Automation Control and
Biotyper 2.0 software (Bruker Daltonics, Bremen, Germany).

At the time of analysis, the database library included 3,995
spectra. Parasitic signatures were not available in the commer-
cially available database library.

Reference spectra génération

Ail 19 isolates were candidates for inclusion in a parasite-
specific database that included five Blastocy'stis STs: STI,
ST2, ST3, ST4 and ST8. The final sélection of reference
spectra for intégration into the spécifie database was deter-
mined based on the ability ofthe spectra to correctly discrim-
inate Blastocystis STs. To croate the reference spectra, the
ethanol/formic acid extraction procedure was used as previ-
ously described. For each new reference spectra, 1 |x|I of the
supematant was deposited at eight positions on the target
plate. When dried, each deposit was then recovered using
1 of the CHCA matrix solution. The acquisition of the
spectra was processed three times for each deposit in an auto-
matic mode. The spectral quality oftiie 24 resulting spectra for
each new reference was assessed using flexAnalysis 3.0 software
(Bruker Daltonics, Bremen, Germany). Raw spectra were trans-
ferred to Biotyper 2.0 (Bruker Daltonics, Bremen, Germany) to
smooth the raw intensity spectra and subtract the baseline. The
reference spectra were then created using ftie default settings of
the software. Different combinations of reference spectra woe
tested to create an optimised database.

Evaluation ofthe MALDI-TOF MS subtyping power

The combination of both the commercial database and the
spécifie database (4,001 reference spectra) was first evaluated



using the référencé isolates selected for the création of the
library and was subsequently challenged with the non-
reference isolates obtained fiom agar media. Indicatois ofthe
quality of the subtyping power in the présent study were the
coirelation with the expected ST classification, as deteraiined
by an analysis ofthe SSU-rDNA sequence, and the génération
of an identification score of >2, as recommended by the
manufacturer for reliable MALDI-TOF MS identification ofa
microorganism at the species level fiom a clinical perspective.

Results

Using the ethanol/formic acid extraction procedure, the 19
Blastocystis isolates yielded well-resolved proteic profiles in
the studied mass range, suggesting that reliable ST différenti-
ation could be perfotmed using MALDI-TOF MS (Fig. 2).

The combination of référencé spectra ffom six isolates
(isolate 38A for STI, isolate 222 for ST2, isolate 204 for
ST3, isolates 25 and 131 for ST4, and isolate 17C for STS)
led to a satisfactory discrimination of isolates for the five
Blastocystis STs and constituted the optimal database.

This optimised database was queried using spectra ac-
quired ffom ail 19 ofthe axenically cultured isolates to vali-
date the potentiel for ST différentiation. For the two best
deposits of each isolate, the identification results and associ-
ated scores obtained using the ethanol/formic acid extraction
procedure and the direct déposition procedure are presented in
Tables 1 and 2, respectively. The results obtained for the four
deposits are available in the Supplementary material.

As expected, the isolates that were used as references in the
spécifie database led to satisfactory identification results, with
scores greater than 2.7 for ail four deposits when using the
ethanol/formic acid extraction procedure. For these identifica-
tions, the gaps between the First and second matches were
substantiel (>1), resulting in a good discrimination of these
organisms fiom other organisms included in the spécifie and
commercially available databases.

STI Référencé strain
Isolate 38A

ST4 Référencé strain
Isolate 25

ST4 Référencé strain
Isolate 131

STS Référencé strain
Isolate 17C

ST2 Reference strain
Isolate 222

ST3 Reference strain
Isolate 204

Fig. 2 Dendrogram ofthe Blastocystis reference strains
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Using the direct déposition procedure, the isolates that were
used to create the reference spectra were conectiy assigned to the
different STs but with lower score values (ranging ffom 1.813 to
2.494 for the best ofthe four deposits).

When the spécifie database was challenged with 13 non-
reference isolates, the MALDI-TOF MS spectrum of each
isolate was assigned to the correct ST when using the
ethanol/formic acid extraction procedure. In ail but one case
(isolate 7A, fouith deposit), the observed identification score
value was greater than 2. In ail cases, no misidentification or
confusion with another ST was observed based on the critical
gaps between the score values of the first and second identi-
fication matches.

The analysis ofthe same isolates using the more rapid direct
déposition procedure again showed satisfactory results with a
correct assignment ofeach tested isolate to its corresponding ST.
However, the score values were below the cut-offvalue of2 and,
in some cases, the gap between the first discrepant identification
matches was limited (0.3), which would not be considered a
significant resuit in a clinical laboratoiy practice.

The MALDI-TOF MS results were more variable for the
nine xenic liquid media samples. Three cultures with abundant
Blastocystis growth—as observed by microscopy—"yielded
correct identifications. However, in four cultures with limited
Blastocystis growth, other bacterial and fiingal species were
identified. In ail cases, the identification score values for
spectra obtained directiy ffom the liquid media were lower
than those observed fiom the agar cultures. The identification
results of the two best deposits generated ffom each liquid
growth medium are presented in Table 3. The results obtained
for the four deposits are available in the Supplementary
material.

Discussion

The pathogenicity ofBlastocystis in humans could be related
to the different STs ofthis parasite [9,10, 24, 27, 35, 36,38].
The study of the différences in pathogenicity, epidemiology
and transmission between the different Blastocystis STs,
therefore, présents a new challenge for researchers in parasi-
tology. In the présent study, MALDI-TOF MS appears to be
an efficient method for the discrimination between
Blastocystis STs commonly found in humans. To our knowl-
edge, the détermination of Blastocystis STs with MALDI-
TOF MS has not been reported before.

The 19 tested strains were ail correctly associated with the
conect ST when compaied with the SSU-rDNA analysis. In
conséquence, we assume that MALDI-TOF MS can compete
with molecular typing in ternis ofanalytical performance, rid-
ity and cost The ethanol/formic acid procedure led to better
results than the direct déposition procedure, which was as
expected. For example, using the direct déposition procedure.



EutJ Clin Microbiol Infect Dis

Table 1 Matrix-assisted laser
desorption/ionisation time-of-
flight mass spectrometiy
(MALDI-TOF MS) results
obtained from axenic cultures

using die ethanol/formic acid No. Isolates ST
protocol {n = 19). Reference
strains are in bold (isolates 38A, Extraction 1" 38A 1
222,204,25, 131 and 17C); > 52 1
A o
131,208,31A, 1I6A, ISIAand 4 BI7 !
7A) follow the corresponding 5¢ 222 2
reference strain in the table 6 102 2
7 189 2
8 215 2
9" 204 3
10 112 3
1u 9 3
12* 25 4
13 131 4
14 20B 4
15 3IA 4
16 116A 4
17 I81A 4
18 7A 4
19 a7c 8

* Reference strains

métabolite, pigments and/or agar material at the surfece of the
microorganism may interfére with the crystallisadon process and
lead to lower score values; this may be avoided by using a more
pure extracted protein preparation [1]. A better dismption oftiie
parasitic membrane and concomitant libération ofproteins using
a fomiic acid solution may also explain the diffoences observed
between both procedures, as the finely coated surface of
Blastocystis has been demonstrated to evolve widi the age of
the culture [37]. Finally, tiie différences observed may also be
explained by the fiict thatthe refoence ~)ectra woe created using
the extraction procedure and it could be interesting to also
evaluate reference spectra created using the direct déposition
procedure.

The intra-ST variability, previousiy reported by Stensvold
et al. [26], was hitilighted during the sélection ofthe reference
spectra to be included in Uie database, as two reference spectra
were required to comectly identily ail isolates fiom ST4. This
observation suggests that tiie created database will likely contin-
ue to evolve in the future: reference spectra for ST not included
here should be added, aldiough the sélection ofrefeence spectra
couJd be modified (spectra addition/restriction) to better fit the
diversity of circuJating stiains. Regardless, this initial database
including six reference spectra fiom five Blastocystis STs pro-
vided promising results. The culture of Blastocystis on agar
media remains problematic and is limited to research laborato-
ries; thus, liquid xenic cultures ofBlastocystis are fiequently used

Deposit 1 Dgx>sit 2

Ist match 2nd match Ist match 2nd match

ID Score ID Score ID Score ID Score
STI 2.876 ST4 1.703 STI 2.852 ST4 1.770
STI 2.510 ST2 1.770 STI 2.486 ST4 1.858
STI 2.196 ST2 1.737 STI 2.141 ST2 1.816
STI 2.308 ST2 1.755 STI 2.308 ST4 1.683
ST2 2.777 STI 1.703 ST2 2.749 STI 1.672
ST2 2.249 ST3 1574 ST2 2.194 ST3 1.625
ST2 2.478 STI 1.638 ST2 2.456 STI 1.833
ST2 2.552 ST3 1.892 ST2 2.522 ST3 1.758
ST3 2.836 ST2 1.542 ST3 2.824 ST2 1.661
ST3 2.140 ST2 1.389 ST3 2.130 ST2 1.457
ST3 2.448 ST2 1.921 ST3 2.425 ST2 1.878
ST4 2.799 ST4 1.926 ST4 2.794 ST4 1.850
ST4 2.814 ST4 1.935 ST4 2.809 ST4 1.829
ST4 2.372 ST4 1.892 ST4 2281 ST4 1.848
ST4 2.381 ST4 2.168 ST4 2.348 ST4 2221
ST4 2.494 ST4 1.724 ST4 2.450 STS 1.716
ST4 2.443 ST4 1.686 ST4 2.438 ST4 1.676
ST4 2.038 STI 1.691 ST4 2.032 ST4 1.770
ST8 2.863 ST4 1.764 ST8 2.808 ST4 1.664

for diagnosis fiom clinical samples [29,47]. Building upon the
satisfactory MALDI-TOF MS identification of Salmonella di-
rectly fiom enrichment broths [25], nine liquid xenic cultures of
Blastocystis wCTe tested by MALDI-TOF MS in the présent
study. From the nine tested liquid xenic cultures of Blasto-
cystis, only two resulted in proper détermination of the
Blastocystis ST. Our results su”ested diat the identification of
Blastocystis spp. in such brofiis is highly dépendent on the ratio
of parasitic biomass to that of co-cultivated bacterial flora.
Similar pioblems have been reported in other studies that evalu-
ated die use of MALDI-TOF MS for directly identifying oigan-
isms fiom human clinical samples and enrichment brodis [13].
As previously demonstrated in other studies, several paiameters
can affect the quality ofthe MALDI-TOF MS identification fiom
clinical sanples, including Uie pathogen inoculum, fiie presence
ofother microoiganisms and the nature ofthe sample. Our results
suggest that it would be usefiil to submit a sélection ofthe liquid
cultures for MALDI-TOF MS analysis to avoid the time-
consuming analysis of pooriy growing cultures, as has been
proposed for the management of urine samples in a clinical
practice [45]. A laigCT study is, nevertheless, nequired to better
evaluate the Blastocystis subtyping potential of MALDI-TOF
MS analyses fiom liquid media and the possible merits of
adapted cut-ofif values [34]. The development of an efficient
and standardised pre-processing protocol to discaid interfering
substances is required to allow for the détection of
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Table 2 MALDI-TOF MS results obtained &om axenic cultures using 52, 177A, B17, 102, 189,215, 112, 9, 131, 208, 3 1A, 1I6A, 181A and
the direct déposition protocol (n-19). Reference strains are in bold 7A) follow the corresponding référencé strain in the table
(isolates 38A, 222, 204, 25, 131 and 17C); challenge strains (isolates

Deposit | Deposit 2
1st match 2nd match 1St match 2nd match

No. Isolates ST ID Score ID Score ID Score ID Score
Direct déposition 1- 38A 1 STI 2310 ST2 1.731 STI 2305 ST2 1.767
2 52 1 STI 2.127 ST4 1.870 STI 2.095 ST4 1.906
177A | STI 2.097 ST2 1.827 STI 2.092 ST2 1.885

4 B17 | STI 2.244 ST2 1.820 STI 2.168 ST2 1.817
5 222 2 ST2 1.934 STI 1.676 ST2 1.915 ST3 1.667
6 102 2 ST2 2.072 ST3 1.760 ST2 1.981 ST3 1.582
7 189 2 ST2 1.952 ST3 1.511 ST2 1.937 ST3 1.516
8 215 2 ST2 1.954 STI 1.473 ST2 1.878 ST3 1.657
9* 204 3 ST3 2.467 ST2 1.639 ST3 2.466 ST2 1.436
10 112 3 ST3 1.%5 ST2 1.424 ST3 1.797 ST2 1.234
u 9 3 ST3 2.088 ST2 1.676 ST3 2.014 ST2 1.365
12¢ 25 4 ST4 1.813 ST4 1.705 ST4 1.705 ST4 1.701
13 131 4 ST4 2.494 ST4 1.615 ST4 2.408 ST4 1372
14 20B 4 ST4 1.805 ST4 1.741 ST4 1.707 ST4 1.470
15 31A 4 ST4 2.098 ST4 1.732 ST4 1.974 ST4 1.797
16 1I6A 4 ST4 1.821 ST4 1.800 ST4 1.631 ST4 1.578
17 181A 4 ST4 1.837 ST4 1.774 ST4 1.788 ST4 1.422
18 7A 4 ST4 1.899 STI 1.569 ST4 1.883 ST4 1.525
19¢ 17C 8 STS 1.918 ST4 1363 STS 1.836 STI 1.485

" Reference strains

Table3 MALDI-TOF MS results obtained from xenic liquid cultures (« =9)

Deposit | Deposit 2

Ist match 2nd match Ist match 2nd match

Ref ST Growilh in liquid ID Score 1D Score ID Score ID Score
medium”(+/1 I/1 1 1)

Liquid 124 3 +++ Lactobactilus sp.  1.243 Pseudomonas 1.185 Arthrobacter sp. 1.227 Streptococcus sp.  1.176
(otte) 135 3 mfer E.faecium 1.762 E.faecium 1618 E.faecium 1687 E.faecium 1593
135 3+ E.faecium 1.275 Agromyces sp. 1.132  S. maltophilia 1228 £.faecium 1.038
136 3 + Pseudomonas sp. 1.393 Cryptococcus sp. 1.302 Candida sp. 1391 ST4 1.153
1378 3+ Clostridium sp. 1.283 Lactobacillus sp.  1.199 Neisseria sp. 1250 Aromatoleum sp. 1237
138A 3+ Clostridium sp. 1.442 Cryptococcus sp. 1.320 Clostridium sp.  1.412 Acinetobacter sp. 1245
127 4 +-H- STI 1.628 ST4 1.352 STI 1477 ST4 1.184
130 4 -H+ ST4 1.520 STI 1246 ST4 1485 STI 1217
131 4 -H+ ST4 1.519 STI 1.337 ST4 1408 STI 1285

" Increasing with the number of crosses
<10 parasites per slide

“+++": >1 parasite pCT microscopie field
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Blasiocystis from liquid growth media. in the future,
computerisation and statistical algorithms could solve the prob-
lem associated witii mixed cultures observed when performing
the MALDI-TOF MS analyses on clinical samples. Major efforts
in ternis of optimisation and validation are still needed before
implementing such technique in clinical laboratories for dally
practice purposes.

The limited number of isolates (w=19) and the resulting
small number ofisolates per ST (maximum of 7, ST4) are the
main limitations ofthis study. However, to our knowledge, the
number ofaxenic cultures used in this study is, at the moment,
the largest set available worldwide.

In the future, the constructed database should be adapted by
the addition or removal ofréférencé spectra, to cover the large
diversity of Blasiocystis isolates, and the reproducibility of
our preliminary results should be verified using a larger panel
ofisolates.

Conclusion

Our study demonstrated that matrix-assisted laser desorption/
ionisation time-of-flight mass spectrometry (MALDI-TOF MS)
can be used for subtyping Blasiocystis spp. from axenic cultures.
Although it may be more time consuming tiian the direct dépo-
sition approach, the efrianol/formic acid extraction procedure is
recommended. Larger évaluations are expected to confirm our
results and improve the database of parasitic signatures.
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The main objective of the présent work was to evaluate the contribution of MALDI-TOF

MS to the microbiology laboratory of four university hospitals.

Contribution of MALDI-TOF MS to routine microbiological diagnosis

First, the performance of MALDI-TOF MS in routine microbiological diagnosis has been

evaluated.

Biotyper and VITEK MS were the two main IVD MALDI-TOF MS Systems commercially
available in Europe at the time of this first study. Their identification processes rely on
different algorithms, namely the MSP and ASC methods, respectively (van Beikum et al.
2013).

Both Systems \were evaluated in comparison with conventional identification techniques
commonly used in our laboratory to analyse three bacterial panels that included 1,003
routine isolates, 75 anaerobes and 53 enteric pathogens. With the panel of routine
isolates, both Systems performed at a similar level, with 92.7% and 93.2% correct
identification at the species level by the Biotyper and VITEK MS Systems, respectively.
Better discrimination between Bacteroides species (n=32) was achieved with the
Biotyper database, whereas Streptococcus viridans (n=8), Fusobacterium species
(n=12) and enteric pathogens (n=53) were better discriminated by VITEK MS; these
différences were the only significant analytical différences observed between the two
databases. From a clinical point of view, we postulate that the significant différence
observed for Bacteroides isolates is the only one that could impact clinical management

of the patient. Such a minor différence should not recommend one System over another.

Though both IVD Systems use different identification processes, our results suggest that
there is currently no best strategy for routine purposes in clinical laboratories. As
suggested by Cherkaoui et al., analytical différences between Systems resuit from
database construction (Cherkaoui et al. 2010). As databases may be updated, the
choice of one System over another should therefore be determined by other parameters

including ease of use, cost and intégration into the laboratory.
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In the future, it would be interesting to see whether the weights attributed to certain
peaks in the VITEK MS algorithm allow better discrimination between closely related
species compared with when using the Biotyper System; this différence could explain
the accurate discrimination between S. pneumoniae and S. mitis observed in the
studies of Branda et al. and Dubois et al. (Branda et al. 2013, Dubois et al. 2012). It
should be noted that the VITEK MS System includes a closed database that may not be
updated by the user (Westbiade et al. 2013). A closed database is required for IVD
qualification and/or FDA approval, but RUO Systems are of particular interest to

university hospitals.

The database is of critical importance and partially explains the supremacy of MALDI-
TOF MS over conventional identification techniques. The identification of 234
Campytobacter and related organisme revealed major différences between identification
Systems. MALDI-TOF MS led to 98.3% correct identification at the species level versus
only 79.9% and 72.2% after additional testing using the APl Campy gallery and the
Vitek NH Gard (bioMérieux, Marcy I'Etoile, France), respectively. Différences were
particularly noticeable for non-jejuni/coli isolates that are less frequently encountered in
routine practice. These différences between identification Systems resuit from the
différences in the databases, as 10 of the 11 species included in the study were
represented in the Biotyper database, whereas only seven and three species were
represented in the APl Campy gallery and Vitek NH Gard databases, respectively. The
ease with which MALDI-TOF MS databases can be updated is a major advantage over

conventional identification techniques (Seyfarth et al. 2011).

In their study comparing real-time PCR and sequencing, MALDI-TOF MS and
conventional identification techniques on a panel of 1,007 Campylobacter and related
organisme, Bessede et al. observed better performance than us for the identification of
Campylobacter jejuni (96.7%) and Campylobacter coli (97.7%) using conventional
identification techniques (G. jejuni: 94.4% by APl and 89.6% by Vitek; G. coli: 73.8% by
APl and 87.7% by Vitek in our study) (Besséde et al. 2011). These différences may be
explained by the fact that these authors combined several biochemical tests, whereas
we performed the analysis using commercial Systems according to the manufacturer’s

instructions.
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Nevertheless, Bessede et al. aiso observed a higher rate of misidentification or no
identification when using conventional identification techniques compared with MALDI-
TOF MS (4.5% vs. 0.4%, respectively) and concluded that the efficient MS technique
had now replaced both conventionai and molecular techniques in their laboratory for the
identification of Campylobacter and related organisme. Similar recommendations have
been made by our NRC for Campylobacter (https://nrchm.wiv-

isp.belfr/icentres_ref_iabo/campylobacter/Rapports/ Campyiobacter%202011 .pdf).

Many authors have highiighted the improved performance and other benefits of MALDI-
TOF MS compared with conventional identification techniques, especiaily for less
frequently encountered microorganisms (Saffert et al. 2011, Cherkaoui et al. 2011,
Kierzkowska et al. 2013). MALDI-TOF MS may considerably improve the
microbiological diagnosis and also offers a fast and reliable alternative to expensive
molecular techniques, which has previousiy been demonstrated by Bizzini et al. for
"difficult-to-identify" bacterial strains isolated in clinical laboratories (Bizzini et al. 2011).
In this study, the authors demonstrated that nearly half of the isolates that usually
required sequencing analysis because of identification failure using conventional
identification techniques could be identified by MALDI-TOF MS.

Finally, MALDI-TOF MS users should be aware of the technique’s limitations (De Bel et
al., 2010). Of those limitations, two in particular should be kept in mind. First, the
spectra in the database for a given species can inefficiently cover the intraspecies
diversity and affect the MALDI-TOF MS patterns (Lartigue et al. 2009). Second, the
absence of a species in the database that is closely related to another species présent

in the database can lead to erroneous identification results (Patel, 2013).

In addition to its analytical beneftts, MALDI-TOF MS is aiso faster and cheaper than
conventional identification techniques (Seng et al. 2009). The System requires little
biological material, which is particularly important for fastidious and slow growing
bacteria. This advantage can be observed when identifying Campylobacter and related
organisme; a bacterial suspension adjusted to a McFarland standard of 3 was
necessary to perform the identification using the Vitek NFI Gard, whereas a single

colony was sufficient to préparé a MALDI-TOF MS deposit.
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This différence avoids unnecessary subculturing procedures and saves time. The

aspects of workfiow adaptation will be discussed later in this work.

Another challenge for microbiologists is the identification of microorganisms directiy
from clinical samples. To successfully identify bacteria or yeasts from clinical samples
by MALDI-TOF MS, several requirements are necessary and include limited
interférence from the sample matrix and the presence of a single organism with a
sufficient concentration. Urine samples and blood cultures are therefore promising
candidates for MALDI-TOF MS analysis (Ferreira et al. 2011a,b). Numerous protocole
used for the direct identification of bacteria and yeasts from positive blood cultures \were
not ail easily implemented in a routine workfiow (Drancourt et al. 2010). Therefore, one
of the aims of this study was to develop and evaluate a simple and inexpensive in-
house protocol and compare it with the commercial Sepsityper kit (Broker Daltonics,

Bremen, Germany).

Our protocol relies on a saponin-based cell lysis pretreatment adapted from previousiy
described protocols (Ferroni et al. 2010, Ferreira et al. 2011a). Using validated new
cutoff criteria, our in-house method led to correct species identification of 73.7% of the
isolates within 20 min.

The same analytical performance (68.4%) was observed using the Sepsityper kit. In
contrast, conventional identification techniques led to correct species identification in
78% of cases but after a 24-h incubation period.

Although both rapid identification Systems showed similar analytical performances, the
Sepsityper required a longer préparation time for Gram-positive bacteria and was 10-
fold more expensive than the in-house protocol (7.45€ vs. 0.72€ per analysis), which led

us to choose the in-house protocol for implémentation in our routine workfiow.

Our results are in agreement with other studies evaluating the use of MALDI-TOF MS
for direct identification of bacteria from positive blood cultures. Better results were
obtained for Gram-negative bacteria than Gram-positive bacteria, and only partial
information was obtained from mixed cultures (Kok et al. 2011, Loonen et al. 2011,

Lagacé-Wiens et al. 2012).
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Recently, our protocol was slightiy modifiée! by other investigators (addition of a formic
acid extraction after the wash steps) and compared with the Sepsityper kit using an
updated Biotyper database (4,500 entries) and the VITEK MS database (Chen et al.
2013a). The authors showed no analytical différence between the Sepsityper kit (correct
species identification in 81.5% of cases) and the modified in-house protocol (80.4%)
and implemented the latter in their laboratory because of its attractive price (1 US$ vs.

15 US$ using Sepsityper).

While MALDI-TOF MS technology is efficient in the identification of microorganisms
from urine and blood samples, direct MALDI-TOF MS identification from other clinical
samples remains challenging. Sophisticated pretreatment procedures and other MS
technologies outside the scope of this work will likely meet these objectives in a near
future (Emonet et al. 2010, van Beikum et al. 2013).

Contribution of MALDI-TOF MS to the clinical management of infected patients

After demonstrating the benefits and performance of MALDI-TOF MS compared with
conventional and molecular identification techniques for routine and fastidious bacteria
and highiighting its potentiel to identify bacteria from clinical samples, our second
objective was to evaluate the impact of the implémentation of such technology in our
institution on the clinical management of the patient. As sepsis is a major cause of
mortality and morbidity, this study focused on patients with positive blood cultures. The
theoretical and actual clinical impacts of rapid microbial identification (RMI) from

positive blood cultures using our in-house protocol have been evaluated.

It appears clear that improving TTI has no clinical impact if the use of RMI is delayed by
the clinician (Emonet et al. 2011); however, only a few studies have evaluated the true
impact of RMI from positive blood cultures on the management of suspected sepsis

patients (Vlek et al. 2012, Clerc et al. 2013a, Huang et al. 2013).

The prospective analysis of 277 new épisodes of sepsis revealed that the Gram stain
resuit led to the modification of patient treatment in 17% of cases and that the RMI may
hasten the use of appropriate antimicrobial treatment in more than 13% of cases in the

adult population.

88



Most modifications involved treatment escalation in the general population and
treatment de-escalation in the oncological population, which is likely because broad-
spectrum antibiotics are most likely used in cancer patients. In the paediatric population,
RMI was particularly helpfui in quickly confirming contamination by cutaneous bacteria,
but it never led to a de-escalation of treatment, likely because there is a réluctance to
stop treatment in a patient who is improving (Farrington et al 1990). There is certainly a
room for impact improvement that will correlate with better expérience and confidence

in the RMI approach.

The rétrospective analysis revealed good compliance with the IDS's recommendations,
as most changes were made before receiving the identification resuit provided by
conventional identification techniques. However, the delay in administering the modified
treatment was high (>4 h in 50% of cases), which suggests that communication
between heaith professionals in our institution still must be improved. Huang et al.
observed an impact of RMI on the mortality rate (20.3% vs. 14.5%), length of ICU stay
(14.9 days vs. 8.3 days) and bacteraemia récurrence rate (5.9% vs. 2.0%). As in our
study, the authors aiso stressed the significant impact of antimicrobial stewardship
initiatives (Huang et al. 2013). These observations emphasise the important réle of

clinical pharmacists who contribute to better coordination of care (Toklu et al. 2013).

The results of our study are in agreement with those reported by Vlek et al. and Huang
et al., who performed case-control studies and showed a decrease of 28.8 h and 28.1 h
in the TTI, respectively (26.85 h in our study) (Vlek et al. 2012, Huang et al. 2013). An
11.3% increase in the proportion of patients receiving adéquate antimicrobial treatment
within 24 h was also reported by Viek et al., which is in agreement with the 13.85%

observed in our work (Vlek et al. 2012).

Despite the higher laboratory cost, RMI has been adopted in our daily practice and is
still performed twice a day on weekdays because of the clinical benefits for patients. In
the future, it would be particularly interesting to further explore the clinical impact of a

rapid identification combined with rapid AST.
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From a general point of view, Tan et al. reported that MALDI-TOF MS provided
identification from routine isolates an average of 1.45 days earlier than conventional
identification techniques (Tan et al. 2012). We assume the rapid identification of
microorganisms, even if isolated from less precious samples than positive blood

cultures, may aiso improve the clinical management of patients in daily practice.

MALDI-TOF MS in the microbiology laboratory of the future

Rationalisation of heaith costs requires major changes in hospital réorganisation and
the development of strategies for laboratory cost-containment. In Europe, large
centralised clinical laboratories are now being developed. The aim of the third part of
this Work was to détermine whether MALDI-TOF MS could be integrated into the
microbiology laboratory of the future by evaluating the feasibility of MALDI-TOF MS

networking in the university hospitals in Brussels.

From a clinical point of view, we observed a significant decrease in the médian TTI, 23
h 12 min (interquartiie range 991 min, min-max 0-5,873), using conventional
identification techniques versus 5 h 11 min (interquartile range 78 min, min-max 154-
547) using MALDI-TOF MS. Ail identification results were obtained earlier when sharing
the MALDI-TOF MS System of the central laboratory (CL) than when performing
conventional identifications at the distant laboratory (DL), except when chromogenic
culture media or oxidase tests were used. The extra costs related to the use of
chromogenic culture media for urine samples, more than 7000€ annually for E. coli, is
not supported by the clinical benefits, as it is known that E. coli is the most frequent
pathogen responsible for UTI and that it may be easily recognised by its morphology
when grown on classical culture medium. We hypothesise that a preliminary resuit,
such as "probable E. coir, could be provided until the MALDI-TOF MS resuit is

available.

From an organisational point of view, only minor transmission (<2%) or human (<1%)
errors were observed, which suggests that the INFECTIO_MALDI software in
combination with the MALDI-TOF MS technique is sufficiently robust for networking.
Moreover, the INFECTIO_MALDI software allows the microbiologists and technologists

of each site to be responsible for their own analyses and validations.
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In terms of workflow, good communication between the teams in both laboratories is
necessary, and the technologists in the CL must be aware of the conséquences of any
delay in the management of the analyses sent by the DL, which may include insufficient
time to petform additional tests in the case of an unreliable MALDI-TOF MS resuit or a

resuit provided too late to be considered by the clinician.

From a financial point of view, three scénarios were evaluated for the DL: continue with
conventional identification techniques, purchase a MALDI-TOF MS System or share the
CL MALDI-TOF MS System. The conventional identification annual budget was
determined to be approximately 35,000€ versus 40,000€ and 9,000€ for a new MALDI-
TOF MS and 21,000€ and 6,000€ for the networking System, before and after
dépréciation of the instrument, respectively. This resuit reveals that the use of MALDI-
TOF MS would be preferred over conventional identification techniques and that sharing
the instrument of the CL would represent a financial benefit of approximately 125,000€

based on the dépréciation period of the new System (5 years).

Finally, a few conventional identification techniques, such as optochin and oxidase

tests, would still be required to ensure the same quality of patient care from the DL.

To our knowledge, this study is the first to evaluate the feasability of using one MALDI-
TOF MS instrument for several hospitals in a network. In an environment characterised
by shared processes and laboratory centralisation, this work présents innovative
perspectives on clinical laboratories, demonstrating that networking is possible without

altering clinical management of the patient and may lead to substantial cost savings.
Our observations aiso highiight the feasibility of organising a MALDI-TOF MS backup

on another clinical site in case of defect or structure relocation, which is now mandatory

in terms of quality standards.
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MALDI-TOF MS in fundamental microbiology research

To date, most publications have evaluated the performance of MALDI-TOF MS in
bacterial and yeast identification. This section describes perspectives for future

research and new applications of MALDI-TOF MS in microbiology

First, we evaluated the influence of growth conditions on the quality of MALDI-TOF MS
identification of Campylobacter. Five reference strains were cultured under different
culture conditions in terms of culture medium, température, atmosphére and incubation

time.

A statistical modei was built to détermine the effect of the growth condition covariates
on the probability of correct species identification taking into account the fact that
repeated measurements were obtained on five consecutive days.

This modei revealed significant différences in the probability of correct species
identification related to the growth procedure used, which demonstrates the need for
strict standardisation of growth conditions in the future, especially for further typing
scheme évaluations. Our expérience working with Salmonella strains suggests that
storage conditions may aiso affect the MALDI-TOF MS spectral quality (unpublished
data), and a recent study highiighted the ability of MALDI-TOF MS to successfully
classify E. coli samples according to the growth time of the bacterial cultures, which

confirms that this parameter affects MALDI-TOF MS profiles (Momo et al. 2013).

As previousiy mentioned, bacterial typing is more demanding than routine identification
in terms of reproducibility and discriminatory power (Struelens et al. 1996, Croxatto et
al. 2012, Dieckmann et al. 2008, Josten et al. 2013), and its limitations are mainly
determined by the nature of the bacteria profiled, as some bacteria are highiy different

and others are almost indistinguishable at the subspecies level (Sandrin et al. 2013).

This study provides an overview of the growth parameters that could be optimised to
develop MALDI-TOF MS typing schémas for Campylobacter \n the future in the frame of
our NRC. Despite first promising results for Campylobacterjejuni (Martiny et al. 2012;
appendix 9.3), we théorisé that MALDI-TOF MS typing of such microorganisms will

require better standardisation and will remain particularly challenging.
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In the last study of this work, we aimed to identify and subtype Blastocystis STs
commonly found in clinical samples using MALDI-TOF MS, which has not been

performed previousiy.

Blastocystis is the most frequent parasite responsible for enteric diseases in
industrialised countries (Vandenberg et al. 2006). It has been well established that one
or more of the nine different Blastocystis STs can infect humans, which has generated
renewed interest in this parasite, especially regarding potential différences in
pathogenicity, epidemiology and transmission between the different STs. Moreover,
Mirza et al. found that Blastocystis STs differ in their susceptibility to antimicrobial
agents (Mirza et al. 2011). For ST classification, DNA sequence analysis is needed,
which is expensive and requires spécifie expertise not aiways available in clinical

laboratories.

To evaluate the potential of MALDI-TOF MS for discriminating between Blastocystis
STs, 19 axenic strains were analysed, six of which were selected as reference strains to
build a spécifie database of parasitic protein signatures. This database thus included six
reference strains covering five Blastocystis STs commonly found in clinical samples;
STI, ST2, ST3, ST4 and STS. In humans, ST3, STI, ST2 and ST4 are the prédominant
STs, with prevalences of 44%, 28%, 14% and 13%, respectively, in our hospital setting

in Brussels.

When selecting the reference spectre for the création of the spécifie database, two
reference spectre appeared to be necessary to correctiy identify ail ST4 isolates
included in the study as the correct ST. This resuit illustrates the intra-ST variability
previousiy reported by Stensvold et al. and suggests that our database will likely
continue to evolve in the future to better fit with the diversity of circulating strains

(spectra addition/restriction) (Stensvold et al. 2012).
Using the ethanol/formic acid extraction procedure, ail 19 isolates were correctiy

identified as the correct ST and showed reliable score values (>2). No misidentification

or "doubtful" ST détermination was observed.
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Additionally, nine liquid xenic cultures were tested, yielding more variable results.
Larger studies are necessary to better evaluate the Blastocystis subtyping potential of
MALDI-TOF MS analysis from liquid media, the benefits of adapted cutoff criteria and

standardisation of preprocessing protocols.

This study highiights the potential for MALDI-TOF MS identification of microorganisms
other than bacteria and fungi. However, it aiso stresses the need for standardised
procedures and robust databases that will aiways need to be reconsidered and
adapted. The improvement of MALDI-TOF MS typing applications will contribute to

improved epidemiology knowledge and will help correlate clinical and environmental

data in the future.
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6. Conclusions
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Our studies confirmed that MALDI-TOF MS is a powerfui technology for the
identification of frequently and less frequently encountered microorganisms, as well as
fastidious microorganisms. Spectral databases are approximately 10-fold broader than
those of conventional identification techniques, which may explain the superiority of
MALDI-TOF MS over these techniques (Seng et al. 2013, Sogawa et al. 2012). We are
convinced that MALDI-TOF MS will soon replace conventional techniques in the clinical
laboratory, likely as a first identification approach, followed by sequencing to résolve

ambiguities (Biswas et al. 2013, Bader 2013, Ford et al. 2013, Bertelli et al. 2013).

Though they include different data processors and databases, VITEK MS and Biotyper,
the two most marketed Systems in Europe, offer the same analytical quality. At this
point in time, we suggest that the choice of one System over another should likely be

based on practical parameters.

Database construction and availability are key éléments in the future of MALDI-TOF MS
in clinical laboratories and microbiology in general (Bizzini et al. 2010a). The
development of a universal database and the création of a committee of experts for the
control of entries would make the relevant and required data accessible to ail

laboratories (Biswas et al. 2013, Blondiaux et al. 2010). In this vein, several
investigators have aiready made their in-house databases available to clinical

laboratories (Karger et al. 2013, Lau et al. 2013).

When performing RMI from positive blood cultures in our laboratory, MALDI-TOF MS
has been shown to improve the clinical management of patients, as indicated by more
than 13% of RMI leading to an adaptation of antimicrobial treatments within 24 h.
Moreover, the technique is particularly helpfui for the quick confirmation of
contamination, especially in the paediatric population. The implémentation of such a
MALDI-TOF MS application, which constitutes an extra cost for the laboratory, should

not be considered uniess there is efficient communication between heaith professionals.

96



We aiso demonstrated that the MALDI-TOF MS System could be introduced as the
main identification platform in a laboratory network. While there is a transportation time
between the CL and DL, the identification results are provided 18 h earlier when sharing
the MALDI-TOF MS instrument of the CL compared with using conventional
identification techniques at the DL. In addition to the significant decrease in the TTI, the
MALDI-TOF MS network is also associated with significant cost savings for both

laboratories.

Researchers await future developments that will further enhance the practicability of the
MALDI-TOF MS technique, such as mechanisation of sample préparation,
miniaturisation of mass spectrometers and possible interfacing of MALDI-TOF MS
instruments directiy with smart phones and Personal electronic information devices

(Gaillot et al. 2011, van Beikum et al. 2012).

Improved knowledge of the preanalytical parameters that can influence MALDI-TOF MS
spectre, including growth and conservation conditions and improved sample
préparation, will help optimise and standardise procedures for subtyping, détection of
résistance and toxicity mechanisms and analysis directiy from clinical samples

(Demarco et al. 2013). The combination of molecular and biophysical technologies will
increase the mass spectrometry applications in microbiology, as previousiy described

for virology (Fenselau 2013, Ganova-Raeva et al. 2013).

Finally, our promising results on Blastocystis subtyping by MALDI-TOF MS suggest that

this technology may still yield unanticipated benefits for the microbiology laboratory.
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Superstars of Science
http://superstarsofscience.com/scientist/koichi-tanaka
(13 september 2013, last date accessed)

Washington-Baltimore Mass Spectrometry Discussion Group
"2002 Nobel Prize in Chemistry Awarded to Professer John Fenn of
Virginia Commonweaith University and Dr. Koichi Tanaka of Shimadzu
Corporation"

http://wbmsdg.org/wordpress/?s=tanaka

(13 september 2013, last date accessed)

Westfalische Wilhelms-Universitat Munster
http://www.unimuenster.de/Rektorat/exec/upm.php?rubrik=Alle&neu=1&m
onat=200312&nummer=04827

(13 september 2013, last date accessed)

Institute of Public Health

National reference centerfor Campylobacter, annual report (2011)
https://nrchm.wiv-isp.be/fr/centres_ref labo/campylobacter/Rapports/
Campylobacter%202011 .pdf

(13 september 2013, last date accessed)

Saint-Pierre university hospital
http://www.stpierre-bru.be
(13 september 2013, last date accessed)

Jules Bordet Institute
http://www.bordet.be
(13 september 2013, last date accessed)

Brugmann university hospital
http://www.chu-brugmann.be
(13 september 2013, last date accessed)

Queen Fabiola Children's University Hospital

http://www.huderf.be
(13 september 2013, last date accessed)
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9.1. Spécifications of the Microflex LT (Bruker Daltonics,
Bremen, Germany) and the VITEK MS (bioMérieux, Marcy
i'Etoiie, France) iVD Systems
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Dimensions (L x W x H) (mm)
Weight (kg)

Température ("C)
Humidity (%)
Maximum altitude (m)

Eiectrical power

Laser shooting

Mass List Find
and
Binning process

Calibrator

Number of peaks in the calibration
Covered mass range

Peak assignment tolérance
Resoiution

MICROFLEX LT
(BRUKER DALTONICS)
SYSTEM
510x680x1093
84 + 25 (data System)
ENVIRONMENTAL REQUIREMENTS
10-30
15-85, non condensing at 30°C
3000
ELECTRICITY REQUIREMENTS
100-240 VAC, 50/60 Hz
SPECTRAL ACQUISITION
240 satisfactory peaks
40 shots steps
quit after 20 faiied

Détection: centroid mode
SIN:2
Relative intensity treshoid: 0%
Minimum intensity treshoid: 600
Maximal number of peaks: 300
Peak width: 4 m/z
Height: 80%
Baseline substraction: Top Hat

CALIBRATION
Spiked £ cor (Bacteriai Test Standard)
8 peaks
3500-17000 Da
1000 ppm
>400

VITEK MS
(BIOMERIEUX)

700 x 850 x 1920
325

18-26
<70, non condensing at 26°C
2000

200-230 VAC, 50/60 Hz

1 profile = 5 shots, 100 good profiles
If <100 -> reshoot on "sweet spots" (max 5)
if 60 consecutive faiied profiles->failed
if <30 profiles acquired->failed
Binning process
Take uncertainty into account
Acquisition area: 2000-20000 Da
Spectral area used for ID: 3000-17000 Da
Mass range divided in 1300 bins
Bin size increases with mass location
1 bin=1300 ppm

Peak position replaced by central value of the bin

Only highest peak intensity per bin is kept

Reference strain £. coli (ATCC8739)
11 peaks
4000-13000 Da
700 ppm
>600
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9.2. [dentification of the Thchophyton mentagrophytes cemplex

specie”™using MALDI-TOFjriass spectrometry
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Identification of the Trichophyton mentagrophytes complex
species using MALDI-TOF mass spectrometry

ANN PACKEU*, MARIJKE HENDRICKX*, HUGUES BEGUIN* DELPHINE MARTINYt,
OLIVIERVANDENBERGtt& MONIQUE DETANDT*

*Sdentific Institute of Public Health, Service of Mycoiogy and Aerobioiogy, Brussels, fDepartment of Microbiology,
Saint-Pierre University Hospital and Jules Bordet Institute, Brussels, and pnfectious Diseases Epidemiological Unit,
Public Health School, Université Ubre de Bruxelles, Brussels, Belgium

Dermatophytes are fungi capable of invading keratinized tissues and are responsible
for the most common fungal infection worldwide: dermatophytosis. ldentification of
these organisms to the species level is often necessary for the correct treatment of these
infections, and is always recommended front an epidemiological point of view. Since
the identification of dermatophytes is sometimes problematic, we assessed whether
Matrix-Assisted Laser Desorption/lonization Time of Right Mass Spectrometry
(MALDI-TOF MS) could provide a usefui tool to identify dermatophytes of the
Trichophyton mentagrophytes complex. A référencé database was constructed with
17 strains of six different species belonging to this complex. A total of 54 dermatophyte
strains of the Belgian co-ordinated collections of micro-organisms, Scientific Institute
of Public Health, Brussels, Belgium (BCCM™/1HEM) collection were used to chal-
lenge this database; 89% of the tested strains (not used as reference strains in the data-
base) could readily be identified. When incorrect identifications were encountered, the
confusion was always between phylogenetically closely related taxa which indicates
that observations made by MALDI-TOF MS correlate with phylogenetic data. To assess
this observation, a dendrogram outlining the similarities between the obtained spectra
was constructed. Strikingly, the relationships found in this dendrogram were highly
similar to the ones observed in the phylogenetic tree recently reported by Béguin and
co-workers. In conclusion, MALDI-TOF MS is a fast and reliable tool for the identifica-
tion of dermatophytes, since it can even discriminate between the closely related species
of the T. mentagrophytes complex. Moreover, our data indicate that the data obtained by
MALDI-TOF MS correlate with phylogenetic data.

Keywords Dermatofytes, MALDI-TOF mass spectrometry, identification

Introduction
généra: Epidermophyton, Microsporum and Trichophyton.

Dermatophytes cause superficial infections in humans and
animais as they have the capacity to invade keratinized
tissues such as skin, nails and hair [1]. Dermatomycosis is
undoubtedly the most common mycosis worldwide; it is
thought to affect 20-25% of the world’s population [2].
Dermatophytes can be classified into three anamorphic
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Depending on their primary habitat, species can be divided
into geophilic, zoophilie or anthropophilic.

In general, treatment of infections diseases relies on the
identification of the etiological agent. For dermatomycosis,
treatment that is effective against one agent is generally
active against ail members ofthis group, though some infec-
tions are more persistent than others [3]. However, in 2003
résistance of Trichophyton rubrum against terbinafine was
reported, indicating the importance of species-level identi-
fication [4]. Nonetheless, ffom an epidemiological point of
view, identification up to the species level is essential.

DOI: 10.3109/13693786.2013.770605
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Identification of dermatophyte strains is traditionally
done by correlating the clinical manifestation of the infec-
tion with a microscopical examination of the morphologi-
cal characteristics of the isolated strain, eventually in
combination with physiological tests. In the last décades,
molecular methods have been used to gain insight in the
taxonomy of dermatophytes, and they have led to an enor-
mous number of taxonomical changes, ail which have
complicated matters further. The correctness of these
changes and the ‘golden standard’ to use for the identifica-
tion of dermatophytes has become the subject of an ongo-
ing debate [5],

Dermatophytes of the T. mentagrophytes complex are
particularly hard to identify on the basis of their morpho-
logical features and the inter-species relationships within
this group are unclear. According to Takashio [6], this
complex consists of three perfect States: Arthroderma
vanbreuseghemii, A. simii and A. benhamiae, the latter
one subdivided in an Americano-African and an African
race. Furthermore T. interdigitale, a species only known
by its conidial State, was included [6,7], Next to these
species, other anamorphic States can be found in this com-
plex: T. schoenleinii and T. quinckeanum. A recent study
by Béguin et al. summarized the taxonomie changes
within the mentagrophytes complex and reanalyzed the
species délinéation in this complex using multilocus phy-
logenetic analysis [8].

Matrix-Assisted Laser Desorption/lonization Time of
Flight Mass Spectrometry (MALDI-TOF MS) can rou-
tinely be used in clinical laboratories for the identifica-
tion of bacteria and yeasts, where it seems to be a rapid,
cost-effective and reliable tool [9-11], For filamentous
fungi, such as dermatophytes, the utility of this approach
for their identification is still under investigation but may
represent an alternative to conventional dermatophyte
identification [12-15], The approach is based on the
acquisition of a proteic profile (between 2 and 20 kDa)
and its comparison with reference spectra included in a
database [16].

Strains belonging to the T. mentagrophytes complex
are very closely related and very hard to distinguish with
conventional identification techniques. This study inves-
tigated whether MALDI-TOF MS could provide a useful
tool for the discrimination of dermatophytes of this com-
plex. First, a reference spectra database was constructed
and next, we used a panel of well identified strains of
the Belgian co-ordinated collections of micro-organisms,
Scientific Institute of Public Health, Brussels, Belgium
(BCClvr“/IHEM) collection to challenge the robustness
of this database. In a second part of the study, a dendro-
gram was created with the main spectrum profiles (MSPs)
from the strains used for the construction of the spectral
database. The obtained results were compared with the

phylogenetic analyses performed on the T. mentagro-
phytes complex by Béguin et al. [8].

Materials and methods
Strains

The 54 dermatophytes used in this study were preserved
and referenced in the BCCM™/IHEM Culture Collec-
tion (Table 1). A reference spectra library was built up
and included isolates of Trichophyton quinckeanum,
T. schoenleinii, T. interdigitale, Arthroderma benhamiae
(African and Americano-European race), A. vanbreu-
seghemii and A. simii. Ail isolates used in this study can
be considered as reference material (Table 1), since they
were either type or reference strains or they were sub-
jected to rigorous identification by molecular and raor-
phological methods [8].

MALDI-TOF MS sample préparation

Strains were cultivated on agar slants containing diluted
(1/20) Sabouraud medium supplemented with 2% yeast
extract (BD Biosciences) for 12 days at 25°C before anal-
ysis with a Microflex LT (Bruker Daltonics, Germany).
The spores and filaments of the colonies were scraped out
using a toothpick (Hygostar), transferred in 300 pl of
stérile water and mixed thoroughly. Next, absolute
éthanol (900 pl) was added and the cells were centrifuged
at 13,000 g for 5 min at room température (RT). After
discarding the supematant, the pellet was air dried during
30 min, re-suspended in 50 pl of 70% formic acid (Sigma-
Aldrich), vortexed and incubated at RT for 15 min. Pure
acetonitrile (Sigma-Aldrich) was added to the suspension,
followed by an incubation of 15 min at RT. Finally, the
mixture was centrifuged at 13,(XX) g for 2 min, and 1 pl of
the supematant was placed onto an MALDI 96 polished
Steel target plate (Bruker Daltonics) and allowed to dry at
RT. Each sample was overlaid with 1 pl of a-cyano-
4-hydroxycinnamic acid HCCA matrix solution (in 50%
acetonitrile, 47.5% water and 2.5% trifluoroacetic acid).
After complété drying, MALDI-TOF MS analyses were
performed using the default settings. Spectra were recorded
in the positive linear mode in a mass range from 2-20 kDa
and using the MALDI Biotyper Automation Control soft-
ware. Instrument calibration was performed with BTS
(Bacterial Test Standard, Bruker Daltonics).

Spectrum library entries

In the présent study, a reference spectra library was created
and challenged. This library contained six dermatophyte
species (Table 1). Isolates used were cultured and extracted

© 2013 ISHAM. Medical Aiycolpgy, Early Online: 1-7
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I"ble 1 List of dermatophyte strains used in this study.

Species

Trichophylon quinckeanum

Trichophyton schoenleinii

Trichophylon interdigitale

Arthroderma benhamiae
(African race)
Arthroderma benhamiae
(Americano-European race)

Arthroderma vanbreuseghemii

Arthroderma simii

*Strains used to create the référencé speclra.

as described above. Each extract was spotted onto eight
individual wells, and spectra were collected in triplicate,
yielding a total of 24 spectra per isolate.

IHEM
number

13570*
13572
13573
13574
13575
13576
13577
13697
19665
5232*
13512
13513*
13515
13517
13820
13821
584*
620*
1104*
1210
1237
1723
2497
2562
2792
3227
3290

Source

Dog

Rodent

Rodent

Rodent

Rodent

Rodent

(RV7234)

Mouse

Human toenail

Human scalp

Human

Human

Human

Human scalp

Human scalp

Human

Human foot

Human skin

Floor (swimming pool)
Floor (swimming pool)
Flo(M' (swimming pool)
Floor (swimming pool)
Human foot

Human skin

Human skin

Human skin

Human foot

Floor (swimming pool)

Floor (tropical swimming pool, changing room)

Human nail
Human
Human

Monoascospore isolate from RV 23302 X RV 23303
Monoascospore isolate from RV 23302 X RV 23303
Type strain (monoascospore Isolate from TM20XTM17)

Human
Human skin
(RV32947)

Type strain (monoascospore isolate from TM20XTM17)

Human
Human
Chinchilla's hair

Type strain (m<HK>ascospore isolate nr 181 (RV 24720XRV 25645) X RV 27436)

Human foot
Human leg
Human scalp

Type strain (monoascospore isolate nr 187 (RV 24720 X RV25645) X RV 27436)
monoascospore isolate from RV 15726 XRV 15727
monoascospore isolate from RV 15726 X RV 15727
Type strain (monoascospore isolate from IM198944)
Type strain (nwnoascospore isolate from IM198944)

Human nail
Domestic fowl
Human skin

©2013 ISHAM, Medicof Myco/ogy. Early Online: 1-7

Identifiation of Tnchophyton sp. by MALDI-TOF MS

Pathogenicity

Favus
Favus
Favus
Favus
Favus
Favus

Favus

Tinea capitis
Favus

Favus

Favus

Tinea capitis
Tinea capitis
Favus

Tinea pedis
Tinea pedis

Tinea pedis
Tinea pedis
Tinea pedis
Dermatomycosis
Tinea pedis

Onychomycosis
Dermatomycosis
Dermatomycosis

Dermatomycosis
Circinate herpes
Dermatomycosis

Tinea pedis

Tinea corporis
Tinea capitis

Onychomycosis

Tinea corporis

Visualization of the relationship between the MSPs
was displayed in a dendrogram, carried out with the stan-
dard settings of the MALDI BioTyper 3.0 software, where
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distance values are relative and always normalized to a
maximum value of 1000.

Identifications

A total of 37 other strains were used to challenge this data-
base. To ensure reproducibility, mass spectra ffom three
biological replicates and two technical replicates were col-
lected for each isolate. Identifications were considered as
correct if the majority of the runs gave a correct identity.

Spectra of dermatophytes isolates were analyzed using
the reference spectra library and MALDI BioTyper 3.0
software (Bruker Daltonics, Germany), with logarithmic
scores from 0-3. Identification scores were divided in
three categories according to the manufacturer’s recom-
mendations: a&2.0, 1.70-1.999 and <1.70. To evaluate
the correctness of identification, we compared the resuit
obtained by MALDI-TOF MS with the taxonomie name
of the strains in the BCCM"/IHEM collection, which
is based on molecular, physiological, sequencing and
phylogenetic data.

Results

A database composed of MSPs from reference strains
représentative of six species [71 quinckeanum (n = 3),
71 schoenleinii (n = 2), 71 interdigitale (n = 3), A. benhamiae
(African race, n=2 and Americano-European race.

n =2), A. vanbreuseghemii (n =3) and A. simii (n=2)]
was constructed (Table 1). The similarity between the spectra
was analysed by the construction of a dendrogram (Fig. 1).

Identifications

To test the robustness of the database, it was challenged
with other strains of the same species (Table 1, 2 and Sup-
plementary Table 1, available online at http://informa-
healthcare.eom/doi/abs/10.3109/13693786.2013.770605).
Three biological and two technical replicates for each
strain were analyzed, and the obtained results are summa-
rized in Table 2. No isolate failed to generate spectra dur-
ing the MALDI-TOF MS run.

Of the 37 strains used to challenge the database, 89%
allowed an immédiate correct identification, while 11%
resulted in a misidentification. For the isolates 71 quinck-
eanum, one of the six resulted in wrong identification,
(71 schoenleinii instead of 71 quinckeanum in the case of
IHEM 13575). For A. benhamiae (Americano-European
race), one of the five resulted in an incorrect identification
(A. benhamiae [African race] instead of A. benhamiae
[Americano-European race] in the case of IHEM 19621).
For A. vanbreuseghemii two of the five were wrongly iden-
tified (71 interdigitale instead of A. vanbreuseghemii
for IHEM 10162 and IHEM 19643). For 71 schoenleinii,
71 interdigitale and A. simii no misidentification were seen
(Table 2).
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T guncJcatnum IHEM].SSYO
meml 14
T nlardvM* \HEMSBA
TMKdVialr \HEMBZO
A vanerMOhwni
A ttanbrauMphnrw \HEMlgml
A vartnusaghmm wewl4193
A cm» \HEMle
A cm IHEM4423
(A wendl2
( ») memdlsd
(Am eur) wemdT10
A benhéfﬂm(Am sury memllec

Fig. 1 Dendrogram: représentation of the distance level of the dermatophyte strains that were used for the création of the reference spectra library.
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I"ble 2 IdentiHcation of tbe 37 dermatophytes isolates with MALDI-
TOF MS technology.

No. (%) of isolates

Correct Incorrect
Group and species Total identifications identification
Trichophyton quinckeanum 6 5(83) 1(17)
T. schoenleinii 5 5(100) 0
Arthrodermo benhamiae
(Americano-European race) 5 4(80) 1 (20)
A. vanbreuseghemii 5 3(60) 2(40)
T. interdigilale 1 11 (100) 0
A. simii 5 5(100) 0
Total 37 33 (89) 4(11)

When taking for each isolate ail repeats into consid-
ération (three biological and two technical replicates) it
could be observed that some misidentifications occurred.
For T. quinckeanum IHEM 19665 was tnisidentified as
T. sckoenleinii and T. schoenleinii IHEM 13517 and
IHEM 13821 were wrongly identified as T. quinckeanum.
For A. vanbreuseghemii isolate IHEM 4412 was mis-
identified as T. interdigilale and T. interdigitale IHEM
2792 as well as A. simii IHEM 3256 were both faulty
recognized as A. vanbreuseghemii. It is surprising that
not ail repeats gave a correct resuit for tbe reference
strains IHEM 14193 CA. vanbreuseghemii) and 4421
(A. simii), though tbe identification is considered as
correct. This outcome highiights once more the impor-
tance of technical repeats for the préparation of refer-
ence spectra, since until presently no general standard
procedure has been accepted for the identification of
dermatophytes via the MALDI-TOF MS technology (see
online Supplementary Table | at http://informahealth-
care.com/doi/abs/10.3109/13693786.2013.770605).

Discussion

The identification of dermatophytes, and in particular the
taxa belonging to the T. mentagrophytes complex, is not
straightforward. Next to a morphological analysis, multilo-
cus gene sequencing is sometimes required. In this work,
we evaluated the use of MALDI-TOF MS for the identifi-
cation of dermatophytes ofthe T. mentagrophytes complex.
Our results showed that, by creating a solid reference data-
base using reference material, 89% of the tested strains
(not used as reference strains in the database) led to a rapid
and correct identification. Interestingly, in 26% of these
cases, identification scores were lower than 2, indicating
that even with low log scores, correct identifications can
be obtained. In all cases; spectra could be obtained by
the MALDI-TOF MS analysis, but in 11% of the cases,
this led to an incorrect identification. It should be noted

© 2013 ISHAM, Medkol Mycohgy, Early Online: 1-7
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however, that when using a total of six repeats per strain,
and based on their molecular, physiological, sequencing
and phylogenetic data considering the identification found
in the majority of the repeats as correct, only four out of
the 37 strains (11%) were wrongly identified.

The wrong identifications observed between T. schoen-
leinii and T. quinckeanum indicates that the obtained spectra
were very similar between the mistaken taxa. Species délin-
éation and taxonomy in this complex is unclear and was
recently re-evaluated by Béguin et al. by a multilocus phy-
logenetic approach using sequences of the Intemally Tran-
scribed Spacer région (ITS), Beta Tubulin (BT) and Actin
(Act) [8]. In this study, species-level misidentifications for
T. quinckeanum and T. schoenleinii were observed. Strains
of the former taxon were identified as the other and vice
versa. The work performed by Béguin et al. showed in fact
that these two taxa are not only part of the T. mentagro-
phytes complex, but are phylogenetically also very closely
related, which could explain the wrong identification by
MALDI-TOF MS. The close relationship of these taxa is
also reported by Makimura and co-workers [17]. Indeed,
despite the fact that both dermatophytes differ in morphol-
ogy, habitat and clinical picture, they have common char-
acteristics such as the production of scutula [18,19].

In the case ofA. simii, the misidentifications were deter-
mined as A. vanbreuseghemii. These results underline once
more the strength of MALDI-TOF MS to distinguished
closely related taxa since Béguin et al. demonstrated that
A. simii is a sister group of the clade containing T. quinck-
eanum [8].

Based on their ITS sequence [17] and by analysis of
their CHSI gene and mitochondrial DNA [20-22], the
Americano-European and African races within the A. ben-
hamiae clade were clearly distinguished. This observation
was also seen when using the MALDI-TOF MS technol-
ogy, where only one misidentification was seen for A. ben-
hamiae Americano-European race, which was identified as
A. benhamiae African race.

The fact that A. vanbreuseghemii and T. interdigitale
could clearly be distinguished from each other with the
MALDI-TOF MS technology, confirms the view of Béguin
et al. that these taxa are clearly genetically different from
one another [8]. The authors motivate that T. interdigitale can
therefore no longer be recognized as the anamorf of A. van-
breuseghemii and that the taxon T. interdigitale forms a sub-
specific group ofthe latter [8]. Our data provides an additional
argument for this view. In general, in all cases were an incor-
rect identification was observed, a phylogenetically closely
related taxon was recognized instead. These data indicate
that the observations made by MALDI-TOF MS analysis
correlate with phylogenetic data. Indeed, the dendrogram
(Fig. 1) that outlines the similarities between the obtained
spectra is very similar to the phylogenetic tree [8].
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Based on the obtained results, the présent study can be
considered as a proof-of-principle for identifications of
phylogenetically closely related dermatophytes with the
MALDI-TOF MS technology.

To conclude, our study indicates that MALDI-TOF MS
is a fast, straightforward and user-friendly technique that
allows identification of dermatophytes. In this study, 89%
of the runs could readily be identified. The minor amount
of erroneous identifications is, in our opinion, made up for
by the réduction in analysis time and cost. Taking into
account the difficulty of identification of dermatophytes,
and the relatedness of the taxa in our study group, MALDI-
TOF MS provides a powerfui alternative for the identifica-
tion of dermatophytes.
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. Multilocus sequence typing (MLST) and flagellin gene typing are
methods currently used for the typing of Campylobacterjejuni.
ts " However, these_rr_]olecular me_thods are egpensive and time

s consuming: theirimplémentation in a routine laboratory is therefore

difficult. This work was designed to explore matrix-assisted laser
.| , desorption/lonisation time-of-tlight mass spectrometry (MALDI-TOF-

".“~ MS) as a new typing System for Campylobacter directiy from culture

on agar plates

METHODS

y, 20 randomly selected human Campylobacterjejuni isolates belonging to 8
types (ST) and 4 clonal complexes (CC) were investigated on a VITEK MS RUO System
IX. .Morcy |'Etoile, France),

présence or absence of distinct spectral peaks as potential strain-specific biomarkers for CC

ST was analysed. A formic acid extraction was performed and ail isolates were smeared in
druplicate. One mL of CHCA matrix solution was applied on each bacterial deposit and
osable MALDI targets were used. The studied masses ranged from 2.000 to 20.000 Da.

RESULTS

Considering the 80 different spectra obtained by the VITEK MS RUO System, 60 peaks were
detected in ail spectra. Several spécifie peaks were found for CC021, ST356, ST572 and ST021.

CHCA
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CONCLUSION

This preliminary study suggests that a standard MALDI-TOF MS procedure Is a promising tool for
the typing of Campylobacter Jejuni.

The major advantage of fhis potential new subtyping System Is that it requires the same MALDI-
TOF MS platform as the one used for bacterial identification at the species level.

The testing will be expanded to a larger panel of strains covering additlonal ST and CC to confirm
the potential ot spectral peak signatures as a rapid subtyping screening tool.



