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Summary

BACKGROUND: A completely new approach to diagnose
microbial agents at least one day earlier based on mass
spectrometric analysis becomes possible in the microbi-
ology laboratory: MALDI TOF: matrix-assisted laser de-
sorption/ionisation time-of-flight. Comparison between
results of the new procedure with those obtained by con-
ventional testing is mandatory.

METHODS: 204 clinical isolates grown on agar plates
were analysed both, by the MALDI TOF Bruker microflex
apparatus and by conventional identification using the
VITEK II and API systems, both from bioMérieux.

RESULTS: Of the identified isolates, 72 were gram-
positive and 130 gram-negative; 2 were yeasts (candida).
Concordance was seen with 61/72 (85%) of the Gram-pos-
itive bacteria and with 115/130 (88%) of the Gram-neg-
ative bacteria. In 27 samples (13.2%), a discrepancy of
the species and/or genus was obvious. The discrepancy ap-
peared with 16 gram-negative (12.2%) and with 11 gram-
positive germs (15.3%, n.s.). In the latter group, 6 samples
showed discordance with Streptococcus pneumoniae
(MALDI) and Streptococcus mitis/oralis (conventional
identification) constellation. Among gram-negative
samples, most differences occurred on the species level
only, e.g. Enterobacter cloacae versus Enterobacter kobei.
In 5 cases, discordance was major and appeared on the
genus Streptococcus/
Gemella, Microbacter/
Sphingomonas and Candida/Cryptococcus. The most out-

level:  Enterobacter/Raoultella,

Pseumdomonas/Burkholderia,

standing difference was Microbacterium arborescens
(MALDI TOF) and Sphingomonas paucimobilis (conven-
tional). Molecular biological identification of two Strepto-
coccus mitis group bacteria confirmed the erroneous dia-
gnosis by MALDI TOF of Streptococcus pneumoniae.
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CONCLUSION: Good comparability between MALDI
TOF analysis and conventional identification procedures
(86.8%) but special caution is needed when identifying
streptococcal species.

Key words: MALDI TOF; microbiology; bacteria;
infectious disease, gram stain

Introduction

In addition to morphological, biochemical microbiological
testing analysis along with molecular identification at the
DNA and mRNA levels, the matrix assisted laser induced
desorption ionisation (MALDI), connected to the time of
flight (TOF) channel, is now becoming a third diagnostic
pillar with strong discriminating power [1-4]. Thanks to
the possibility to ionise and introduce non-volatile mo-
lecules into the mass spectrometer, this technique allows
for classification and identification of micro-organisms
through proteomic fingerprinting and comparison of the
spectrometric peak pattern with the MALDI biotype data
base which uses the BLAST (Basic Local Alignment
Search Tool) procedure; the results are expressed using
standard scores based on algorithms for specific identifica-
tion of the biomarker proteins (SIBP).

A major thrust to use MALDI comes from its time sav-
ing benefit: the 24-48 h needed with culture-based meth-
odologies is cut down to a few minutes. At our institution,
a MALDI TOF analyser was introduced into the workflow
as early as January 2009. At that time, only few studies
were available which compared bacterial identification ob-
tained on MALDI TOF with those resulting from conven-
tional procedures; In light of this very new time-saving dia-
gnostic tool, many health authorities have yet to approve
this technology. At this early stage of MALDI TOF intro-
duction into daily practice, comparison of microbes iden-
tified through this expedite procedure to conventional pro-
cedures seems mandatory; this paper reports the results of
a comparative analysis on 204 clinical specimens for bac-
teriological analysis provided by MALDI TOF and by con-
ventional BactAlert (API) and Vitek 2 biotype system.
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Material and methods

The origin of 204 clinical samples was the following: 66
samples were urine specimens, 17 positive blood cultures,
27 genital specimens, 27 wound swabs, 23 faecal speci-
mens and the remainder were 6 sputum and various other
samples taken under precaution to avoid commensal con-
tamination.

All isolates from the different origins were recovered
after aerobic, microaerophilic and anaerobic incubation of
clinical specimens. As a bacterial culture medium, citrated
sheep blood agar was used with the CPDA-1 adenine-en-
riched formula. Growth of colonies was ascertained after
overnight incubation by visual inspection. Blood cultures
were applied at the patients bed side to BacT/ALERT®
FN culture flasks and placed at our institution for 7 days
in the automated BacT/ALERT® system (bioMérieux, Inc,
Durham, NC; USA).

The conventional identification of microbes comprised
two biomerieux® products:

For VITEK® 2 ID testing the ID-GP and GN cards were
used. Evaluation was done by colorimetric analysis by the
apparatus relating to its data base provided by the supplier.

A sufficient number of colonies was suspended in
sterile saline (0.45%) and the McFarland turbidity was ad-
justed to .45%.

The API20® strips were applied where indicated and
API tests were performed according to the manufacturer’s
instructions. The metabolic results were read using an ap
20E (biomérieux)(ref no 20 100/20 160) and api20NE.

With 6 cultivated germs, a 16S rDNA fragment (800
bp) was sequenced. For this purpose, samples were sent
to the Institute for Medical Diagnosis (www.imdlab.ch
Zurich, Switzerland) where DNA was extracted, 16S ribos-
omal RNA genes amplified and 16S rRNA gene clone lib-
raries constructed and compared between groups. An isol-
ate was correctly identified when its almost full-length 16S
rRNA gene sequence yielded >98.7% sequence similarity
with the closest bacterial species sequence in the GenBank.

The three procedures reveal their results as a printout
of the identified germ corroborated by a concurrence score.
These are calculated by the intrinsic BLAST software of
analysers which compare the data of the analyte with the
data bank.

In parallel to inoculation into both, the Vitek identifica-
tion cards and API ANA strips, one single colony was dir-
ectly deposited on a MALDI-TOF MTP 384 target plate
(Bruker Daltonik GmbH). The preparations were overlaid
with 1 pl of matrix solution (saturated solution of a-cy-
ano-4-hydroxycinnamic acid in 50% acetonitrile, and 2.5%
tri-fluoracetic-acid). The matrix-sample was crystallised by
air-drying at 20-24 °C for 5 min. Mass spectrometry, data
acquisition and spectra standard pattern matching as de-
scribed elsewhere in detail [1]. As for validation of the res-
ults, we used score values proposed by the manufacturer of
the apparatus: a score of >1.9 indicated species identifica-
tion, a score of 1.7-1.9 indicated genus identification and a
score of <1.7 indicated no identification.
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Results

Validation studies

In order to explore potential intrinsic variations of results

obtained on our MALDI TOF system, we first assessed its

stability in the release of bacterial identification data. Three

types of procedures were chosen.

L. culture dependency. Cultures of Escherichia coli were
grown on the two genus-specific differential media,

Result reported Organism group MALDI D score

Gram

Aeromonaceae
Anaerobier
Entercosci
Enterobacteriaceae
Gram negative cocel
Gram negative rods
Gram positive rods.
negative rods
Staphylocoeei
Streptococi
score<1.70

score 1.701.89
score>2.0

Yeasts

Acinetobacter baumannii

Acinelobacior hobaiensis

Acinetobacter johnsoni
Acinelobactor schindlon

Acinetobacter ursingii

Asromonas hydrophila 1

Bacteroides fragilis 1

Bacteroides ovatus 1

Bacteroidos thatajotaomicron 1

Campylobacter fotus 1

Campylobacter jejuni 1

Candida glabrata 1 1

Candida tropicalis 1

Citrobacter amalonaticus

Citrobacter koseri

1
Citrobactor froundii 4
1
1

Citrobacter murliniae
Clostridium diffcile 3 1

Comomonas kerstersii 2

Comynebacterium pseudodiphtericum

Corynebaclerium propionicum

Corynebaterium simulans

Corynebaterium tuberculostearicum

Enterobacter agrogenes

Enterobacter asburiae.

Enterobacter cloacae

Enterobacter kobei

Enterococus faecalis 1" DK

Enterococcys faecium 4 1] 8] e

Escherichia col 35 1] 5| 2] 38

Ewingelia americana 1 1 1

"Haemophilus influenzae 3

Hafnia alvei 1

Kiebsielia oxytoca 3

Klebsielia peumoniae 20

Lactococcus lactis T

Microbacterium arborescens. 1

Moraxella catarhalis 2| o

Morganelia morganii 2

Neisseria flavescens 1

Pasteurefia muttocida 2 1

Plesiomonas shigelloides 1

Protous mirabifis 8

Protsus vuigaris 1

Psoudomonas soruginosa 7

1
1
2
2
1
Neissoria macacae 1 1
1
1
8
1
7
1

Pseudomonas putida 1

Pseudomonas tiolaasii 1 1

Racultella omithinolytica 2 2

Recultella terrigena ! b

Rothia muciaginosa 2 2

Serratia marcescens 2 2

Staphpioconcus aureus s s
T ep— I e m
Staphploconcus heemolylious B 2] s
Staphyioconcus homis ' I
Staphylococcus lugdunensis 5 5 5
Staphylocoraus saprophytieus 3 s ] «
Stenotrophomonas maltophilia 3 3 3
Seeptococcas sgalaciae P 2 2
Streptococcus anginosus 1 1 1
Streptococeus dysgalactiae 1 1 1
Straptococcus massiliensis 1 1 1
Streptococcus pneumaniae 10 1 3 6| 10
Straptococcus pseudoporcinus 1 1 1
Total 1 6| 15| 95 2| 10 8 2| 19| 30| 16 §| 28| 169 | 204

Table 1

Clinical isolate characterisation listed by organism group and
MALDI identification score

204

Germs

72

Gram+ — Concordant identifications

= Discordant identifications

61 10 1]
Difference on species level 9 13 22 species disparities
Difference on genus level 1 1 2 5 genus dispariies

Figure 1
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one lactose-enriched and the other the gram-negative
rod selective MacConkey agar plates. In 7 out of 7
experiments, the classification results revealed
significant scores for Escherichia coli. Previously
identified aerobic, gram-negative Acinetobacter
ursingii and johnsonii cultures in lactose-
monohydrate-enriched medium were applied to 2 and
4 sample positions on the metal MSP 96 ground plate
of MALDI Bruker and 2 out of 2 results revealed the
ursingii and 4 out of 4 revealed the johnsonii species
of this proteobacterium with score values in 5 out of 5
identifications >2.0.

II. reproducibility assessment. The following clinical case
showed significant reproducibility. Ten blood cultures
growing Staphylococcus lugdunensis were taken at 10
different time points and at different vascular catheter
access sites of an 87 year old female suffering from
bacterial sepsis in the course of surgery on her heart
valves. The 10 different samples identified on the
MALDI Bruker model revealed 10 times
Staphylococcus lugdunensis with a mean concurrence
score value 0f 2.272 + 0.134 (x + 2 SD).

I1I. score/rank consistency. We analysed a sample of the
fungal eukaryote Candida glabrata, previously
identified using conventional procedures. The MALDI
Biotyper revealed matched patterns for score values
ranging from 1.659 to 1.396 in the first 4 rank places,
a consistency that refutes the presence of another germ
than Candida glabrata.

Comparative analysis of MALDI TOF bacterial
identities and conventional procedures

In order to assess identity/disparity of the results obtained
with MALDI-TOF to conventional identification, we ana-
lysed the 204 clinical samples with both procedures. Of
the 204 isolates identified, 72 were gram-positive and 130
were gram-negative strains and 2 were yeasts (candida).
The correct MALDI identification, compared to conven-
tional identifications was 86.8%. In 27 samples (31.2%),
a disparity of the species and/or genus name became ap-
parent: it appeared in 16 gram-negative (12.3%) and in 11
gram-positive germs (15.3%, n.s.). The characterisation of
the clinical isolates is listed in the order of organism group
on table 1.

The disparities in genus and species-assignments by
MALDI TOF and conventional procedures (fig. 1) are as
follows: in 14 of 27 discrepancies the disparity is of minor
importance for patient and clinician, since the different
identifications by MALDI TOF and conventional proced-
ure are minor and comprise germs causing similar clinical
pictures and exhibit the same antibiotic sensitivity pattern.
The decision which result — conventional identification or
MALDI TOF — is to be released to the clinician, is made
on a case by case basis. In 13/27 disparities, the differential
identities are major and clinically significant (table 2).
Among them, 6 samples showed the same disagreement
with Streptococcus pneumoniae (MALDI) and Streptococ-
cus mitis/oralis (conventional identification) constellation.
Among gram-negative samples, most instances exhibited
a difference on the species level only, e.g. Enterobacter
cloacae versus Enterobacter kobei. Twenty-two discordant
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results were seen on the species level. However, in 5 in-
stances, the differences related to genus disparities: En-
terobacter/Raoultella, Streptococcus/Gemella, Pseudomo-
nas/Burkholderi, Microbacter/Sphingomonas and Can-
dida/Cryptococcus. The most pertinent difference was Mi-
crobacterium arborescens (+) (MALDI) and Sphingomo-
nas paucimobilis (—) (conventional identification).

With 6 clinical samples selected for their disparity
between MALDI and conventional testing, the 16S rRNA-
Gene PCR was performed on 880 base pairs and compared
to results obtained with MALDI TOF and conventional
identification.

In 2 out of these 6 isolates, the MALDI TOF results
were confirmed. In another 2 samples a clinically irrelevant
minor base-pair difference between the species aligne-
ments was seen, whereas in one sperm and one urinary
sample the putative discrepancy between Streptococcus
mitis and pneumoniae assignment appeared again (see
above) (table 3).

Discussion
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Table 2

Discordant results etween MALDI and Conventional Identification
for 27 clinical isolates.
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The clinical advantage of accelerating microbial diagnosis
to speed up specific antibiotic and supportive treatment
will continue to encourage the introduction of faster, inex-
pensive and accurate methods for identifying bacterial isol-
ates. Proteomics-based MALDI TOF for bacterial identific-
ations are basically different from current routine practice
based on phenotypic tests, culture and growth characterist-
ics as well as biochemical patterns based on metabolomics.
In 2009, the MALDI Biotyper obtained an IVD-CE mark
with a Declaration of Conformity in accordance with the
European Union in vitro Directive 98/79/ES. At the time
of this report, the biotyper is not certified by Swiss Health
Authorities for use in routine diagnosis which prompted us,
despite its acceptance in the EU, to focus on reproducibil-
ity and comparability studies.

Earlier comparative studies found similar correct-
identification-rates, i.e., in agreement with conventional
procedures; one study found similar comparisons to those
found here [1] (84.1%) and another study [2] found 99.1%
and a third study [3] found 93% versus 86.8% here. In the
former study, the improved correlation is probably due to
attributing 16S rDNA gene sequencing the value of a “gold
standard”: the researchers thus were considering the mo-
lecular biological procedure as an axiomatic procedure to
resolve the discordant findings. It is well known that dif-
ferent sequences within a short base pair stretch may ques-
tion species alignment based on metabolomic identifica-
tion and the confrontation of gene sequencing and MALDI
TOF are a topic of recent studies [5]. One might recognise
16S rDNA sequencing as a gold standard bearing in mind
that other standard identification methods provide essen-
tial information for the clinical relevance of a given germ.
At least 16S rDNA genotyping does not form part of daily
routine in most microbiology routine laboratories, whereas
MALDI TOF is on its way to become so.

Although performed on a restricted number of clinical
samples (204), our study focuses on the major clinically
important germs currently encountered. Similar validations
were performed by other study groups [2—4]. Most cases of
misidentification are due to disparities at the species level
and some are due to improper/incomplete database entries
such as Raoultella planticola, an example observed, at the
time of writing. With respect to clinical decision making,
our observations direct special attention to the genus strep-
tococcus on its species level.

Phylogenetic analysis based on 16S rRNA sequences
of strain types of the more than 50 Streptococcus species
revealed a clustering pattern with the mitis group standing
apart: this group contains one of the leading pathogens in
clinical pathology, Streptococcus pneumoniae along with

sample 16 A maLDI Conventienat identfication
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Table 3

Comparative analysis of bacterial identification including MALDI,
conventional identification and 16S rRNA sequencing
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11 species that are prototype commensals of the upper res-
piratory tract; the problems of identification in clinical mi-
crobiology laboratories between the Streptococcus pneu-
moniae being strikingly similar to the three commensal
species Streptococcus mitis, Streptococcus oralis and
Streptococcus infantis. The distinction between Strepto-
coccus pneumoniae and Streptococcus mitis is difficult by
definition, since the two species are genotypically close,
unless a bile solubility test is used for differential diagnos-
is: pneumoccci dissolve, streptococci resist.

We cannot formally exclude transfer-related discordant
results when the technician deposits culture aliquots to the
target plate, although our working protocols implement
written double-checks.

Recently published results from polyphasic phylogen-
etic analysis of genetic cluster studies disclose some of
the pathways of the evolution crossed by pathogenic and
commensal streptococci [6]. A recent study of 212 positive
blood cultures representing 32 genera and 60 species failed
to distinguish the mitis from the pneumoniae species of
Streptococci [4] and MALDI TOF is well known to fail
in producing significant matches of Streptococcus pneu-
moniae with genome databases (http://hdl.handle.net/1853/
5047) at least at present [4]. When 16S sRNA gene analysis
was taken as a diagnostic starting point, none of the isol-
ated germs revealed identical designations. It thus appears
that a taxonomical difference prevails over the suspicion,
that there was a true difference in germ identity even more
so as in each of the 6 instances the genus specificity was
identical across the board to genus identity. We cannot ex-
clude, that a particular culture allowed for growth of two
closely related germs, the one identified by 16S sRNA gen-
otyping, the other by either one of the other two proced-
ures.

The disparities seen on the species level may be of
minor significance as regards the antibiotic resistance pat-
tern, hence the importance of the clinical context. It is well
known, that microbes of the same genus share their strategy
in developing resistance using ribosome-derived nucleic
acid sequences but subtle differences in individual germs
may determine the extent of their virulence. Thus, virulent-
phase cultures of Bordetella pertussis, but not other Bor-
detella species specifically recruit the complement system
Cl1 inhibitor from human serum thus acquiring resistance
[7]. In addition, Staphylcoccus aureus sheds a 50 kDa com-
ponent from its surface which increases factor I cleavage of
C3b thereby compromising host resistance [8].

With respect to table 2a which lists the results released
on the basis of conventional identification, our study sup-
ports the view that proteomics-dependent MALDI TOF
should not completely outdate traditional metabolomic-de-
pendent identification algorithms. These will be further
needed in clinical microbiology, despite their shortcom-
ings: time-consuming metabolic reactions, including resist-
ance to antibiotic profiles, morphological and observer-de-
pendent judgments. The future will confirm the economic
impact of such widespread use of MALDI TOF. A recent
report supports replacement of labour-intensive procedures
by MALDI TOF [9]. Other endeavours adding value are
under way: thus, broad-range PCR and microarray-based
platforms designed to identify bacterial pathogens in pos-

Page 4 of 5


http://hdl.handle.net/1853/5047
http://hdl.handle.net/1853/5047

Original article

itive blood cultures have proven sensitive, specific and al-
most as fast as MALDI, since they are based on amplifica-
tion and detection of gyr B, par E, and mecA genes of the
50 most common bacterial species [10]. While such an ap-
proach might be integrated into everyday laboratory work-
flow in primary-care, its usefulness must still be proven for
general care microbial diagnosis for which MALDI TOF
seems more appropriate. The time saving approach now
provided by the MALDI based protein fingerprinting of
bacterial identity raises hope that daily rounds of treating
physicians will further improve based on progress in the
microbiology laboratory.

Mr G. Brighouse, MTA, Department of Pathology,
University of Geneva, did linguistic editing.
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