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We show here that matrix-assisted laser desorption ionization–time of flight mass spectrometry (MALDI-TOF MS) accurately
and quickly identified the five high-risk clones of Pseudomonas aeruginosa sequence type 111 (ST111), ST175, ST235, ST253, and
ST395. The use of this screening technique by clinical microbiology laboratories may tackle the spread of high-risk clones by the
quick implementation of hygiene control procedures for relevant patients.

Pseudomonas aeruginosa has a nonclonal population structure with
a few multidrug-resistant clusters, called “high-risk clones,” that

frequently produce acquired �-lactamases with an extended spec-
trum and are responsible for outbreaks in hospitals worldwide (1–
13). The quick implementation of infection control measures for rel-
evant patients may tackle the spread of these epidemic clones, but
current identification is long and complex since it is based on the
analysis of nucleotidic sequences. A quick and easy method for iden-
tifying high-risk clones of P. aeruginosa is then needed. Matrix-
assisted laser desorption ionization–time of flight mass spectrom-
etry (MALDI-TOF MS) was recently integrated into the routine
workflow of medical microbiology laboratories for microbial
identification and has been further used for subspecies character-
ization (14). Here, we evaluated the ability of MALDI-TOF MS to
identify high-risk clones of P. aeruginosa.

Identification of peak biomarkers for five major high-risk
clones of P. aeruginosa. In order to identify five major high-risk
clones of P. aeruginosa (sequence type 111 [ST111], ST175, ST235,
ST253, and ST395), we first defined recognition models with a
training set of 46 isolates with known STs distributed homoge-
neously in the phylogenetic tree (Table 1 and Fig. 1). Frozen bac-
teria were streaked onto Mueller-Hinton agar (Bio-Rad) and in-
cubated for 18 h at 37°C. As previously reported (15), each isolate
was extracted with the ethanol-formic acid method recom-
mended by Bruker Daltonik and analyzed with a Microflex LT
mass spectrometer (Bruker Daltonik), which generated 24 raw
spectra. We analyzed the spectra with the software ClinProTools
3.0 (Bruker Daltonik), which defined six models based on peak
biomarkers (Table 1). The reliability and accuracy of each model
were assessed through the recognition capabilities and the cross-
validation values. The models identified all the tested high-risk
clones of P. aeruginosa with high recognition capabilities (�96%)
and cross-validation values ranging from 72.5% to 100% (Table
1). Four models directly identified ST111, ST175, ST253, and
ST395, while the identification of ST235 required a preliminary
stage to identify cluster 1, which encompasses ST235 (Fig. 1).

We then manually examined the spectra with ClinProTools 3.0
to assess the relevance of the peak biomarkers of each model (Ta-
ble 1). Peaks were defined as biomarkers in a model because of
their presence or absence or relative abundance between two
tested classes. Figure 2 details only the peak biomarkers in which
presence or absence was specific for a class.

We further assessed the performances of the six models with an

independent validation set of 295 isolates homogeneously distrib-
uted in the phylogenetic tree (Table 1 and Fig. 1). Isolates were
prepared with the direct-transfer method, which is routinely used
in clinical laboratories (15). One raw spectrum was collected per
isolate and classified with the six models. We identified the high-
risk clone ST111 with a sensitivity of 81.8% and ST175, ST235,
ST253, and ST395 with higher sensitivities (�96.3%). The speci-
ficities of our typing method were high (�96.6%) for ST111,
ST175, ST253, and ST395 and lower for ST235 (82.5%). The pos-
itive predictive values ranged from 41.2% to 89.5%, and the neg-
ative predictive values ranged from 97.0% to 100% (Table 1).

Strengths and limitations of the method. MALDI-TOF MS
distinguished the five tested intercontinental high-risk clones,
ST111, ST175, ST235, ST253, and ST395. We deliberately in-
cluded as many different STs (n � 157) of P. aeruginosa as possible
from various hosts (humans [n � 128]; animals [n � 66]) to take
into account the genetic diversity of the species (Fig. 1). Although
other high-risk clones (e.g., ST277, ST357) are good candidates
for identification by MALDI-TOF MS, the low number of isolates
of these STs in our collection made it impossible to calculate and
validate dedicated models. Nonetheless, given that MALDI-TOF
MS successfully identified all the tested high-risk clones, this tech-
nique can presumably detect other clones. Interestingly, the few
isolates that were misclassified by the models were scattered across
the phylogenetic tree of P. aeruginosa (data not shown). The
MALDI-TOF MS method had satisfactory positive predictive val-
ues for the routine detection of ST111, ST235, and ST395. Al-
though MALDI-TOF MS detected ST175 and ST253 with low pos-
itive predictive values (�60%), the two corresponding models
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FIG 1 Distribution of the 157 STs of the isolates of Pseudomonas aeruginosa used for the typing strategy on a dendrogram built with the data of all known STs
(n � 1,595). STs belonging to the training set are indicated by bold type. Isolates were genotyped by multilocus sequence typing as previous described (4). The
maximum-likelihood tree was constructed with RAxML 7.2.8 and visualized with Dendroscope 3.2.10 (13). In every case, 1,000 bootstrap repetitions gave values
higher than 900 for most branches. Pseudomonas fluorescens PfO-1 was used as the outgroup.

FIG 2 Peak biomarkers allowing MALDI-TOF MS to identify ST111, ST175, ST235, ST253, and ST395. The mass spectra were visualized with ClinProTools 3.0
(Bruker Daltonik). Units on the x axis represent the mass per charge (m/z), and those of the y axes represent the relative intensity in arbitrary units. (A) Peak at
m/z 9,617 was specific to the STs of cluster 1, while that at m/z 9,586 was specific to the other STs. (B) Within cluster 1, isolates of ST235 specifically displayed a
peak at m/z 11,610 and lacked a peak at m/z 5,813. (C) Isolates of ST111 were characterized by two specific peaks at m/z 3,657 and m/z 10,538 and the absence of
a peak at m/z 12,579. (D) Absence of peaks at m/z 7,329 and m/z 12,154 combined with a peak at m/z 7,359 with a high intensity were specific to the ST175 isolates.
(E) Isolates of ST253 lacked a specific peak at m/z 5,813. (F) Peak at m/z 8,550 was specific to isolates of ST395.
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had a 100% negative predictive value, thereby excluding these
high-risk clones with certitude.

Clinical laboratories use various culture media provided by
various manufacturers. We tested the robustness of the method
with a subset of representative isolates (n � 51) grown on various
culture media. Briefly, we found that MALDI-TOF MS identified
all tested high-risk clones grown on sheep blood agar (blood from
Thermo Fisher Scientific, Columbia agar base from Mast) and that
ST235, ST253, and ST395 were accurately identified from other
manufacturers’ Mueller-Hinton agar (bioMérieux) and MacCon-
key medium (Mast).

One limitation in the broad use of this typing strategy is that
the ClinProTools 3.0 software has to be purchased separately from
the MALDI-TOF MS apparatus. Equipped laboratories can freely
download the method-containing files from our website (http:
//projet.chu-besancon.fr/rfclin/ClinProTools/) to skip the time-
consuming steps of strategy design. However, each laboratory
must validate the technique with its own instruments and culture
media.

In conclusion, although multilocus sequence typing (MLST)
remains the gold standard for the analysis of the genetic popula-
tion of P. aeruginosa, the delay required for this sequence-based
ST determination is not compatible with efficient management in
an outbreak. Hence, the quick identification of high-risk clones
that are more prone to disseminate would facilitate the manage-
ment of a P. aeruginosa outbreak. We showed here that MALDI-
TOF MS can detect high-risk clones of P. aeruginosa accurately,
quickly (�1 min), and inexpensively. MALDI-TOF MS can type
the isolates from the very spot used for species identification and
prepared by a direct-transfer method. This may help limit the
spread of high-risk clones by the quick implementation of hygiene
control procedures for relevant patients.
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