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This study was undertaken to evaluate matrix-assisted laser desorption ionization–time of flight mass
spectrometry (MALDI-TOF MS) for the rapid identification of beta-hemolytic streptococci. We compared
Bruker Biotyper 2.0 with Vitek2 coupled to the agglutination test. MALDI-TOF MS analysis of 386 betahemolytic streptococcal isolates yielded high-confidence identification to the species level for all 386 isolates.
The Vitek2 gave high-confidence identification to the species level for 88% of Streptococcus agalactiae isolates
(n ⴝ 269/306), 92% of Streptococcus pyogenes isolates (n ⴝ 48/52), and 39% of isolates of Streptococcus
dysgalactiae serogroups C and G (n ⴝ 11/28).
plates at 37°C with 5% CO2. After overnight growth, each
sample was identified using the Gram Positive Identification
card (GP ID) of the Vitek2 instrument coupled to latex agglutination to determine the Lancefield groups.
Bruker Biotyper version 2.0 platform with library V.3.1.1.0
with 3,740 database entries was used for MALDI-TOF MS
identification. MALDI target plates were inoculated by applying a small amount of a single freshly grown overnight colony
directly onto a ground steel MALDI target plate in a thin film.
The microbial film was then overlaid with 1.5 l of a MALDI
matrix (a saturated solution of ␣-cyano-4-hydroxycinnamic
acid in 50% acetonitrile–2.5% trifluoroacetic acid) and allowed
to dry at room temperature. The plate was inserted into the
source of a MicroFlex MALDI-TOF MS instrument (Bruker
Daltonics). Mass spectra were collected from 2,000 to 20,000
Da in linear ion mode, using 240 shots of a 20-Hz nitrogen
laser for ionization. All spectra were analyzed using the Bruker
Biotyper 2.0 software package and compared to reference
spectra for identification. Isolates were tested in duplicate by
MALDI-TOF MS and by Vitek2 according to the manufacturer’s protocol. For MALDI-TOF MS analysis, species identification (score of ⱖ2.0), genus identification (score of ⱕ2.0 but
ⱖ1.7), major error (incorrect genus), minor error (correct genus with incorrect species), and no identification (score of
⬍1.7) were scored. Definite identification at the species level
was accepted when the identification by phenotypic biochemical methods exactly matched the identification by MALDITOF MS. Whenever the methods yielded discordant results,
we performed 16S rRNA gene sequencing as described in a
previous publication (3).
MALDI-TOF MS analysis of 386 subcultured beta-hemolytic streptococcal isolates yielded high-confidence identification to the species level for all 386 isolates (score of ⬎2.0) with
100% concordance with the Lancefield group classification as
determined by the latex agglutination kit. The Vitek2 gave
high-confidence identification to the species level (percent
identification [%ID] of ⬎95) for 269/306 isolates of S. agalac-

Matrix-assisted laser desorption ionization–time of flight
mass spectrometry (MALDI-TOF MS) is a new technology for
species identification based on the protein composition of microbial cells. Although the first descriptions of this method
were published more than 10 years ago (5, 8), a wider use in
routine microbiology laboratories became possible only recently when successful species identification for different genera was demonstrated (1, 4, 6, 7, 9, 11–14). The most prominent advantages of the technology are speed and low cost
(running cost), provided that a quality-controlled database of
reference spectra, including all relevant microorganisms, is
available. Substantial efforts have led to standardized sample
preparation protocols (2), leading to improved reproducibility,
databases, and analytical tools (10, 12). These new-generation
methods are compared with state-of-the art sequence-based
and conventional biochemical identifications in the present
study.
We evaluated the discriminative power of MALDI-TOF MS
on 386 beta-hemolytic streptococcal isolates (306 isolates of
Streptococcus agalactiae, 52 isolates of Streptococcus pyogenes,
10 isolates of Streptococcus dysgalactiae serogroup C, and 18
isolates of Streptococcus dysgalactiae serogroup G). Diagnostic
accuracy was determined by comparing the MALDI-TOF MS
system against conventional phenotypic characterization using
the Gram Positive Identification Card (GP ID) of the Vitek2
system coupled to latex agglutination (Bio-Rad, Marnes-laCoquette, France).
Samples originated from the following sources: gynecological swabs (n ⫽ 260), urine (n ⫽ 20), respiratory tract (n ⫽ 50),
wound and skin swabs (n ⫽ 36), and blood cultures (n ⫽ 20).
All suspect isolates were subcultivated on sheep blood agar
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TABLE 1. Accuracy of MALDI-TOF MS identification of 386
beta-hemolytic streptococcal isolatesa
No. of isolates (%) found by:
Organism group (no. of
isolates) and
identification parameter

Streptococcus pyogenes (52)
Species correct
Major error
Minor error
No identification

MALDI-TOF MS
identification
with score
of ⬎2.0

Vitek2
identification

52 (100)
0
0
0

48 (92)
2 (3.8)
0
2 (3.8)

16S rRNA
gene
sequencing

4 (7.7)

3005

routinely identify beta-hemolytic streptococci to the species
level in less than 5 min per sample, at minimal cost (cost of
reagents), and with high diagnostic accuracy. MALDI-TOF
MS-based identification therefore provides much cheaper,
faster, and more accurate identification of beta-hemolytic
streptococcal species than conventional phenotypic identification methods. This is especially relevant for routine clinical
microbiology laboratories, since most results can now be reported 1 day earlier.
REFERENCES

306 (100)
0
0
0

269 (88)
2 (0.7)
32 (10.5)
3 (1.0)

37 (12)

Streptococcus dysgalactiae (28)
Species correct
Major error
Minor error
No identification

28 (100)
0
0
0

11 (39)
7 (25)
1 (3.6)
9 (32)

17 (6.1)

a
Isolates were tested by MALDI-TOF MS (duplicate) and Vitek2. Definite
identification was accepted when the identificaton by phenotypic biochemical
methods exactly matched the identification by MALDI-TOF MS identification or
by 16S rRNA gene sequencing. For MALDI-TOF MS analysis, species identification (score of ⱖ2.0), genus identification (score of ⱕ2.0 but ⱖ1.7), major error
(incorrect genus), minor error (correct genus with incorrect species), and no
identification (score of ⱕ1.7) were scored.

tiae (88%), 48/52 isolates of S. pyogenes (92%), and 11/28
isolates of S. dysgalactiae serogroups C and G (39%). Fourteen
isolates were not identified by Vitek2, 11 were incorrectly identified (major error), and 33 minor errors were obtained by
Vitek2. The 33 minor errors were as follows: 32 isolates were
identified ambiguously (%ID of 50) as Streptococcus agalactiae
or Streptococcus dysgalactiae and one isolate was identified as
Streptococcus pluranimalium. The 11 incorrect Vitek2 results
(major error, %ID of ⬎95) were as follows: six isolates identified as Gemella haemolysans, two isolates identified as Kocuria rosea, one isolate identified as Lactobacillus gravieae, and
two isolates identified as Kocuria varians. Whenever high-confidence MALDI-TOF MS identification disagreed with Vitek2
results, 16S rRNA gene sequencing resolved identification in
favor of the MALDI-TOF MS system. 16S rRNA gene sequencing confirmed MALDI-TOF MS identification in 100%
(58 isolates) of the discordant results (Table 1).
Overall, this study demonstrates that a single assay can now

1. Bessede, E., O. Solecki, E. Sifre, L. Labadi, and F. Megraud. 7 March 2011.
Identification of Campylobacter species and related organisms by matrix
assisted laser desorption ionization–time of flight (MALDI-TOF) mass spectrometry. Clin. Microbiol. Infect. [Epub ahead of print.] doi:10.1111/j.14690691.2011.03468.x.
2. Cairns, D. A., et al. 2008. Integrated multi-level quality control for proteomic
profiling studies using mass spectrometry. BMC Bioinformatics 9:519.
3. Cherkaoui, A., et al. 2009. Development and validation of a modified broadrange 16S rDNA PCR for diagnostic purposes in clinical microbiology. J.
Microbiol. Methods 79:227–231.
4. Cherkaoui, A., et al. 2010. Comparison of two matrix-assisted laser desorption ionization–time of flight mass spectrometry methods with conventional
phenotypic identification for routine identification of bacteria to the species
level. J. Clin. Microbiol. 48:1169–1175.
5. Claydon, M. A., S. N. Davey, V. Edwards-Jones, and D. B. Gordon. 1996. The
rapid identification of intact microorganisms using mass spectrometry. Nat.
Biotechnol. 14:1584–1586.
6. Eigner, U., et al. 2009. Performance of a matrix-assisted laser desorption
ionization-time-of-flight mass spectrometry system for the identification of
bacterial isolates in the clinical routine laboratory. Clin. Lab. 55:289–296.
7. Emonet, S., H. N. Shah, A. Cherkaoui, and J. Schrenzel. 2010. Application
and use of various mass spectrometry methods in clinical microbiology. Clin.
Microbiol. Infect. 16:1604–1613.
8. Holland, R. D., et al. 1996. Rapid identification of intact whole bacteria
based on spectral patterns using matrix-assisted laser desorption/ionization
with time-of-flight mass spectrometry. Rapid Commun. Mass Spectrom. 10:
1227–1232.
9. La Scola, B., and D. Raoult. 2009. Direct identification of bacteria in positive
blood culture bottles by matrix-assisted laser desorption ionisation time-offlight mass spectrometry. PLoS One 4:e8041.
10. Mellmann, A., et al. 2008. Evaluation of matrix-assisted laser desorption
ionization–time-of-flight mass spectrometry in comparison to 16S rRNA
gene sequencing for species identification of nonfermenting bacteria. J. Clin.
Microbiol. 46:1946–1954.
11. Sauer, S., and M. Kliem. 2010. Mass spectrometry tools for the classification
and identification of bacteria. Nat. Rev. Microbiol. 8:74–82.
12. Seng, P., et al. 2009. Ongoing revolution in bacteriology: routine identification of bacteria by matrix-assisted laser desorption ionization time-of-flight
mass spectrometry. Clin. Infect. Dis. 49:543–551.
13. van Veen, S. Q., E. C. J. Claas, and E. J. Kuijper. 2010. High-throughput
identification of bacteria and yeast by matrix-assisted laser desorption ionization–time of flight mass spectrometry in conventional medical microbiology laboratories. J. Clin. Microbiol. 48:900–907.
14. Veloo, A. C., G. W. Welling, and J. E. Degener. 16 April 2011. The identification of anaerobic bacteria using MALDI-TOF MS. Anaerobe [Epub ahead
of print.] doi:10.1016/j.anaerobe.2011.03.026.

Downloaded from http://jcm.asm.org/ on September 15, 2019 by guest

Streptococcus agalactiae (306)
Species correct
Major error
Minor error
No identification

