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Variations in proteins related to bacterial diversity may affect species identification performed using
matrix-assisted laser desorption ionization (MALDI)-time of flight mass spectrometry. Using this method, we
identified 110 Streptococcus agalactiae isolates characterized by serotyping and multilocus sequence typing.
Serotype III and sequence type 23 strains expressed the widest variation in molecular weight of putative
“species-identifying” biomarker ions. Recognition of the diversity of MALDI patterns observed in strains that
represent all major intraspecies lineages assists in the constitution of an optimal reference database.

Streptococcus agalactiae is the main cause of neonatal infec-
tions and has emerged as an increasingly frequent pathogen in
nonpregnant humans (15). Several studies have identified di-
versity among S. agalactiae isolates, first by serotyping and then
extensively by multilocus enzyme electrophoresis (12, 13). A
large number of different sequence types (STs) distributed
over several major phylogenetic lineages or clonal complexes
(CCs) have recently been identified by multilocus sequence
typing (MLST) (http://pubmlst.org/sagalactiae/). ST17 and
ST19 account for the majority of cases of S. agalactiae menin-
gitis in infants (7). CC1, CC12, CC17, CC19, and CC23 are
mostly associated with infections in adults (7).

Matrix-assisted laser desorption ionization—time of flight
mass spectrometry (MALDI-TOF MS) has emerged as a new
technique for species identification. By measuring the exact
molecular masses of many peptides and small proteins, it is
possible to determine the species within a few minutes,
whether the analysis is started with whole cells, cell lysates, or
crude bacterial extracts (4, 6, 9, 11). Nevertheless, wide varia-
tions in protein expression have been reported, specifically
according to the distribution of strains in various phylogenetic
lineages that make up many species. For example, we have
shown such variations in the expression of metabolic enzymes
(12, 13), in catabolic functions (3), and in the expression of
surface-exposed bacterial proteins involved in adhesion and/or
invasion of host cells (14). In addition, the diversity of the
rRNA gene regions found in S. agalactiae isolates (2) may
induce variations in the expression of the ribosomal proteins
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detected by MALDI-TOF MS, a method based mainly on
detection of ribosomal protein fractions of bacteria (1, 4, 11).

The aim of this study was therefore to determine whether
variations in protein expression related to the phylogenetic
positions of strains affect the results obtained by MALDI-TOF
MS when used to identify S. agalactiae isolates. One hundred
ten strains were selected from an epidemiologically unrelated
national collection (10, 13) isolated from the vagina, the ana-
tomical site at which the genetic diversity of strains is the
highest. As usually performed in medical laboratories, strains
were plated on 5% sheep blood agar (Laboratoire bioMérieux,
Marcy I’Etoile, France). Serotyping was performed with a Pas-
torex rapid latex agglutination test (Bio-Rad, Hercules, CA)
and by a previously reported PCR serotype identification
method (8). Forty-five isolates were from serotype III (40.9%
of isolates), 17 from serotype II (15.5%), 16 from serotype V
(14.5%), 15 from serotype Ia (13.6%), 7 from serotype Ib
(6.4%), and 7 from serotype IV (6.4%). Three isolates were
not typeable (2.7%). MLST analysis, carried out with the stan-
dard MLST scheme (7), identified 38 STs for the 110 strains
(Fig. 1). The relationships between STs were defined by the
unweighted-pair group method using average linkages and rep-
resented as a tree generated from allelic profile data by using
Phylodendron (http://pubmlst.org/sagalactiae/) (Fig. 1). When
data from serotyping and MLST were added together, 52 pat-
terns that represent the wide diversity of the S. agalactiae
population studied and the major STs and CCs were obtained
(Fig. 1).

For MALDI-TOF-MS analysis, cell extracts were prepared,
using 10 colonies for each preparation. Samples were prepared
according to the microorganism profiling ethanol/formic acid
extraction procedure as recommended by the manufacturer,
with minor modifications as recently described (1). After dry-
ing and addition of a chemical matrix, the samples were ana-
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ST Serotype Log(score)

Initial reference New reference

library library

>2.3 <2.3- >2.3 <2.3-

>2.0 >2.0

(N of N of N of N of N of

strains) strains  strains  strains  strains
STI Ia (1) 1 1
STI III (3) 1 2 3
STI VvV (12) 11 1 12
ST2 I (2) 2 2
ST2 IV (1) 1 1
ST49 1I (1) 1 1
ST394 I (1) 1 1
ST196 1V (5) 5 5
ST196 nt (1) 1 1
ST19 1 (10) 7 3 10
ST19 II (3) 3
ST408 nt (1) 1 1
ST395 1III (1) 1 1
ST27 11 (2) 1 1 2
ST28 1 (4) 4 4
ST28  1III (1) 1 1
ST392 I (1) 1 1
ST393 I (1) 1 1
ST107 1L (1) 1 1

ST106 I (1) 1 1
ST314 TIa (1) 1 1
ST226 nt (1) 1 1
ST6 I (1) 1 1
ST7 Ia (2) 1 1 2
ST7 IV (1) 1 1
ST41 VvV (1) 1 1
ST84  Ib (1) 1 1
ST399 1a (1) 1 1
ST402 1II (1) 1 1
ST8 Ib (2) 2 2
ST10  Ta (1) 1 1
STI0 Ib (2) 2 2
ST1I0 1I (3) 2 1 3
STI10 1T (1) 1 1
STI0 V(1) 1 1
STI12 Ib (2) 2 2
ST12  1II (1) 1 1
ST401 1II (1) 1 1
ST26 V(1) 1 1
ST17 III (14) 11 3 14
ST17 V(1) 1 1
ST201 1III (1) 1 1
ST315 TIa (1) 1 1
ST405 I (1) 1 1
ST22 11 (1) 1 1
ST23 Ia (5) 3 2 S
ST23 11 (2) 2 2
ST199 1Ia (1) 1 1
ST366 1II (1) 1 1
ST221 1Ia (2) 2 2
ST403 I (1) 1 1
ST404 T (1) 1 1
Total (110) 86 24 109 1

FIG. 1. MLST tree based on the unweighted-pair group method using average linkages for 110 S. agalactiae strains used to test MALDI-TOF
MS for identification of S. agalactiae strains, with the log(score) obtained for each strain analyzed. The MALDI-TOF MS analysis calculates the
log(score), which allows for classification of identification results into four categories: (i) a log(score) of =2.3 indicates a highly probable level of
species identification, (ii) a log(score) of =2.299 and =2.0 indicates highly probable genus identification and probable species identification, (iii)
a log(score) value of =1.999 and =1.7 indicates probable genus identification, and (iv) a log(score) of =1.699 indicates nonreliable identification.
Whatever the phylogenetic origin of the strain tested, no log(score) of =1.999 was found. The initial MALDI Biotyper reference library consisted
of main spectra of S. agalactiae ATCC 27956 THL and S. agalactiae DSM 2134. The new reference library consisted of the five newly created mass
spectra for S. agalactiae strains representative of each major intraspecies lineage (ST1, ST10, ST17, ST19, and ST23).

lyzed by MALDI-TOF MS on a Bruker Ultraflex TOF/TOF III
in positive linear mode (Bruker Daltonique, Wissembourg,
France). The spectra were recorded as recently described (1).
For each spectrum, 500 laser shots were collected and ana-

lyzed. For automated data analysis, raw spectra were processed
using MALDI Biotyper 1.1 software (Bruker Daltonique,
France) with default settings. To identify bacteria, the peak
lists generated were used for matches against the initial
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TABLE 1. Identification scores®

No. (%) of strains with log(score)

S. agalactiae
strain(s) (n)

Initial reference library New reference library

<2.3 and <2.3 and

=23 =0 =23 =50
All (110) 86 (78) 24(22) 109 (99) 1(1)
Serotype Ia (15) 11 (73) 4(27) 15 (100) 0
Serotype Ib (7) 7 (100) 0 7 (100) 0
Serotype II (17) 15 (88) 2(12) 17 (100) 0
Serotype III (45) 29 (64) 16 (36) 44 (98) 1(2)
Serotype IV (7) 7 (100) 0 7 (100) 0
Serotype V (16) 15 (94) 1(6) 16 (100) 0
ST1 (16) 13 (81) 3(19) 16 (100) 0
ST10 (8) 7 (88) 1(12) 8 (100) 0
ST17 (15) 12 (80) 3(20) 15 (100) 0
ST19 (13) 10 (77) 3(23) 13 (100) 0
ST23 (7) 3(43) 4(57) 7 (100) 0

“ Scores were produced by the pattern-matching algorithm with the initial
MALDI Biotyper reference library (main spectra of S. agalactiae ATCC 27956
THL and S. agalactiae DSM 2134) and with a new reference library (mass spectra
of five S. agalactiae strains selected to represent each major intraspecies lineage
[ST1, ST10, ST17, ST19, and ST23]) for 110 S. agalactiae strains, according to
serotypes and major intraspecies STs.

MALDI Biotyper reference library (S. agalactiae ATCC 27956
THL and S. agalactiae DSM 2134) by directly using the inte-
grated pattern-matching algorithm of the software (1). In a
typical analysis of S. agalactiae strains by MALDI-TOF MS, 70
prominent ion peaks were noted in the spectra in the region
between 2,000 and 20,000 Da, with the highest-intensity peaks
being consistently in the range of 3,000 to 10,000 Da. The
log(score) of the MALDI Biotyper pattern-matching algorithm
is calculated according to the log of the product of three
factors: the matches of the unknown spectrum against the
reference spectrum in the database (main spectrum), the re-
verse matches of the main spectrum with the unknown spec-
trum, and the correlation of relative intensities of the unknown
spectrum and the main spectrum. The product has a maximum
value of 1,000, leading to a maximum log(score) of 3. Differ-
ences in the distribution of the strains in log(score) groups
were tested by the chi-square test (STAT-ITCF software, Paris,
France). A P value of <0.05 was considered to indicate statis-
tical significance.

On this basis, the log(score) values obtained by MALDI-
TOF MS correctly identified all 110 S. agalactiae isolates at the
species level [log(score), =2.0], with 86 of the 110 isolates
(78%) being identified with excellent scores [log(score), =2.3]
(Fig. 1, Table 1). Nevertheless, significant variations in
log(score) were observed according to serotypes and major
STs. Indeed, excellent scores [log(score), =2.3] were obtained
significantly less frequently (64%) for serotype III strains than
for the other strains (73 to 100%) (Table 1) (P = 0.0027).
Similarly, excellent scores [log(score), =2.3] were obtained less
frequently for ST23 strains (43%) than for the other major STs
(77 to 88%) (Table 1) (chi-square test; P = 0.025).

To test the reproducibility of the method, five strains repre-
sentative of the five main STs (ST1, ST10, ST17, ST19, and
ST23) were grown in quintuplicate and analyzed. The mass
spectrum was measured five times for each replicate of each of
the five representative strains of main STs (125 measure-
ments). The log(score) calculated using the mass spectrum
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data allowed for determination of the coefficient of variation
(CV), calculated by &/, in which 8 is the standard deviation
and . is the average. The CV for intraruns (five measurements
for each replicate) varied from 0.006 to 0.025, and the highest
CV for interruns (five different replicas) was 0.027. Moreover,
reproducibility tests were also performed by cultivation of bac-
teria on different culture media (5% sheep blood agar, CPS ID
2, chocolate PVX agar [bioMérieux], Granada [Biolys, Taluy-
ers, France], and Mueller Hinton agar). A strain of GBS ST17
was grown in triplicate on each medium. All the log(score)
values were above 2.3. The low CVs for the intraruns and
interruns and the low variations in the scores obtained using
various culture media indicate that the reproducibility of the
method was high. Thus, the variations found between popula-
tions of various serotypes or STs could not be related to the
procedure used for preparing the samples.

This study confirmed variations in expression of proteins
according to the distribution of strains in serotypes and in
various S. agalactiae phylogenetic lineages. Strains of serotype
IIT and of the phylogenetic lineage ST23 expressed greater
variation in molecular weight of putative “species-identifying”
biomarker ions than strains of other serotypes and STs. The
ability to produce an intense peak in the protein pattern cor-
relates with ionization efficiency, combined with the protein
quantity used. The variations observed for serotype III strains
may be explained by the greater genetic diversity for this se-
rotype population than for the other serotype populations, as
shown in Fig. 1 and as previously described (7, 12, 13). As
shown previously, CC23 (which mainly contains ST23 strains)
is genetically a highly divergent clone in the species (Fig. 1) (5,
7, 16). This characteristic may explain why ST23 strains express
differences in the nature or quantities of proteins in compari-
son to other major ST populations that are genetically more
closely related. These variations did not affect the ability of
MALDI-TOF MS combined with the MALDI Biotyper soft-
ware method to identify S. agalactiae at the species level; the
log(score) values were =2.0 for all strains. Nevertheless, to
optimize the ability of MALDI-TOF MS to identify S. agalac-
tiae strains whatever their phylogenetic origins, we selected five
strains to constitute a new reference database on the basis of
the variations observed for each lineage. These strains were
retained because they generated the best representative spec-
tra for each major intraspecies lineage (ST1, ST10, ST17,
ST19, and ST23). The log(score) values obtained by using the
new reference database were higher (=2.3) for 109 of the 110
S. agalactiae isolates (>99%) (Fig. 1 and Table 1).

In conclusion, genetic diversity between bacterial species
affects the diversity of MALDI patterns observed with
MALDI-TOF MS. Consequently, the most effective perfor-
mance for identification of bacterial strains at the species level
was obtained by using a reference database designed not by
selecting one or two strains randomly but by choosing them
from the major phylogenetic lineages that represent the spe-
cies studied.

M.-F.L. and R.Q. conceived and designed the experiments. M.-F.L.,
G.H.-A,, EH., A-S.D., NV.D.M.-M,, P.L., and L.M. performed the
serotyping and MLST experiments. M.-F.L. and P.-O.S. performed
the MALDI-TOF MS experiments. M.-F.L., M.K., and R.Q. analyzed
the data. M.-F.L. and R.Q. wrote the paper.
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