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Matrix-assisted laser desorption ionization—time of flight mass spectrometry (MALDI-TOF MS) for the identification of bacteria
and fungi was recently introduced in microbiology laboratories. This technology could greatly improve the clinical management
of patients and guidance for chemotherapy. In this study, we used a commercial MALDI Sepsityper extraction method to evalu-
ate the performance of two commercial MALDI-TOF MS systems, the Vitek MS IVD (bioMérieux) and the Microflex LT Biotyper
(Bruker Daltonics) for direct bacterial identification in positive blood cultures. In 181 monomicrobial cultures, both systems
generated genus to species level identifications for >90% of the specimens (Biotyper, 177/181 [97.8%]; Vitek MS IVD, 167/181
[92.3%]). Overall, the Biotyper system generated significantly more accurate identifications than the Vitek MS IVD system (P =
0.016; 177 versus 167 out of 181 specimens). The Biotyper system identified the minority species among polymicrobial blood
cultures. We also compared the performance of an in-house extraction method with that of the Sepsityper on both MALDI-TOF
MS systems. The in-house method generated more correct identifications at the genus level than the Sepsityper (96.7% versus
93.5%) on the Biotyper system, whereas the two methods exhibited the same performance level (88.0% versus 88.0%) on the Vi-
tek MS IVD system. Our study confirmed the practical advantages of MALDI-TOF MS, and our in-house extraction method re-

duced the reagent cost to $1 per specimen, with a shorter turnaround time of 3 h, which is highly cost-effective for a diagnostic

microbiology service.

loodstream infection is a condition associated with high mor-

bidity and mortality (1, 2). The rapid identification of blood-
stream pathogens is critical to clinical management and the choice
of appropriate antibiotic treatments (3, 4). Currently, microbio-
logic diagnosis of bacteremia relies on subculture of positive blood
culture broths on solid medium for an 18- to 24-h incubation
period followed by biochemical tests or an automated preformed
enzyme assay for identification of the bacteria (5). In general, lab-
oratory diagnosis of common pathogens requires 18 to 48 h, while
diagnosis of fastidious organisms requires longer incubation and
identification procedures. Although the use of modern techniques
such as fluorescence in situ hybridization and PCR can shorten the
identification time (6), these operations require specialized equip-
ment and technical expertise and the targeted pathogens are lim-
ited in a single run (7). Therefore, the introduction of a simple,
rapid, broad-spectrum, and cost-effective system for the identifi-
cation of blood culture pathogens is imperative.

Matrix-assisted laser desorption ionization—time of flight mass
spectrometry (MALDI-TOF MS) was developed in the 1980s, and
this technique had been widely used for biomolecule analysis in
the chemical industry for over 10 years. In recent years, MALDI-
TOF MS was introduced for bacterial identification, which revo-
lutionized the diagnostic microbiology service (8). Two manufac-
turers, bioMérieux (Marcy I’Etoile, France) and Bruker Daltonics
(Bremen, Germany), are marketing efficient MALDI-TOF sys-
tems, the Vitek-MS and the Microflex LT, respectively, that allow
the identification of bacteria and yeasts in a few minutes instead of
the hours required by traditional methods. The practical use of
MALDI-TOF MS for microorganism identification directly from
positive blood culture specimens has been substantiated by a
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number of studies (9-13). Generally, studies have shown high
identification rates for various types of organisms with the use of
MALDI-TOF MS . However, various organism isolation methods
from blood were used in those studies and therefore method stan-
dardization is necessary. The commercially available MALDI Sep-
sityper kit (Bruker Daltonics, Bremen, Germany) was recently de-
veloped to standardize the preparation of blood cultures prior to
spectrometric analysis (14). However, the performance of the Sep-
sityper on MALDI-TOF platforms other than the Bruker system
was not explored, and the high reagent cost also hindered the wide
application of the Sepsityper in diagnostic settings.

This is the first study to compare the clinical performance and
running costs of the two MALDI-TOF systems (Bruker Biotyper
and bioMérieux Vitek-MS) on positive blood culture specimens.
An in-house extraction method was also evaluated in this study,
and its performance was compared with that of the commercial
MALDI Sepsityper kit.
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MATERIALS AND METHODS

The study was divided into two phases. The first phase was the evaluation
of the bacterial identification performance of two MALDI-TOF systems,
the Bruker Biotyper and the bioMérieux Vitek-MS, on blood culture spec-
imens prepared with the commercially available MALDI Sepsityper ex-
traction kit (Bruker Daltonics, Bremen, Germany). The second phase was
the comparison of the performance of an in-house blood culture extrac-
tion method with that of the MALDI Sepsityper Kit.

Collection of blood cultures. A total of 202 available blood culture
broths that were Bactec positive as indicated by the Bactec system (Bactec
Plus Aerobic, Bactec F Lytic Anaerobic, and Bactec Myco Lytic; Becton
Dickinson, Franklin Lakes, NJ) were collected between March and July
2012. Samples collected from 8 a.m. to 5 p.m. were analyzed on the same
day, while those broths that became positive after 5 p.m. were analyzed the
next morning. Therefore, the incubation times of these blood culture
broths after they became positive were longer than those for the others.
Positive blood culture broths were also subjected to direct Gram staining
and subculturing, followed by biochemical identification (Vitek II; bio-
Meérieux, France) and/or 16S rRNA gene sequencing (15, 16). All of the
202 positive blood culture specimens were used for the comparison of the
performance of the two MALDI-TOF systems, while 92 positive speci-
mens were randomly selected for the comparison of the MALDI Sepsi-
typer and the in-house blood culture extraction method.

Blood culture extraction. In order to extract and purify the bacterial
protein from blood samples, we used the MALDI Sepsityper kit (Bruker
Daltonics, Bremen, Germany) to extract all of the 202 samples. The in-
house extraction method was used to extract protein from 92 samples
randomly selected from the specimen pool. The extraction protocols of
the two methods are described briefly.

MALDI Sepsityper extraction method. For each blood culture bottle
specimen, 1 ml of blood was transferred to a 1.5-ml capped tube (Eppen-
dorf, Germany). Then, 200 pl of solution 1 (provided in the kit) was
added to the 1 ml blood, followed by a centrifugation at 13,000 rpm for 1
min. The supernatant was discarded, and the pellet was resuspended with
1 ml of solution 2 (provided in the kit), with centrifugation again at 13,000
rpm for 1 min. The supernatant was discarded, and 300 pl of high-pres-
sure liquid chromatography (HPLC)-grade distilled water (Fluka) was
added to resuspend the pellet. Another 900 wl of HPLC-grade ethanol
(Sigma-Aldrich) was added, and the mixture was centrifuged at 13,000
rpm for 2 min. Subsequently, the supernatant was carefully removed by
pipetting, and 20 to 50 .l of formic acid was added depending on the size
of the pellet. An equal volume of pure acetonitrile (Fluka) was then added,
followed by centrifugation at 13,000 rpm for 2 min. The supernatant was
then spotted onto target slides for MALDI-TOF analysis.

In-house extraction method. Our in-house extraction method was a
modified protocol published previously (17). The published protocol was
modified by adding an ethanol-formic acid extraction after the washing
steps. Briefly, 1 ml of the positive blood sample was added to 200 .l of 5%
saponin solution (Sigma-Aldrich). The lysate was then vortexed thor-
oughly. After a 5-min room temperature incubation, the tube was centri-
fuged at 13,000 rpm for 1 min, and the supernatant was discarded. The
pellet was further washed with 1 ml distilled water and the supernatant
was discarded after centrifugation at 13,000 rpm for 1 min. A total of 100
wl distilled water was used to resuspend the pellet. Another 300 pl of
ethanol was added, and the mixture was centrifuged at 13,000 rpm for 2
min. Subsequently, the supernatant was carefully removed by pipetting
and resuspended with 50 .l formic acid. An equal volume of acetonitrile
(Fluka) was then added, followed by centrifugation 13,000 rpm for 2 min.
The supernatant was then spotted onto target slides for MALDI-TOF
analysis.

MALDI-TOF analysis. (i) Bruker Microflex LT with Biotyper 3.0
system. One microliter of each purified blood culture extract was trans-
ferred to an individual spot on the Bruker 96-spot reusable stainless steel
target plate. Each spot was covered with 1 pl alpha-cyano-4-hydroxycin-
namic acid (HCCA) matrix (Bruker Daltonics, Germany). The target
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plate was then read and analyzed by the Bruker Microflex LT system. A
protein profile of each specimen with m/z values of 3,000 to 15,000 was
generated based on a minimum of 240 laser shot measurements. The
profiles were further analyzed by using the Biotyper 3.0 software (Bruker
Daltonics, Germany) under the blood culture mode, which queried a
reference database of 4,500 isolates and returned the top 10 identification
matches along with confidence scores ranging from 0.0 to 3.0. We con-
cluded the results by using the top scoring identification. Scores of =2.0
were considered high-confidence identification to the species level, while
scores of 1.6 to 1.99 were considered intermediate-confidence identifica-
tion to the genus level only. Scores of <1.6 were considered unacceptable
identification according to manufacturer’s reccommendation.

(ii) bioMérieux Vitek MS IVD system. One microliter of each puri-
fied blood culture extract was transferred to an individual spot on the
48-well Vitek MS-DS disposable target slide. Each spot was covered with 1
pl ready-to-use Vitek MS alpha-cyano-4-hydroxycinnamic acid (HCCA)
matrix (bioMérieux, France). The target plate was then read and analyzed
by the Vitek MS IVD system. The protein profile of each specimen with an
m/z of 3,000 to 15,000 was generated based on 100 measurements. The
profiles were further matched with the Vitek MS reference CE-IVD certi-
fied database, which included >20,000 spectra, and returned the best
identification match along with confidence percentages from 0% to
99.9%. Spot results of 90 to 98% confidence were considered high at the
genus level, while results of >98% confidence were considered high at the
species level. Spots results of <90% confidence were considered unac-
ceptable identification. For specimens showing more than one identifica-
tion result under the same genus, we concluded that result to be a genus
level match only. For specimens showing more than one identification
result that included some results with mismatched genus or family iden-
tifications, we concluded that result to be an unacceptable identification.

Statistical methods. Pearson’s chi-square test was used to compare
the results obtained by the two systems with the same specimens.

RESULTS

Routine identification. Among the 202 blood culture-positive
specimens included in the study, 181 of them were identified as
monomicrobial, of which 75 of them (41.4%) contained Gram-
positive organisms and 106 of them (58.6%) contained Gram-
negative organisms, through the use of our routine identification
methods, including different selective media, biochemical tests,
automated microbial systems (bioMérieux Vitek II and BD Phoe-
nix), and 16S rRNA gene sequencing, . The remaining 21 blood
cultures were identified to be polymicrobial. Identifications were
generated by biochemical tests and automated microbial systems
(Vitek II, bioMérieux, France) within 3 working days (Fig. 1),
whereas 17 specimens containing coagulase-negative staphylo-
coccus (CNS) or bacillus species required 16S rRNA gene se-
quencing for identification, which took another 3 working days to
process.

MALDI-TOF showed high concordance to routine identifi-
cation. Of the 181 monomicrobial cultures, both MALDI-TOF
systems (Biotyper [177/181, 97.8%]; Vitek MS IVD [167/181;
92.3%]) generated genus to species level identifications for >90%
of specimens (Table 1). There were 3 Gram-positive (1 Bacillus
circulans and 2 Bacillus horneckiae) and 1 Gram-negative (Bre-
vundimonas diminuta) bacteria that were identified only by the
16S rRNA gene sequencing and not through the use of MALDI-
TOF. In general, no genus level discordance was observed between
the routine and the MALDI-TOF method. Nevertheless, there
were 2 cases of Gram-positive bacteria showing discordant iden-
tifications at the species level; one was Streptococcus anginosus
identified as Streptococcus constellatus by both MALDI-TOF sys-
tems and the other was Streptococcus bovis identified as Streptococ-
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cus gallolyticus by both MALDI-TOF systems. These discordant
results might have been attributable to the small differences in the
proteomic profiles, so that S. anginosus and S. constellatus both
belonged to the S. anginosus group and S. bovis and S. gallolyticus
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both belonged to the S. bovis group (5). As S. bovis has been re-
cently reclassified as S gallolyticus subsp. gallolyticus, the next ver-
sion of the MS identification database may provide better discrim-
ination power for this species.
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TABLE 1 Identification results by Biotyper and Vitek-MS using recommended cutoff values (n = 181)

No. (%) of strains identified with

No. (%) of strains identified with the

the Biotyper Vitek-MS
Genus Genus
Conventional bacterial Species level Not MALDI-TOF identification Species level Not MALDI-TOF identification
identification (no. of strains) level only identified (no. of strains) level only identified  (no. of strains)
Gram-positive bacteria

Enterococcus avium (1) 1 0 0 Enterococcus avium (1) 1 0 0 Enterococcus avium (1)

Enterococcus casseliflavus (1) 1 0 0 Enterococcus casseliflavus (1) 1 0 0 Enterococcus casseliflavus (1)

Enterococcus faecalis (5) 5 0 0 Enterococcus faecalis (5) 5 0 0 Enterococcus faecalis (5)

Enterococcus faecium (5) 5 0 0 Enterococcus faecium (5) 5 0 0 Enterococcus faecium (5)

Staphylococcus aureus (16) 15 1 0 Staphylococcus aureus (15) 14 0 2 Staphylococcus aureus (14) and
and Staphylococcus aureus not identified (2)

(¢

Staphylococcus epidermidis (10) 3 7 0 Staphylococcus epidermidis 6 0 4 Staphylococcus epidermidis (6),
(3) and Staphylococcus not identified (3), and wrong
epidermidis (7)" identification (1)

Staphylococcus capitis (1) 1 0 0 Staphylococcus capitis (1) 0 1 0 Staphylococcus capitis (1)° and

Staphylococcus caprae (1)

Staphylococcus hominis (1) 1 0 0 Staphylococcus hominis (1) 1 0 0 Staphylococcus hominis (1)

Streptococcus agalactiae (4) 4 0 0 Streptococcus agalactiae (4) 4 0 0 Streptococcus agalactiae (4)

Streptococcus anginosus (1) 0 1 0 Streptococcus constellatus (1) 1 0 0 Streptococcus constellatus (1)

Streptococcus bovis (1) 0 1 0 Streptococcus gallolyticus (1) 0 1 0 Streptococcus gallolyticus (1)

Streptococcus pyogenes (2) 2 0 0 Streptococcus pyogenes (2) 2 0 0 Streptococcus pyogenes (2)

Streptococcus sanguinis (5) 2 3 0 Streptococcus sanguinis (2) 5 0 0 Streptococcus sanguinis (5)
and Streptococcus
sanguinis (3)"

Listeria monocytogenes (1) 1 0 0 Listeria monocytogenes (1) 1 0 0 Listeria monocytogenes (1)

Micrococcus luteus (1) 1 0 0 Micrococcus luteus (1) 1 0 0 Micrococcus luteus/lylae (1)

Propionibacterium acnes (4) 3 1 0 Propionibacterium acnes (3) 4 0 0 Propionibacterium acnes (4)
and Propionibacterium
acnes (1)

Bacillus cereus/thuringiensis (9) 7 2 0 Bacillus cereus (7) and 0 9 0 Bacillus mycoides (9)", Bacillus
Bacillus cereus (9)°, and Bacillus
weihenstephanensis (2)° thuringiensis (9)°

Bacillus circulans (1) 0 0 1 Not identified (1) 0 0 1 Not identified (1)

Bacillus flexus (1) 1 0 0 Bagcillus flexus (1) 0 1 0 Bacillus megaterium (1)

Bacillus horneckiae (2) 0 0 2 Not identified (2) 0 0 2 Not identified (2)

Paenibacillus urinalis (1) 1 0 0 Paenibacillus urinalis (1) 0 0 1 Not identified (1)

Paenibacillus illinoisensis (1) 0 1 0 Paenibacillus illinoisensis (1)* 0 1 0 Paenibacillus pabuli (1)?and

Paenibacillus spp. (1)°

Bacillus megaterium (1) 0 1 0 Bacillus flexus (1) 0 0 1 Not identified (1)

Subtotal (75) 54 (72.0) 18 (24.0) 3 (4.0) 51 (68.0) 13 (17.3) 11 (14.7)

Gram-negative bacteria

Acinetobacter baumannii (6) 4 2 0 Acinetobacter baumannii (4) 6 0 0 Acinetobacter baumannii (6)
and, Acinetobacter
baumannii (2)*

Acinetobacter junii (1) 1 0 0 Acinetobacter junii (1) 0 1 0 Acinetobacter junii (1)*

Aeromonas hydrophila (1) 0 1 0 Aeromonas caviae (1) 0 1 0 Aeromonas sobria (1)

Brevundimonas diminuta (1) 0 0 1 Not identified (1) 0 0 1 Not identified (1)

Citrobacter freundii (4) 4 0 0 Citrobacter freundii (4) 3 1 0 Citrobacter freundii (3) and

Citrobacter youngae (1)

Escherichia coli (53) 53 0 0 Escherichia coli (53) 53 0 0 Escherichia coli (53)

Enterobacter aerogenes (4) 4 0 0 Enterobacter aerogenes (4) 4 0 0 Enterobacter aerogenes (4)

Enterobacter cloacae (1) 0 1 0 Enterobacter asburiae (1) 0 1 0 Enterobacter cloacae (1) and

Enterobacter asburiae (1)

Enterobacter kobei (2) 1 1 0 Enterobacter asburiae (1) and 0 2 0 Enterobacter cloacae (2) and
Enterobacter kobei (1) Enterobacter asburiae (2)"

Klebsiella pneumoniae (16) 16 0 0 Klebsiella pneumonia (16) 16 0 0 Klebsiella pneumonia (16)

Proteus mirabilis (4) 4 0 0 Proteus mirabilis (4) 4 0 0 Proteus mirabilis (4)

Pseudomonas aeruginosa (3) 3 0 0 Pseudomonas aeruginosa (3) 3 0 0 Pseudomonas aeruginosa (3)

Pseudomonas putida (3) 2 1 0 Pseudomonas putida (2) and 3 0 0 Pseudomonas putida (3)
Pseudomonas putida (1)*

Salmonella enteritidis (3) 0 3 0 Salmonella spp. (3)" 0 3 0 Salmonella spp. (3)"

Serratia marcescens (1) 1 0 0 Serratia marcescens (1) 1 0 0 Serratia marcescens (1)

Stenotrophomonas maltophilia (2) 1 1 0 Stenotrophomonas 2 0 0 Stenotrophomonas maltophilia (2)
maltophilia (1) and
Stenotrophomonas
maltophilia (1)*

Vibrio vulnificus (1) 0 1 0 Vibrio vulnificus (1)* 0 0 1 Not identified (1)

Subtotal (106) 94 (88.7) 11 (10.4) 1(0.9) 95 (89.6) 9(8.5) 2(1.9)

Total (181) 148 (81.8) 29 (16.0) 4(2.2) 146 (80.7) 22 (12.2) 13 (7.2)

“ Identifications at genus confidence level only (Bruker Score < 2.0 or Vitek-MS confidence < 90.0).

b More than one identification generated at the same confidence level.

Our study cohort demonstrated that overall the Biotyper sys-
tem (177/181) generated significantly more accurate identifica-
tions than the Vitek MS IVD system (167/181) (Pearson’s chi-
square; P = 0.016). The Biotyper system (84.4%; 103/122)

1736 jcm.asm.org

demonstrated similar concordance to species level identifications
of both Gram-positive (54/75 for Biotyper versus 51/75 for Vitek
MS IVD) and Gram-negative (94/106 for Biotyper versus 95/106
for Vitek MS IVD) bacteria. However, the Gram-negative Vibrio
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TABLE 2 Specimens with polymicrobial identifications generated by the Biotyper MALDI-TOF system

Biotyper

Mixed culture identified by routine methods Top match (score)

Other species in top 10 matches

list with scores of >1.7 (score) Vitek MS IVD (confidence %)

Escherichia coli (2.33)
Escherichia coli (2.32)
Klebsiella pneumoniae (2.27)
Klebsiella pneumoniae (2.23)
Acinetobacter baumannii (1.97)

Escherichia coli + Klebsiella pneumoniae

Escherichia coli + Klebsiella pneumoniae

Escherichia coli + Klebsiella pneumoniae

Klebsiella pneumoniae + Enterococcus faecalis

Acinetobacter baumannii + Staphylococcus
epidermidis

Escherichia coli (99.9)

Escherichia coli (99.9)

Klebsiella pneumoniae (99.9)

Klebsiella pneumoniae (99.9)
Acinetobacter baumannii complex (99.9)

Klebsiella pneumoniae (2.07)
Klebsiella pneumoniae (2.20)
Escherichia coli (2.13)
Enterococcus faecalis (1.91)
Staphylococcus epidermidis (1.76)

vulnificus-containing specimen was identified only by the Bio-
typer system at the genus level and failed to be interpreted by the
Vitek MS IVD system. On the other hand, for specimens with
Bacillus cereus, the Vitek MS IVD system generated multiple Ba-
cillus species identifications for all 8 of the Bacillus cereus-contain-
ing specimens, while the Biotyper system generated accurate spe-
cies level identification for 6 of them. Also, both MALDI-TOF
systems generated only genus level identifications of Salmonella
enteritidis. Serogrouping should be followed up separately from
the MALDI-TOF result in order to distinguish this organism from
the highly pathogenic Salmonella typhi.

For Gram-positive bacterial identification, Staphylococcus epi-
dermidis (7/10 at the genus level only) and Streptococcus sanguinis
(3/5 at the genus level only) were the two species that were dem-
onstrated to present difficulties in species level identification with
the Biotyper system.

Polymicrobial cultures. Twenty-one blood cultures in our co-
hort were identified by the routine methods to be composed of 2
bacterial species. The Vitek MS IVD system identified only the
majority species composition in each of the 21 mixed cultures,
while the Biotyper system identified both of the two species
with >1.6 confidence scores in 5 out of the 21 mixed cultures
through the Biotyper option “Top 10 matched pattern choices”
(Table 2). For the other 16 mixed cultures, the Biotyper system
identified only the major composition of the mixed cultures.

Comparison between MALDI Sepsityper and in-house ex-
traction method. The in-house sample extraction method was
performed on a total of 92 monomicrobial specimens in order to
compare the performance of the in-house and MALDI Sepsityper
methods on the two MALDI-TOF systems (see Table S1 in the
supplemental material).

Used with the Biotyper system, our in-house extraction
method correctly identified 96.7% (89/92) and 80.4% (74/92) of
the organisms to the genus and species levels, respectively. Used
with the MALDI Sepsityper kit, the in-house method generated
correct genus identification in 93.5% (86/92) of specimens and
correct species identification in 81.5% (75/92). The misidentified
rates (confidence score, <1.6) of the in-house and the MALDI
Sepsityper extraction methods were 3.3% (3/92) and 6.5% (6/92),
respectively.

On the other hand, the in-house extraction method used with
the Vitek MS IVD system identified only 88.0% (81/92) and 79.3%
(73/92) of the organisms to the genus and species levels, respec-
tively . Correct genus identification was generated in 88.0% (81/
92) of specimens, and species level identification was reached in
81.5% (75/92) of them by using the MALDI Sepsityper method.
The identification-missing rate of the Vitek MS IVD system was
12.0% (11/92) with both the in-house and the MALDI Sepsityper
methods.
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DISCUSSION

Bacteremia causes serious conditions in patients, and rapid iden-
tification of the bacterial species in direct blood cultures is critical
for early diagnosis and treatment. Currently, the routine diagnos-
tic method requires 18 to 24 h for preliminary bacterial identifi-
cation. With the introduction of MALDI-TOF MS, the diagnostic
time might be largely reduced, which would have a positive impact
on patient care. The high concordance of MALDI-TOF MS and
routine diagnostic methods for the identification of bacterial cul-
tures has also been confirmed by many studies (18-20). Despite
these advantages, there have been few studies performed to eval-
uate the performance of MALDI-TOF MS for rapid identification
of microorganisms from direct blood cultures of bacteremia pa-
tients. Direct comparison of the two commercial systems has not
been available because the commercial blood culture extraction
kit is relatively expensive for routine laboratory diagnosis, and
therefore the introduction of an in-house extraction was neces-
sary. Therefore, in our study we aimed to identify the best option
for implementing MALDI-TOF MS in a clinical diagnostic labo-
ratory. To our knowledge, this is first published article to evaluate
the two MALDI-TOF systems and compare an in-house extrac-
tion method with a commercial kit for use on positive blood cul-
tures.

In the first phase of this study, we demonstrated that for mono-
bacterial direct blood culture specimens, both of the MALDI-TOF
MS systems for clinical microbiological diagnosis generated accu-
rate identification at rates of >80% at the species level and >90%
at the genuslevel . A higher percentage of correct identifications to
the species level was obtained using the Bruker Microflex LT with
the Biotyper version 3.0 system (P = 0.016). The Bruker Biotyper
system was found to generate more accurate identification than
the bioMérieux Vitek-MS system for Gram-positive bacteria at
both the species and genus levels, especially for Bacillus species
identification. On the other hand, for Gram-negative bacteria the
two systems demonstrated similar levels of identification perfor-
mance at the species and genus levels.

In comparison to the rates of species level identification (84 to
95%) generated by the two MALDI-TOF systems, as reported for
previous studies focusing on bacterial culture isolates (21, 22), our
study demonstrated that the generation of high-quality identifica-
tion of direct blood culture specimens was more difficult with
both the Biotyper (81.8%) and Vitek MS (80.7%) systems. The
poor performance in generating species level identifications for
Bacillus species by both systems may be due to the spore-forming
nature of bacilli, because the formic acid and CHCA matrix could
not efficiently break down the cell walls of the spores.

Many studies have shown that patient outcome could be im-
proved with the earlier use of appropriate antibiotics. Vlek et al.
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recently demonstrated that direct performance of MALDI-TOF
MS on positive blood culture broths significantly reduced time to
organism identification by 28.8 h compared with identification by
conventional methods (4). Rapid identification to the genus level
would be very useful to guide clinical management, such as the
rapid differentiation of Gram-negative bacteria to the genus level
(for example, Acinetobacter versus Klebsiella). Importantly, rapid
and precise results were associated with an 11.3% increase in the
proportion of patients receiving appropriate antibiotic treatment
within 1 day of culture positivity (4). The clinical impact is likely
to be greatest for the more virulent organisms (such as Staphylo-
coccus aureus, Listeria monocytogenes, and Vibrio vulnificus) and
for organisms with predictable resistance to cephalosporins (En-
terobacter spp.) and carbapenems (Stenotrophomonas maltophilia
and Flavobacterium meningosepticum) (23-28).

For polymicrobial blood cultures, we demonstrated that the
Bruker Biotyper was the only system that generated polymicrobial
identifications in 5 out of the 21 mixed-culture specimens
(23.8%). According to this observation, at this stage neither sys-
tem was ready for direct use with polymicrobial blood cultures.
When we mixed a blood culture with 2 or more aerobic bacteria,
we were able to subculture 1 ml of the blood culture broth on
blood agar, incubate this mixture in a CO, chamber at 35°C for 2
to 3 h, and then pick hazy colonies for MALDI-TOF MS. How-
ever, this method worked only on aerobic bacteria since the colo-
nies of most of the anaerobic bacteria in the first 2 to 3 h of incu-
bation were too small for MALDI-TOF MS identification.

In the second phase of the study, we used 92 specimens to
evaluate the performance of our modified in-house extraction
method against that of the commercial MALDI Sepsityper kit
(Bruker Daltonics, Germany). On both MALDI-TOF MS systems,
the analytical performance exhibited by the modified in-house
method was similar to that of the MALDI Sepsityper kit. In addi-
tion, the cost per sample was only $1 for the in-house method
versus $15 for the commercial kit. For the routine identification
method using the automated microbial system, the reagent cost
would go up to $5 per sample (Fig. 1). Also, the processing time of
the in-house method was around 2 h, and the in-house method
was technically easy to handle.

In this study, we evaluated an in-house blood culture extrac-
tion protocol on two MALDI-TOF systems for bacterial identifi-
cation. In terms of running cost and analytical performance, the
application of an in-house method and the Bruker Daltonics Mi-
croflex LT Biotyper version 3.0 were shown to be the best options
for a diagnostic microbiology setting.
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