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Bloodstream infections are a leading cause of admissions to hospital intensive care units and carry a high mortality rate. Clinical
outcome can be greatly improved by early effective antibiotic therapy; therefore, broad-spectrum antimicrobial therapy is often
initiated when there is a clinical suspicion of bloodstream infection. Unfortunately, this method may not always be effective
when dealing with inherently resistant organisms and can also result in iatrogenic infection and the development of resistant
isolates. Rapid identification of the infecting organism may aid in choosing appropriate antimicrobial therapy, thereby reducing
these potential adverse events. We compared the matrix-assisted laser desorption ionization (MALDI) Biotyper system with Sep-
sityper specimen processing (Bruker Daltonics, Billerica, MA) to routine methods for the identification of microorganisms from
164 positive blood cultures. The MALDI Biotyper/Sepsityper identified 85.5% of bacterial isolates directly from positive mono-
microbial blood cultures with 97.6% concordance to genus and 94.1% concordance to species with routine identification meth-
ods. Gram-negative isolates were more likely to produce acceptable confidence scores (97.8%) than Gram-positive isolates
(80.0%); however, genus and species concordance with routine identification methods were similar in both groups. Reanalysis of
collected spectra using modified blood culture-specific parameters resulted in an improved overall identification rate for Gram-
positive bacteria (89.0%). Median times to identification using the MALDI Biotyper/Sepsityper were 23 to 83 h faster than rou-
tine methods for Gram-positive isolates and 34 to 51 h faster for Gram-negative isolates.

Sepsis is a serious condition often stemming from bacterial in-
fection of the bloodstream. Bacterial sepsis accounts for up to

11% of intensive care unit (ICU) admissions, and in-hospital
mortality rates range from 25 to 80% (1, 15). Early diagnosis and
treatment of bacterial sepsis is critical to a favorable patient out-
come. Kumar et al. report a 7.6% mean decrease in survival for
every hour effective antibiotic therapy is delayed following the
onset of sepsis-related hypotension (11). Rapid identification of
the etiology of bacterial sepsis has the potential to positively im-
pact patient care when coupled with an active antibiogram and
predictable antibiotic resistance profiles.

Currently, microbiologic diagnosis of bacteremia relies on
subculture of positive blood culture bottles to solid medium and
18 to 24 h of incubation prior to identification using biochemical
tests or automated preformed enzyme assays. In total, the process
can require 18 to 48 h, or more, from initial blood culture posi-
tivity to a definitive bacterial identification. Molecular and fluo-
rescent in situ hybridization (FISH) assays enable the identifica-
tion of pathogens directly from positive blood culture bottles, thus
eliminating the need for subculture (3, 10, 20). Unfortunately,
these assays are capable of detecting a limited number of micro-
organisms and are expensive compared to routine biochemical
methods. FISH assays are more cost-effective, but setup can be
cumbersome and labor-intensive.

Matrix-assisted laser desorption ionization–time of flight mass
spectrometry (MALDI-TOF MS) has been routinely used in clin-
ical laboratories in Europe since 2009 and has recently been ad-
opted in the United States (12). Several reports have demonstrated
excellent performance of MALDI-TOF MS for the identification
of bacteria and yeast from solid media (2, 5–7, 18, 23–26, 29). In all
studies, MALDI-TOF MS demonstrated equivalence or superior-
ity to current methods for identification of microorganisms with

the added benefits of reduced turnaround time and decreased
cost. These characteristics make the application of MALDI-TOF
MS to identification of microorganisms directly from positive
blood cultures an attractive option.

Recent studies using MALDI-TOF MS for identification of mi-
croorganisms directly from positive blood cultures have demon-
strated identification rates of 80% to 90% with 59% to 95% con-
cordance with routine identification methods (4, 13, 16, 28).
Variability in MALDI-TOF MS performance may be related to the
various methods used for isolation of organisms from blood cul-
tures. Reported methods include an array of differential centrifu-
gation, washing, gel-based separation, and protein extraction
steps to isolate bacteria and remove substances that can interfere
with MALDI-TOF analysis (4, 8, 12, 16, 21, 28). These procedures
can be tedious and lack standardization.

In this study, we evaluate the commercially available Sepsi-
typer kit (Bruker Daltonics, Billerica, MS) coupled with the
MALDI Biotyper system (Bruker) for isolation and identifica-
tion of microorganisms directly from positive blood cultures.
Specifically, we aim to compare the performance of the MALDI
Biotyper/Sepsityper system to routine identification methods
used for positive blood cultures. Additionally, we evaluate a
modified blood culture-specific parameter for analysis of col-
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lected spectra and establish the potential time savings using
MALDI-TOF MS compared to routine identification methods.

MATERIALS AND METHODS
Collection of blood cultures. Positive blood cultures (n � 164) from
patients at Froedtert Hospital (Milwaukee, WI) and Dynacare Laborato-
ries (Milwaukee, WI) were prospectively collected between January and
June 2011. Inclusion criteria included a positive Gram stain to confirm the
presence of microorganisms prior to MALDI-TOF and routine analysis.
Cultures were held at room temperature following removal from the
blood culture instrument and were analyzed within 8 h of culture positiv-
ity. Only the initial positive culture from each patient was enrolled to
avoid duplicate analysis of the same septic episode; however, positive aer-
obic and anaerobic cultures from the same set of cultures were accepted
when available.

Sepsityper processing. A 1.0-ml sample was collected from Bactec
Plus Aerobic/F and Bactec Lytic/10 Anaerobic/F blood culture bottles
(Becton Dickinson, Sparks, MD) following indication of a positive cul-
ture. Each specimen was processed using the Sepsityper kit (Bruker) prior
to analysis using the Bruker Microflex LT MALDI-TOF MS and Biotyper
3.0 software. Briefly, 1.0 ml of residual blood culture from positive blood
culture bottles was transferred to a 1.5-ml centrifuge tube (provided). A
200-�l aliquot of lysis buffer (provided) was added to the blood specimen,
and the mixture was vortexed for 15 s prior to centrifugation (16,000 � g,
1 min). Following centrifugation, the supernatant was removed and the
bacterial pellet was resuspended in 1.0 ml of wash buffer (provided), vor-
texed, and centrifuged as before. The supernatant was discarded, and the
pellet was resuspended in 70% ethanol, vortexed, and centrifuged at
16,000 � g for 2 min. The ethanol was discarded, and the pellet was
allowed to dry completely. When dry, 50 �l of 70% formic acid (Sigma-
Aldrich, St. Louis, MO) and 50 �l of acetonitrile (Sigma-Aldrich) were
added, and the pellet was resuspended. The suspension was centrifuged a
final time (16,000 � g, 1 min), and 1 �l of the resulting supernatant was
analyzed using MALDI-TOF MS.

MALDI-TOF analysis. Duplicate 1-�l aliquots of extracted protein
supernatant were transferred to individual spots on a 96-spot polished
stainless steel target plate (Bruker) and allowed to dry. Each spot was
overlaid with 1 �l of alpha-cyano-4-hydroxy cinamic acid (HCCA) ma-
trix and allowed to dry. When dry, the target plate was inserted into the
Bruker Microflex LT MALDI-TOF MS system for analysis. A composite
profile of proteins with m/z of 3,000 to 15,000 was generated based on a
minimum of 240 measurements (laser shots) for each specimen. The
composite profile was analyzed using Biotyper 3.0 software (Bruker),
which queried a reference bank of 3,995 spectra and returned the top 10
identification matches along with confidence scores ranging from 0.0
to 3.0. Scores of 2.0 and higher were considered high-confidence (secure
species) identification, scores of 1.7 to 1.99 were considered intermediate-
confidence (genus only) identification, and scores �1.7 were considered
unacceptable identification. A second analysis of the collected spectra was
conducted using blood culture-specific parameters that excluded mass
peaks with m/z ratios �4,000. The identification with the highest confi-
dence score for each specimen was compared to the final identification
released by the clinical laboratory using routine identification methods
appropriate for each isolate.

Routine identification methods. Positive blood cultures were ana-
lyzed according to standard methods used by Dynacare Laboratories.
Blood culture bottles were subcultured to the appropriate media and in-
cubated aerobically or anaerobically until sufficient growth was present to
proceed with testing (usually 18 to 24 h). Specific identification methods
differ by organism but include the Phoenix automated microbiology sys-
tem (BD), Vitek 2 (bioMérieux, Marcy l’Etoile, France), RapID NF (Re-
mel, Lenexa, KS), and various latex agglutination and biochemical spot
tests. The time to identification using routine methods was defined as the
time from report of a positive Gram stain to the entry of a final result in the
laboratory information management system. Sequencing of one isolate

was carried out using the ABI PRISM 310 Genetic Analyzer and BigDye
Terminator version 1.1 cycle sequencing kit with 16S 5= (5= TGG AGA
GTT TGA TCC TGG CT) and 3= (5= TAC CGC GGC TGC TGG CAC)
primers.

Statistical analysis. Statistical significance was calculated using one-
tailed Student’s t test analysis of matched groups. Standard deviation was
calculated using Microsoft Excel.

RESULTS

A total of 164 positive blood cultures representing 134 unique
bacteremic episodes were prospectively collected. Of 150 mono-
microbial cultures, 100 (67%) contained Gram-positive organ-
isms, 45 (30%) contained Gram-negative organisms, and 5 (3%)
contained yeast. The remaining 14 (9%) cultures were polymicro-
bial. Of the 145 monomicrobial bacterial cultures, 124 (85.5%)
produced acceptable identification scores of �1.7 using the
MALDI Biotyper/Sepsityper identification system. This included
94 (64.8%) cultures with high confidence scores of �2.0 and 30
(20.7%) cultures with intermediate confidence scores of 1.70 to
1.99. Gram-negative bacteria were more likely to produce high
confidence scores (91.1%) than Gram-positive bacteria (53.0%).
Overall concordance with routine identification methods was
97.6% to genus and 94.1% to species for isolates with confidence
scores of �1.7.

Gram-positive bacteria. The distribution of confidence scores
within the 100 Gram-positive cultures was 20% unacceptable
(�1.7), 27% intermediate (1.7 to 1.99), and 53% high (2.0 to 3.0)
(Table 1). Among isolates with high confidence scores, there was
98.1% (52/53) concordance to genus and 93.3% (42/45) concor-
dance to species with routine identification methods. Concor-
dance was similar among isolates with intermediate confidence
scores (96.3% to genus, 92.0% to species). Of the 32 cultures con-
taining Staphylococcus epidermidis, only 5 produced high confi-
dence scores of �2.0, while 16 produced intermediate and 11 pro-
duced unacceptable confidence scores (Table 1). Despite the low
scores, all of these isolates were confirmed as S. epidermidis using
Vitek 2.

There were five discrepant identification results among isolates
with acceptable confidence scores, all of which were identified as
Streptococcus oralis or viridans group streptococci using routine
methods. Three of these were identified as Streptococcus pneu-
moniae using the MALDI Biotyper. Each of the isolates was resis-
tant to optochin, supporting the biochemical identification. The
remaining two discrepant results were identified as Facklamia lan-
guida and Lactobacillus curvatus by the MALDI Biotyper. 16S
rRNA sequence analysis confirmed the MALDI Biotyper identifi-
cation of F. languida (NCBI reference sequence NR_026487.1; E
value, 0.0; max identity, 99%) (data not shown). The final discrep-
ant isolate was identified as Lactococcus lactis by Vitek 2; however,
observation of Gram stain (short, Gram-positive rods), negative
catalase test, and resistance to vancomycin are most consistent
with Lactobacillus spp. and support the MALDI Biotyper identifi-
cation.

Gram-negative bacteria. Forty-one of 45 (91%) Gram-
negative cultures generated high confidence scores, and 3 (7%)
generated intermediate confidence scores (Table 2). Only 1 cul-
ture failed to produce an acceptable identification. There was
97.6% (40/41) concordance to genus and 95.1% (39/41) concor-
dance to species with routine identification methods among iso-
lates with high (�2.0) confidence scores. All 3 isolates identified
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with intermediate confidence scores (1.7 to 1.99) were 100% con-
cordant to genus and species with routine methods.

Two cultures generated discrepant identification results, both
of which were isolates producing high confidence scores. The first
was identified as Enterobacter cloacae using routine methods and
as Enterobacter asburiae using the MALDI Biotyper. Both the BD
Phoenix and Vitek 2 systems identified the isolate as E. cloacae or
E. cloacae complex. The isolate was motile and produced a positive
Voges-Proskauer test, both of which are consistent with E. cloacae
and refute the MALDI identification. The second discrepant iso-
late was identified as Klebsiella oxytoca using the BD Phoenix sys-
tem and was identified as E. cloacae using the MALDI Biotyper.
Vitek 2 analysis was in agreement with the MALDI identification
of E. cloacae, and a spot indole test was negative (�90% of K.
oxytoca isolates are indole positive [17]). Both results support the
MALDI Biotyper identification.

The single culture which failed to produce an acceptable iden-
tification (score of �1.7) was identified as Neisseria gonorrhoeae
using routine methods. MALDI analysis of a colony following
subculture returned an identification of N. gonorrhoeae with a

high confidence score of 2.32. This suggests that the poor identi-
fication obtained directly from the blood culture was a conse-
quence of suboptimal isolation or preparation of the bacteria from
the blood culture.

Yeast. None of the 5 monomicrobial cultures containing yeast
generated acceptable confidence scores using the standard spec-
tral analysis parameters.

Polymicrobial cultures. The MALDI Biotyper correctly iden-
tified one of the organisms present in 9 of 14 (64.3%) polymicro-
bial cultures with a high confidence score (Table 3).

Analysis of spectra using blood-culture-specific parameters.
Reanalysis of all collected spectra using modified blood-culture-
specific parameters resulted in equal or higher raw scores for 67%
(97/145) of monomicrobial bacterial cultures. This included 72%
(72/100) of Gram-positive cultures and 56% (25/45) of Gram-
negative cultures. The mean increase in confidence score was sta-
tistically significant (0.12 � 0.10, P � 1.74 � 10�7) for Gram-
positive but not for Gram-negative (0.01 � 0.07, P � 0.19)
cultures. Among Gram-positive cultures, this resulted in 20 cul-
tures moving into a higher confidence category (Table 4). Notably,

TABLE 1 Performance of MALDI-TOF/Sepsityper for identification of Gram-positive bacteria from positive blood culture bottles

Organism (identified by routine methods) No. of isolates
MALDI scorel

Organism identified by MALDI
(if discrepant)�1.7 1.7–1.99 �2.0

Actinomyces spp. 2 2a

Bacillus spp. 2 1a 1a

Corynebacterium spp. 2 1 (1)a 1a Burkholderia saccharolyticusb

Enterococcus faecalis 12 1 11
Enterococcus faecium 6 2 4
Facklamia hominis 1 1
Gemella spp. 1 1a

Lactobacillus spp. 3 3a

Micrococcus leuteus 2 1a 1
Propionibacterium acnes 3 2 (1) 1 Lactobacillus satsumensisc

Staphylococcus aureus 10 10
Staphylococcus capitisd 2 1 1
Staphylococcus lugdunensis 1 1
Staphylococcus epidermidise 32 11 16 5
Staphylococcus hominisf 4 1 3
Staphylococcus simulansg 1 1
Streptococcus pyogenes 4 1 3
Streptococcus agalactiae 1 1
Streptococcus pneumoniae 1 1
Streptococcus oralis 3 2 (2) 1 (1) Streptococcus pneumoniaeh (3 isolates)
Streptococcus viridans group 5 2 (1) 3 (3) Facklamia languida,i Lactobacillus curvatus,j

Streptococcus pneumoniaek (2 isolates)
Streptococcus milleri group 2 2a

Total no. of isolates 100 20 27 53
% genus agreement 90.0 96.3 98.1
% species agreement 82.4 92.0 93.3
a Identified to the genus level only by using routine methods, not included in species agreement statistics.
b MALDI identification score was 1.37 (unacceptable), and Gram stain supported routine identification methods.
c MALDI identification score was 1.51 (unacceptable), and catalase test supported routine identification methods.
d Both isolates initially identified only as CoNS using routine methods, and species identification was confirmed using Vitek2.
e Twenty of 32 isolates initially identified only as CoNS using routine methods, and species identification was confirmed using Vitek2.
f Three of four isolates initially identified only as CoNS using routine methods, and species identification was confirmed using Vitek2.
g Isolate initially identified only as CoNS using routine methods, and species identification was confirmed using Vitek2.
h MALDI identification scores were 1.67, 1.88, and 1.91. All 3 isolates were optochin resistant, supporting routine identification.
i MALDI identification score was 1.79. Isolate was identified as F. languida by 16S rRNA gene sequencing, confirming MALDI identification.
j MALDI identification score was 2.05. Gram stain and vancomycin disk diffusion test support MALDI identification of L. curvatus.
k MALDI identification scores were 2.22 and 2.28. Both isolates were optochin resistant, supporting routine identification.
l Numbers in parentheses indicate the number of discrepant results in a given group.

Buchan et al.

348 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


this included 11 cultures containing S. epidermidis. Classification of
Gram-negative cultures remained largely unchanged, with only 2 cul-
tures moving into a higher confidence category. One of 5 yeast cul-
tures generated an acceptable confidence score using the modified
parameters. Reanalysis resulted in 3 cultures moving into lower con-
fidence categories (Actinomyces turicensis, F. languida, Bacteriodes fra-
gilis). Importantly, there was no change in identification of isolates
when blood culture specific parameters were applied.

Time to identification. The time to identification of Gram-
positive and -negative bacteria from initial blood culture positiv-
ity was highly variable using routine identification methods.
Staphylococcus aureus (19.25 h to 27.72 h; median, 23.50 h) and
Streptococcus pyogenes (26.93 h to 31.07 h; median, 27.75 h) iden-
tification times were relatively short, requiring only simple bio-
chemical or agglutination tests. In contrast, difficult-to-identify
organisms or those with slow growth rates, such as Facklamia
hominis (112.48 h) and Propionibacterium acnes (46.55 h to 139.12

h; median, 83.20 h), required greatly extended times (Fig. 1).
Identification times of Gram-negative bacteria were more consis-
tent (16.08 h to 59.65 h), because these organisms were identified
primarily using automated identification systems following 18 to
24 h of incubation (Fig. 2).

Identification of organisms from positive blood cultures using
the MALDI Biotyper and Sepsityper processing kit required ap-
proximately 20 min and was independent of species. Batch pro-
cessing added approximately 1 min per blood culture analyzed.

DISCUSSION

This study examined monomicrobial blood cultures containing
Gram-positive and Gram-negative bacteria, as well as yeast and
polymicrobial cultures. Proportions of each culture type are sim-
ilar to those reported in a large national study and are also repre-
sentative of all blood cultures routinely analyzed at this institution

TABLE 2 Performance of MALDI-TOF/Sepsityper for identification of Gram-negative bacteria from positive blood culture bottles

Organism (identified by routine
methods)

No. of
isolates

MALDI scorec
Organism identified by MALDI
(if discrepant)�1.7 1.7–1.99 �2.0

Bacteroides fragilis 1 1
Enterobacter cloacae 3 3 (1) Enterobacter asburiaea

Escherichia coli 22 22
Haemophilus influenzae 1 1
Haemophilus parainfluenzae 1 1
Klebsiella oxytoca 3 3 (1) Enterobacter cloacaeb

Klebsiella pneumoniae 6 6
Neisseria gonorrhoeae 1 1 (1) MALDI failed to generate ID
Proteus mirabilis 1 1
Pseudomonas aeruginosa 4 4
Serratia marcescens 1 1
Stenotrophomonas maltophilia 1 1
Total no. of isolates 45 3 41
% genus agreement 0 100 97.6
% species agreement 0 100 95.1
a MALDI identification score was 2.25. Vitek2, Voges-Proskauer, and motility tests support routine identification.
b MALDI identification score was 2.19. Vitek2 and spot indole tests support the MALDI identification.
c Numbers in parentheses indicate the number of discrepant results in a given group.

TABLE 3 Performance of MALDI-TOF/Sepsityper for identification of microorganisms from polymicrobial blood culture bottles

Organism(s) (identified by routine methods) MALDI identification Scoreb Gram staina

E. coli, CoNS E. coli 2.43 GNR, GPCCL
S. pyogenes, CoNS, viridans group Streptococcus S. pyogenes 2.19 GPCCH
Candida albicans, Candida glabrata, CoNS Unable to identify NA YST
Enterococcus faecalis, CoNS E. faecalis 2.35 GPCCH
Klebsiella pneumoniae, Flavobacterium indologenes,

Candida tropicalis
K. pneumoniae 2.36 GNR

C. glabrata, Lactobacillus spp. Aromatoleum spp. 1.29 YST, GPCCH
E. coli, Citrobacter amalonaticus E. coli 2.36 GNR
Eubacterium lentum, Peptostreptococcus asaccharolyticus Mixed Pseudomonas spp. �1.4 GNR, GPC
Citrobacter freundii, Streptococcus salivarius C. freundii 2.47 GNR, GPCCH
Bacillus spp. CoNS Unable to identify NA GNR, GPCCH
Klebsiella oxytoca, Enterococcus faecium, E. coli E. coli 2.41 GNR
S. aureus, Streptococcus agalactiae S. agalactiae 2.43 GPCCH
Acinetobacter spp., CoNS 1, CoNS 2 S. hominis 2.14 GNR,GPCCL
B. fragilis, Bacteriodes vulgatus, Clostridium clostridioforme Unable to identify NA GNR
a Primary Gram stain result. GNR, Gram-negative rod; GPCCL, Gram-positive cocci in clusters; GPCCH, Gram-positive cocci in chains; YST, yeast.
b NA, not applicable.
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TABLE 4 Cultures with change in confidence category using blood culture-specific parameters

Organism

No. of isolatesa

Increased confidence Decreased confidence

Unacceptable to
intermediate

Unacceptable to
high

Intermediate to
high

High to
intermediate

Intermediate to
unacceptable

Gram-positive
A. turicensis 1
E. faecalis 1
E. faecium 1 1
F. languida 1
Micrococcus leuteus 1
P. acnes 1
Staphylococcus capitis 1
S. epidermidis 6 5
S. gordonii 1
S. pneumoniae 1
S. pyogenes 1

Gram-negative
B. fragilis 1
H. influenzae 1
S. maltophilia 1

Yeast
C. glabrata 1

Total 10 1 12 1 1
a Scores: unacceptable, �1.70; intermediate, 1.70 to 1.99; high, �2.0.

FIG 1 Times to identification for Gram-positive bacteria using routine methods.
The range of times to full identification of each isolate (solid lines) and median
time to identification (solid squares) from initial blood culture positivity ranged
from 19.25 h for S. aureus to 139.12 for P. acnes. All identifications were complete
within 20 min by using the MALDI Biotyper/Sepsityper.

FIG 2 Times to identification for Gram-negative bacteria using routine meth-
ods. The range of times to full identification of each isolate (solid lines) and
median time to identification (solid squares) from initial blood culture posi-
tivity ranged from 16.08 h for Haemophilus influenzae to 59.65 h for Escherichia
coli. All identifications were complete within 20 min by using the MALDI
Biotyper/Sepsityper.
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(15). Using standard spectral analysis parameters, MALDI Bio-
typer/Sepsityper identified the bacterium present in 85.5% of mo-
nomicrobial cultures with an acceptable confidence score (�1.7).
A larger proportion of Gram-negative cultures generated accept-
able scores (97.8%) than Gram-positive bacteria (80.0%). Simi-
larly, a larger proportion of Gram-negative cultures generated
high confidence scores (91.1%) than Gram-positive cultures
(53.0%). This was primarily attributable to the large proportion of
S. epidermidis cultures which generated intermediate (1.70 to
1.99) or unacceptable (�1.7) scores. Using standard parameters,
11 S. epidermidis isolates generated unacceptable confidence
scores, and 5 remained in the unacceptable category following
reanalysis using blood culture specific parameters. Despite the low
scores, all coagulase-negative staphylococcus (CoNS) isolates with
scores of �1.7 (n � 29 using standard parameters, n � 35 using
blood culture specific parameters) were correctly identified to the
species level by MALDI, as confirmed by Vitek 2. The cause of low
or unacceptable scores associated with S. epidermidis is not readily
apparent but has been reported previously for S. epidermidis iso-
lates obtained from blood culture and solid media (18, 28). All five
blood cultures containing yeast produced unacceptable confi-
dence scores. This may be a result of the Sepsityper processing
protocol not being optimized for recovery of yeast. A recent study
investigated the isolation and identification of yeast from blood
cultures using a modified Sepsityper processing protocol and
demonstrated excellent results (32). The MALDI Biotyper was
unable to identify multiple organisms in polymicrobial cultures;
however, when a high confidence score identification was ob-
tained, the identified organism was present.

When modified parameters excluding peaks with m/z ratios
below 4,000 were used to analyze the collected spectra, the pro-
portion of Gram-positive cultures giving acceptable confidence
scores increased from 80% to 89%. Raw confidence scores in-
creased for 68% (102/150) of monomicrobial cultures. The in-
crease was statistically significant for Gram-positive cultures and
resulted in an overall increase in secure species identifications
from 64.8% to 73.1% (Gram negative, 91.1% to 95.6%; Gram
positive, 53.0% to 63.0%). This modification appeared to be espe-
cially helpful in generating higher confidence scores for cultures
containing S. epidermidis. The modified parameter did not change
the identification of any isolate. Because MALDI-TOF identifica-
tion is based on matching spectral peaks in a sample to a best-
match reference library, additional peaks due to contaminants will
lower confidence scores. Ferroni et al. report additional spectral
peaks with low m/z ratios when analyzing the same strain from
blood culture compared to solid media (9). Excluding mass spec-
trum peaks with m/z ratios from 3,000 to 4,000, which were in-
cluded in the original algorithm, eliminated peaks likely corre-
sponding to residual blood component debris and as a result
increased overall confidence scores.

Regardless of which parameters were used for spectral analysis,
the MALDI Biotyper/Sepsityper identifications were highly con-
cordant with routine methods. Vales of concordance with genus
(�98%) and species (�94%) were similar among both Gram-
positive and Gram-negative bacteria, producing acceptable confi-
dence scores. Similar concordance to species was observed in iso-
lates with high (�2.0) and intermediate (1.7 to 1.99) confidence
scores, indicating that the manufacturer-recommended cutoffs
for species versus genus may be overly conservative and that lower
confidence score thresholds could be considered.

Characterization of discordant results supported the MALDI
Biotyper identification in 3 of 7 cultures that generated acceptable
confidence scores (�1.7). Three of the four incorrect identifica-
tions by MALDI were viridans group streptococci misidentified as
S. pneumoniae. The inability of the MALDI Biotyper to distinguish
between S. pneumoniae and viridans group streptococci (specifi-
cally the mitis group) is due to the high similarity in protein pro-
files generated by these strains. This has been previously reported
and is acknowledged by the manufacturer in the product insert
(16, 18, 28). The remaining incorrect MALDI identification was
an E. cloacae isolate identified as E. asburiae by the MALDI Bio-
typer. E. asburiae is closely related to E. cloacae and resides within
the E. cloacae complex. Species within this complex are difficult to
distinguish using biochemical tests and are often misidentified
using automated systems (19, 31).

A major advantage of MALDI-TOF-based identification is a
departure from reliance on physical, biochemical, and metabolic
characteristics in favor of protein profile analysis. This allows bet-
ter discrimination of species that have similar biochemical/meta-
bolic profiles, such as CoNS. Accurate identification of CoNS can
be helpful in differentiating a true infection from contamination.
Identification based on the protein profile may also be advanta-
geous when working with biochemically inert bacteria or organ-
isms isolated from patients undergoing antibiotic therapy. Pre-
treated isolates often produce poor or inconsistent biochemical/
metabolic profiles, making identification by routine methods
difficult. Identification using MALDI-TOF relies primarily on ri-
bosomal protein profiles which are of high abundance and are
unaffected by many classes of antibiotics (22). Finally, automated
identification systems require correct interpretation of Gram stain
results for selection of an appropriate identification panel. Misin-
terpretation of the Gram stain can lead to a failed identification,
which further extends turnaround time.

Empiric broad-spectrum antibiotic therapy is initiated when
there is clinical suspicion of sepsis. While effective, broad-
spectrum therapy is associated with adverse events, including
Clostridium difficile disease, and potentially contributes to the se-
lection of more resistant microorganisms (14, 27, 30). Earlier de-
escalation of broad-spectrum therapy may reduce these risks.
Therefore, rapid identification of the etiologic agents of bactere-
mia and septicemia is an important component to management of
the infection and can affect clinical outcome. The MALDI Bio-
typer/Sepsityper can be used to directly analyze positive blood
cultures in real time and provide definitive species identification
within 20 min. In the current study, the use of MALDI Biotyper/
Sepsityper reduced the time to positive identification of isolates by
as much as 130 h (Gemella spp.) and minimally by approximately
24 h (S. aureus, Streptococcus group A and group B). Combined
with predictable antibiotic resistance profiles and effective real-
time antibiograms, these reduced times to bacterial identification
could aid in guidance of antibiotic therapy in patients with bacter-
emia.
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