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Abstract Matrix-assisted laser desorption/ionisation time-
of-flight mass spectrometry (MALDI-TOF MS) is a fast
and reliable method for the identification of bacteria from
agar media. Direct identification from positive blood
cultures should decrease the time to obtaining the result.
In this study, three different processing methods for the
rapid direct identification of bacteria from positive blood
culture bottles were compared. In total, 101 positive aerobe
BacT/ALERT bottles were included in this study. Aliquots
from all bottles were used for three bacterial processing
methods, i.e. the commercially available Bruker’s MALDI
Sepsityper kit, the commercially available Molzym’s
MolYsis Basic5 kit and a centrifugation/washing method.
In addition, the best method was used to evaluate the
possibility of MALDI application after a reduced incuba-
tion time of 7 h of Staphylococcus aureus- and Escherichia
coli-spiked (1,000, 100 and 10 colony-forming units

[CFU]) aerobe BacT/ALERT blood cultures. Sixty-six
(65%), 51 (50.5%) and 79 (78%) bottles were identified
correctly at the species level when the centrifugation/
washing method, MolYsis Basic 5 and Sepsityper were
used, respectively. Incorrect identification was obtained in
35 (35%), 50 (49.5%) and 22 (22%) bottles, respectively.
Gram-positive cocci were correctly identified in 33/52
(64%) of the cases. However, Gram-negative rods showed
a correct identification in 45/47 (96%) of all bottles when
the Sepsityper kit was used. Seven hours of pre-incubation
of S. aureus- and E. coli-spiked aerobe BacT/ALERT blood
cultures never resulted in reliable identification with
MALDI-TOF MS. Sepsityper is superior for the direct
identification of microorganisms from aerobe BacT/ALERT
bottles. Gram-negative pathogens show better results
compared to Gram-positive bacteria. Reduced incubation
followed by MALDI-TOF MS did not result in faster
reliable identification.

Introduction

Fast and accurate diagnostic methods are necessary in order
to be able to initiate correct treatment for bloodstream
infections. Adequate and fast antibiotic treatment reduces
the mortality rates in these patients [1, 2]. Cultivation
techniques take at least a day, and although the subsequent
Gram staining can be performed in several minutes, the
result from this staining technique alone does often not
provide sufficient information to administer appropriate
antibiotic therapy. Therefore, additional tests have to be
performed so as to identify the pathogen that causes the
disease, leading to an increased time to initiate appropriate
therapy.
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Improved techniques have been developed to reduce the
time-to-result, i.e. VITEK 2, FISH (fluorescence in situ
hybridisation) and (commercial) real-time polymerase chain
reaction (PCR)-based methods [3–6]. However, most of
these techniques are limited by high costs and the fact that
not every species can be detected in one assay. This makes it
difficult to implement the technique in routine diagnostics.

Recently, a new method became available in several
clinical microbiology laboratories, i.e. matrix-assisted laser
desorption/ionisation time-of-flight mass spectrometry
(MALDI-TOF MS). This technique can be used for
pathogen identification from agar media [7–9]. However,
several reports are currently available which describe the
possibility of direct identification from positive blood
cultures [10–15]. Most reports describe the use of BACTEC
bottles, but a few studies [16, 17] used BacT/ALERT bottles.
This makes the BacT/ALERT system underrepresented in the
literature, while it is a frequently used culture system in
many laboratories. Pathogens from blood cultures need to be
separated from the liquid culture media prior to detection by
MALDI-TOF MS. Several similar protocols have been
published consisting either of the removal of erythrocytes
by centrifugation [11, 12] or serum separation tubes [10, 14],
followed by subsequently inactivating the bacteria by using
ethanol, protein precipitation and extraction by formic acid
and acetonitrile.

Recently, new processing methods have become available.
Sepsityper (Bruker Daltonics) allows the easy and fast
identification of bacteria from positive blood cultures by
using MALDI-TOF MS. Another commercially available
method, MolYsis (Molzym), is capable of removing human
background (cells and DNA) from blood (culture) samples by
selective lysis and, additionally, ensures pathogen enrichment.
This method has been shown to be suitable for molecular
diagnostics [4, 18]. However, it is still unknown as to
whether this enrichment method is also feasible for direct
pathogen identification from positive blood cultures by
MALDI-TOF MS.

In addition, it was demonstrated that accelerated
detection of staphylococci from spiked blood cultures
was possible after only 5 h of pre-incubation when,
subsequently, MolYsis enrichment was combined with
real-time PCR [4].

In the present study, we compared three easy-to-perform
protocols, i.e. commercially available MolYsis Basic 5 and
Sepsityper, and a non-commercial centrifugation/washing
method as described by Ferreira et al. [11], for the direct
identification of bacteria from positive aerobe BacT/
ALERT blood cultures with MALDI-TOF MS. The results
were compared to conventional diagnostics and MALDI-
TOF MS directly from blood agar. To evaluate the
possibility of reduced time-to-identification from blood
cultures when using MALDI-TOF MS analysis, the best

processing method was also investigated in relation to
the reduced incubation times (7 h) of Staphylococcus
aureus- and Escherichia coli-spiked BacT/ALERT blood
cultures.

Materials and methods

Clinical samples

Blood samples (8–10 ml) from patients were collected in
standard aerobe (SA) and anaerobe (SN) BacT/ALERT
blood culture bottles (bioMérieux, Marcy l’Etoile, France)
without charcoal, and handled according to the manufac-
turer’s instructions. A total of 101 positive aerobe blood
cultures (equal distribution of Gram-negative rods and
Gram-positive cocci) were collected for this study (see
Table 1 for details).

When patient samples were detected as positive by the
BacT/ALERT 3D system (bioMérieux, Marcy l’Etoile,
France), Gram staining was performed and, based on the
Gram result, additional subculture and biochemical tests
were performed (conventional diagnostics as schematically
shown in Fig. 3a). When Gram-negative rods were detected
by Gram staining, several agar media were inoculated for
subculture. One additional blood plate was inoculated for a
spot-subculture (concentrated spot with blood culture
material in the centre of the plate), which was used for
the MALDI-TOF MS analysis. Resistance was determined
by the use of VITEK 2 (bioMérieux). When Gram-positive
cocci were detected in the blood culture sample, several
agar media were inoculated for subculture. Standard
biochemical tests were performed (based on the Gram
result), because MALDI-TOF MS was still being validated
in the laboratory for Gram-positive cultures, to obtain
identification of the pathogen (coagulase, TLM plate,
BAGG test, tellurite plate, rapid strep test, VITEK 2
[CNS species]). As Streptococcus pneumoniae can die in
the culture bottle (self-lysing ability), an LytA real-time
PCR [19] was performed when no subculture on blood agar
was detected. Resistance determination occurred by the use
of the disk diffusion method.

One colony of the subculture on blood agar was used for
MALDI-TOF MS.

The Internal Review Board of the hospital ethically
approves the anonymous use of remaining patient material.

Strains for spiking experiments

The blood of healthy human volunteers (10 ml) was
collected in SA BacT/ALERT culture bottles. For spiking
experiments, S. aureus (ATCC 25923) and E. coli (ATCC
25922) were used.
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Processing methods for MALDI-TOF MS

From each positive culture bottle, three aliquots were taken; for
clarification, see Fig. 1. For the Sepsityper method (Bruker
Daltonics GmbH, Bremen, Germany), the recommended
quantity of 1 ml was used. The protocol was performed as
recommended by the manufacturer. For the MolYsis Basic
method (Molzym GmbH, Bremen, Germany), 1 ml was used
and the provided protocol was followed until the first
washing step. For the third method, 4 ml of positive culture
material was used. The centrifugation/washing method was
performed as described by Ferreira et al. [11]. All methods
resulted in a pellet, which was subsequently dissolved in

300 μl of water, to which 900 μl of ethanol absolute was
added. The mixture was centrifuged at 14,000 rpm for 2 min,
and the supernatant was discarded. The centrifugation step
was repeated so as to remove all residual supernatant. The
pellet size was estimated in μl and, to this pellet, in a 1:1
ratio, 70% formic acid was added and mixed thoroughly.
Next, the same amount of acetonitrile was added (1:1 ratio
with formic acid) and mixed well before centrifugation at
14,000 rpm for 2 min. One μl of the supernatant was applied
on a spot of the polished steel target plate and air-dried at
room temperature. The dried spot was overlaid with 1 μl of
HCCA matrix (Bruker Daltonics GmbH, Bremen, Germany)
solution (saturated alpha-cyano-4-hydroxycinnamic acid in
50% acetonitrile and 2.5% trifluoroacetic acid) and allowed to
air-dry at room temperature.

MALDI-TOF MS analysis

Samples were placed in the MALDI-TOF MS spectrometer
(BioTyper, Bruker Daltonics GmbH, Bremen, Germany).
The spectrometer was calibrated with Bruker bacterial test
standard (Bruker Daltonics GmbH, Bremen, Germany). For
pathogen identification, 240 shots in 40-shot steps from
different positions of the target spot (automatic) were
recorded to obtain a spectrum per strain and spectra were
imported in the MALDI BioTyper 2.0 software (Bruker
Daltonics GmbH, Bremen, Germany) and analysed by

Fig. 1 Overview of bacterial identification from positive aerobe
BacT/ALERT cultures by using MALDI-TOF MS. Three aliquots
were taken from each positive blood culture bottle to analyse the
different processing methods. All methods were performed as
described in the Materials and methods section. All results were
compared to conventional diagnostics and/or MALDI-TOF MS
directly from blood agar

Table 1 Representation of results obtained with conventional culture techniques, MALDI-TOF MS from blood agar and directly from positive
blood cultures with different methods

Blood agar C/W MolYsis Sepsityper

Conventional determination MALDI bloodagar
Gram-positive n=52 S.aureus 14 (27%) S.aureus 14 12 2 5 9 2 3 9

S.epidermidis 12 (23%) S.epidermidis 1 11 3 5 4 6 6 4 4 4
S.haemolyticus 1 (1,9%) S.haemolyticus 1 1 1 1
S.warneri 1 (1,9%) S.warneri 1 1* 1 1
Staphylococcus spp  6 (11,5%) Staphylococcus spp 1 5 1 2 3 2 2+1* 1 2+1* 3
E.faecalis 4 (7,7%) E.faecalis 4 1 1 2 1 1 2 4
E.faecium 2 (3,8%) E.faecium 1121111 htworg on ,1
S.pneumoniae 9 (17,3%) S.pneumoniae 5, no growth 3 1 1 4 8 1 9 8 1
Heamolytical streptococ  Group A 2 (3.8%) S.pyogenes 2 2 2 1 1
S.sanguis group 1 (1,9%) S.australis 1 1 1 1

Gram-negative n=47 E.coli 82184173224821)%26( 92 
P.aeruginosa 6666)%8,21( 6
K.pneumoniae 5 (10,6%) 5 1 4 2 3 1 1 3
P.mirabilis 21122)%3,4( 2
Salmonella spp. 33123)%4,6( 3
H.influenzae 1 (2,1%) 1 1 1 1
M.morganii 1111)%1.2( 1

Mixed infections n=2 C.freundii + K.oxytoca C.freundii + K.oxytoca (2 plates) 1111
Multiple CNS S.hominis 1 1* 1* 1*

Total n=101 2 5 90 33 18 50 49 37 15 20 15 66 n

Gram negatives n=47 0 2 98 9 13 79 38 36 25,5 4 4 91,5 %
0 1 46 4 6 37 18 17 12 2 2 43 n

Gram positives n=52 4 8 88 56 23 21 56 38 6 34,6 23 42,3 %
2 4 42 29 12 11 29 20 3 18 12 22 n

* Incorrect name in comparison to plate

Black colour represents a score <1.7, grey colour represents scores≥1.7×<2, and white stands for scores≥2. C/W; centrifugation/washing method.
When “no reliable identification” or “no peaks found” was obtained as a result, the manual selection of areas on the spot of the polished steel
target plate was performed to possibly obtain reliable results
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standard pattern matching; the BioTyper database version
V3 1.1.0_3476-3740 was used as a reference. No interven-
tion took place in the process from measurement to
identification. For each strain, the highest score obtained
by pattern matching to the database was used for the
identification. Scores <1.7 were considered to unreliable,
scores ≥1.7×<2 were considered to be reliable to the genus
level; however, if database match number 1 and 2 resulted
in the same strain name, it was considered correct to the
species level, and scores ≥2 were considered to be reliable
to the species level. When “no reliable identification” or
“no peaks found” was obtained as a result, the manual
selection of areas on the spot of the polished steel target
plate was performed to possibly obtain reliable results. All
data were compared to conventional diagnostics and
MALDI-TOF MS results obtained from a colony grown
on blood agar.

Statistical analysis

For analysis of the results, the McNemar test was used. The
total amount of correct identifications (scores ≥1.7 with hit
1 and 2 being similar, and scores >2) and incorrect
identifications were compared for all of the methods
investigated. A binomial distribution was used.

Results

One hundred and one aerobe blood cultures detected as
positive by the BacT/ALERT 3D system were processed by
conventional methods, tested by MALDI-TOF MS from
blood agar (direct smear method) and tested directly from
positive blood cultures by using three different bacterial
isolation methods (Fig. 1). Only aerobe BacT/ALERT
bottles were used because, in pilot experiments (preliminary
data were obtained with small sample numbers), anaerobe
BacT/ALERT bottles frequently resulted in unreliable data.
Fifty-two cultures showed the presence of Gram-positive
bacteria after Gram staining, 47 cultures showed the
presence of Gram-negative bacteria and two cultures
indicated, after conventional diagnostics, the presence of
multiple bacterial species (Table 1). The direct smear
method (blood agar) is the standard diagnostic method for
Gram-negative bacteria and resulted in reliable identifica-
tion. For the Gram-positive cultures, both conventional
diagnostics and the direct smear method were performed
(due to the ongoing process validation of MALDI-TOF MS
diagnostics). Four of 52 blood agar plates did not result in
growth. Of these four, three were characterised as S.
pneumoniae by PCR and one was plated for a second time
and was identified as Enterococcus faecium by conventional
diagnostics. S. sanguis was detected as S. australis by

MALDI-TOF MS from blood agar. Blood culture samples
that resulted in “unreliable data” or “no peaks found” were
retested immediately from the same spot by the manual
selection of areas on the polished steel target plate. This
procedure never resulted in acceptable results (≥1.7) for
further analysis.

Of the methods used for direct identification from
positive blood cultures, Sepsityper showed (Table 1 and
Fig. 2) a correct identification in 79/101 cultures (≥1.7)
equal to 78%, in contrast to MolYsis and the centrifugation/
washing method, where only 50.5% and 65% were
correctly identified, respectively. However, when Gram-
negative cultures were separated from Gram-positive
cultures and mixed cultures, it can be seen that cultures
containing Gram-negatives show more correct identifica-
tions with all of the methods used. When Sepsityper was
used, 96% (45/47) of all Gram-negative cultures showed
correct identification (≥1.7), on the contrary to cultures
containing Gram-positives, where only 64% of the results
(33/52) were correct. For the centrifugation method, 92%
(43/47) and for the MolYsis method, 62% (29/47) of the
Gram-negative cultures were identified correctly (≥1.7).
With both the centrifugation and the MolYsis methods,
42% (22/52) of the Gram-positive cultures were correctly
identified.

Staphylococci were most frequently detected in the
cultures containing Gram-positive bacteria, i.e. they repre-
sented 65% of these bottles (34/52). The direct smear
method always resulted in reliable identification by
MALDI-TOF MS. When identification directly from the
positive blood culture was performed, Sepsityper resulted
in the most correct identifications, as 12/14 S. aureus, 8/12
S. epidermidis, 1/1 S. haemolyticus, 0/1 S. warneri and 5/6
Staphylococcus spp. showed identical results compared to
the results obtained from the blood agar plate. In this study,
streptococci were found to be the second most detected
group of bacteria from culture bottles, with 12/52 (23%)
cases. S. pneumoniae was recovered most frequently, in 9/
12 cases. In three cases, no growth was detected on blood
agar and, therefore, the direct smear method could not be
performed. In five cases, S. pneumoniae was identified
correctly from blood agar (≥1.7); however, directly from
positive cultures successful detection of this pathogen
proved to be difficult, as correct identification only
occurred once with both the centrifugation/washing method
and the Sepsityper method (≥1.7×<2). Enterococci were
recovered from 6/52 cultures (11.5%); in four cases E.
faecalis was found and in two cases, E. faecium was
found. Enterococci were detected accurately (>2) from
blood agar (Table 1), except for one E. faecium strain
which did not result in proper growth. Sepsityper
characterised all E. faecalis cultures and one E. faecium
culture accurately (>2).
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The McNemar test was used to investigate the statistical
significance of the obtained results. From the analysis of
the total amount of blood cultures tested, it was shown that
the direct smear method always showed significantly better
results compared to identification directly from positive
blood cultures (all methods), p≤0.001. The Sepsityper
method showed to lead to significantly better results
compared to the MolYsis enrichment, p=0.000. No
significant difference was observed between the C/W
method and MolYsis (p=0.11) and the C/W method and
Sepsityper (p=0.19). When only the blood cultures con-
taining Gram-positive bacteria were analysed, by using the
McNemar test, it was again shown that the direct smear
method was always significantly better compared to
analysis directly from blood cultures, p≤0.002. Sepsityper
proved to be significantly better compared to the MolYsis
treatment, p=0.008. The C/W method was comparable to
Sepsityper and MolYsis. As the direct smear method for all
Gram-negative-containing blood cultures always resulted in
correct identification, these results were not used for McNemar
analysis. The C/W method and the Sepsityper method
performed on positive blood cultures (Gram-negative bacteria)
lead to significantly better results compared to MolYsis
(p≤0.01), but not when compared to each other.

The time needed to process positive cultures with the
described methods varied. Sepsityper was fast (20 min) and
easy to use, while MolYsis (50 min) had quite some
incubation steps, took a lot of hands-on time and did not
lead to reliable results. The centrifugation method is a good
alternative (30 min), especially for Gram-negative pathogens,
as it is cheap to use and shows promising results for this group
of micro-organisms. In contrast, the commercially available
methods are more expensive (the list price in The Netherlands
for the Sepsityper and Molzymmethods are 4 and 8 Euros per
test, respectively).

In preliminary experiments, BacT/ALERT bottles with
charcoal were also analysed by using the Sepsityper method
(Bruker) and the method described by Moussaoui et al.
[14], using serum separation tubes. Bottles containing
charcoal never showed reliable results and mostly resulted
in “no peaks found”, as the charcoal was always isolated
with the bacteria from the positive cultures.

Spiked aerobe cultures with reduced incubation times

To decrease the time-to-result even more, aerobe BacT/
ALERT blood culture bottles were spiked with approxi-
mately 1,000, 100, and 10 colony-forming units (CFU) of
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Fig. 2 Overview of results obtained with different bacterial isolation
methods from positive blood cultures in comparison to results
obtained with the direct smear method directly from blood agar. a
The overall results are depicted obtained after the analysis of all
bottles included in this study. b Specific results obtained from the 47

bottles containing Gram-negative bacteria. c The data of the 52 bottles
in which Gram-positive bacteria were found are shown. C/W;
centrifugation/washing method. Statistical significance was analysed
by using the McNemar test, see the Results section for details
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S. aureus (ATCC 25923) or E. coli (ATCC 25922) per
bottle (representative of 100, 10 and 1 CFU/ml blood) and
were incubated for 7 h in order to be able to obtain results
within one working day (8 h). Sepsityper was used in
combination with MALDI-TOF MS for bacterial identifi-
cation from these bottles, as this method proved to be
superior in previous experiments. After 7 h of incubation in
the BacT/ALERT 3D system, a 1-ml aliquot was taken
from each bottle and processed as described in the
Sepsityper manual. The culture bottles were placed back
in the BacT/ALERT 3D system to determine the time to
positivity for each bottle and to use these bottles as positive
controls for the Sepsityper procedure the next day. All
experiments were performed three times (independently).
Reduced incubation times of 7 h did not result in a peak
pattern; no peaks were detected even after the manual
selection of areas on the target plate. The S. aureus-spiked
bottles were flagged positive after 16 h (1,000 CFU), 17.5 h
(100 CFU) and 19.5 h (10 CFU) by the BacT/ALERT 3D
system, and did show the correct identification (≥1.7×<2 or
>2) of S. aureus with the Sepsityper method. The E. coli-
spiked cultures were flagged positive after 12 h
(1,000 CFU), 13 h (100 CFU) and 14 h (10 CFU) by the
BacT/ALERT 3D system, and were correctly identified
(>2) as containing E. coli by MALDI-TOF MS analysis. As
1 ml might be a low amount of material to analyse after
only 7 h of incubation, it was hypothesised that an increase
in the sample volume might lead to the reliable identifica-
tion of S. aureus-spiked aerobe cultures; therefore, the
centrifugation/washing method (4 ml) was tested as well as
the Sepsityper method, for which 2 ml was used (the
chemicals from the kit were increased in the same ratio).
Again, for both methods, no reliable identification was
found as a result, but the positive bottles did show the
reliable identification of S. aureus the next day (≥1.7×<2 or
>2). As a last effort, a new protocol was investigated which
was published by Moussaoui et al. [14] and describes the
use of serum separation tubes (Becton Dickinson). This
protocol was optimised for 3.5 ml of culture material and
combined with the saponin pre-treatment step as described
by Lupetti et al. [20]. The results indicated a non-reliable
identification after 7 h of incubation for S. aureus-spiked
cultures. The positive bottles did result in reliable identifi-
cation (≥1.7×<2) the next day.

Discussion

In this study, Sepsityper was shown to be the best method
for positive aerobe BacT/ALERT blood cultures, as 79/101
cultures were correctly identified (78%). By using the
MolYsis Basic (Molzym) method, 50.5% of all bottles were
correctly identified, and the centrifugation/washing method

according to Ferreira et al. [11] resulted in a correct
identification rate of 65% of all cultures. In the current
literature, a correct identification rate of between 30 and
90% is described [10, 12, 14, 15, 17], and this is in
agreement with the data from this study. Christner et al.
[15] and Moussaoui et al. [14] both describe high correct
identification rates of approximately 90%, which is higher
than the 78% found in this study. The most important
difference is the use of BACTEC cultures (compared to
BacT/ALERT cultures) in those studies. In addition, a clear
difference was observed between the identification of
Gram-negative versus Gram-positive bacteria, 96% versus
66%, respectively (Sepsityper), which confirms the obser-
vations of previous studies [11, 12].

Streptococci were found to be problematic pathogens for
MALDI-TOF MS identification directly from positive
cultures. In three cases, S. pneumoniae had to be detected
by LytA real-time PCR, because no growth was observed
on agar media, as the bacteria died in the bottles. In these
three specific cases, no reliable identification from the
positive cultures was possible with all of the tested
methods. For the other bottles containing streptococci (n=9),
the direct identification from blood culture material resulted
mostly in unreliable identification (<1.7) as well, while the
identification from agar media was not problematic for the
majority (7/9 cases). The problems encountered in this study
have also been observed by others [12].

In pilot experiments, it was found that anaerobe bottles
more frequently resulted in unreliable data. Therefore, in
this study, only positive aerobe BacT/ALERT cultures were
used. The reason for the better performance of aerobe
cultures might be found in the fact that the most commonly
detected bacteria grow better in aerobe culture circum-
stances. This can, subsequently, result in a higher bacterial
load in aerobe culture bottles and, subsequently, in better
MALDI-TOF MS spectra. Further studies should focus on
the usage of anaerobe BacT/ALERT blood cultures for the
optimal implementation of MALDI-TOF MS in the clinical
microbiology laboratory. In contrast, for BACTEC bottles,
several groups have described similar results for both
positive aerobe and anaerobe cultures [10, 15]. This
observation needs to be properly addressed in the future.

Previously, we showed the possibility of reduced incuba-
tion times for blood cultures spiked with staphylococci
(1 CFU/ml blood); only 5 h of pre-incubation was sufficient
to detect staphylococci when using real-time PCR as an
analytical tool [4]. In this study, a pre-incubation of 7 h was
investigated by using S. aureus- and E. coli-spiked BacT/
ALERT bottles for subsequent rapid direct analysis with
MALDI-TOF MS. Several approaches were undertaken but
these never resulted in reliable results. It has been described
that at least >108 CFU/ml need to be present in culture
material in order to obtain a spectra that resembles that from
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a pure culture, and at 106 CFU/ml, the spectra resembles that
of a sterile culture [15]. This can be the explanation for the
results obtained in this study. It remains unexplained why
unreliable data have been obtained when 4 ml was used after
7 h of incubation.

In this study, S. aureus-containing cultures were never
misidentified as CNS and vice versa. Ferroni et al. [16]
showed similar results with positive BacT/ALERT bottles
concerning staphylococci. This may contribute to the
discrimination of contamination versus true infection.
Another positive effect of MALDI-TOF MS identification
is that CNS are now more frequently identified to the
species level. This group of microorganisms is increasingly
described in the literature in relation to infection [21, 22],
making it clinically relevant to investigate this group of
pathogens in more detail.

Positive BacT/ALERT bottles were tested immediately
in the morning (9 am). If bottles became positive during the
night in the BacT/ALERT 3D system, they remained in the
culture machine until 8.30 am, and the time to positivity
(TTP) was not registered for this study. Bottles were kept at

room temperature, when positive, between 8.30 am and 6
pm (working hours); subsequently, they were stored for
1 week at 35°C. Bottles that became positive in the
afternoon were tested the next day. However, if only
Sepsityper is used for the analysis, positive bottles can be
collected several times a day; for example, every 2 h,
starting at 8.30 am, with the last round at 5.00 pm.

The results of this study implicate that routine diagnos-
tics can be optimised when positive blood cultures can be
processed by Sepsityper followed by MALDI-TOF MS, as
schematically represented in Fig. 3b. Pathogen identifica-
tion can be available within 20 min (depending on the
number of positive cultures that need to be processed), in
contrast to the current workflow (approximately 1–2 days;
see Fig. 3a). This rapid direct identification of micro-
organisms from positive cultures can have a major impact
in the clinic. Patient-tailored treatment decisions can be
made more rapidly, but the final antibiotic therapy can only
be installed if antibiotic susceptibility results are available.
Although Sepsityper was superior in this study, alternatives
to this approach exist and clinical microbiology laboratories

Fig. 3 Schematic representation
of the current (a) and possible
new diagnostic workflow (b).
Every positive culture (anaerobe
cultures need further research)
will be processed by Sepsityper
and analysed by using MALDI-
TOF MS to have optimal speed
for the identification of
pathogens. Additionally, Gram
staining and subculture on agar
media will be started for
antibiotic susceptibility testing
and, when necessary, these agar
media can be used for MALDI-
TOF MS when the direct
identification from cultures is
unsuccessful
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with a lower budget might implement the centrifugation/
washing method for positive cultures containing Gram-
negative pathogens and apply the Sepsityper method only
for positive cultures containing Gram-positive pathogens.
Another alternative might be the usage of the spot
subculture agar plates (materials and methods) for cultures
which became positive early in the morning and Sepsityper
for cultures that became positive later during the day. At the
end of the working day, these spot subcultures contain
enough bacteria for MALDI-TOF MS analysis via the
direct smear method. Unfortunately, it is still not possible to
use MALDI-TOF MS for antibiotic susceptibility testing or
for the detection of virulence factors. Additional studies are
needed for this.

In summary, after the analysis of more than 100 positive
aerobe BacT/ALERT cultures with three different process-
ing methods, it can be concluded that Sepsityper is superior
for the detection of pathogens directly from positive aerobe
BacT/ALERT cultures by MALDI-TOF MS in comparison
to processing cultures by MolYsis or the centrifugation/
washing method. Gram-negative pathogens are easier to
identify from cultures compared to Gram-positive micro-
organisms. Reduced incubation (7 h) of S. aureus- and E.
coli-spiked aerobe BacT/ALERT cultures did not result in
reliable identification with all of the methods tested.
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