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In this study, we investigated the performance of the FilmArray and matrix-assisted laser desorption ionization–time of flight
mass spectrometry (MALDI-TOF MS) in identifying microorganisms from blood culture (BC) bottles prior to positivity. First,
we used simulated BacT/Alert FA Plus BC bottles with five each for Escherichia coli and Staphylococcus aureus isolates. The
FilmArray identified all 10 isolates before BC positivity with 9/10 at 5 h and 1 at 7.5 h after incubation in the BC system. MALDI-
TOF MS failed to identify the isolates prior to positivity. When the bottles were incubated for 2.5 h at room temperature (RT)
before we put them into the BC system, the FilmArray identified 6/10 at 2.5 h and the remaining 4 at 5 h. Finally, we tested simu-
lated BC bottles after incubation at RT. Interestingly, 9/10 isolates were identified with the FilmArray after 8 h of incubation at
RT. Second, we studied clinical BC bottles in quadruplicate. When three-fourths of the parallel bottles signaled positive, the
FilmArray was run on the fourth nonsignaled bottle and was found to be positive in 14/15 such cases. Third, we analyzed the per-
formance of the FilmArray in the identification of microorganisms from clinical BC bottles before incubation in the system. Two
milliliters of broth from 400 BC bottles was collected after arrival at the laboratory and stored at �70°C. Sixteen bottles later
signaled positive in the system. When the frozen broth from these bottles was analyzed, the FilmArray identified all the microor-
ganisms in 8/16 bottles prior to incubation in the BC system. This study shows that the FilmArray can identify microorganisms
from BC bottles prior to positivity and in some cases even prior to incubation in the BC system.

Early identification of microorganisms and their antimicrobial
resistance properties in patients with bloodstream infections

(BSI) has been shown to be crucial in the clinical management and
initiation of the appropriate antimicrobial therapy (1). Blood cul-
ture is currently the gold standard for detecting and identifying
microorganisms causing BSI (2). Despite being accurate and well
established in the routine workflow, culture-based standard pro-
cedures may take up to 72 h (3, 4). Thus, there is an urgent need
for methods that can rapidly identify microorganisms to the spe-
cies level and the antimicrobial resistance properties.

Studies to date on BSI diagnostics have had three main areas of
focus, namely, (i) non-culture based, (ii) blood culture based, and
(iii) semi-culture-based methods, which are the focus area of this
study. The idea of the non-culture-based methods is to bypass
blood culturing and the associated time loss. While the obvious
advantage is rapid identification, the disadvantages are diagnosti-
cally challenging and include a long hands-on time, specially
trained personnel for performing the analysis, and a long process-
ing time for identification (6 to 8 h) (5). Therefore, despite nu-
merous investigations, the non-culture-based methods have not
yet been established in routine diagnostics (5).

In recent years, culture-based methods experienced a revolu-
tion by the development of rapid identification methods that can
be used directly on positive BC bottles. Methods that have been
proven successful with this approach include direct matrix-as-
sisted laser desorption–ionization time-of-flight mass spectrom-
etry (MALDI-TOF MS) (6), the FilmArray (7), and fluorescence
in situ hybridization using peptide nucleic acid probes (PNA-
FISH) (8, 9). These methods have reduced the total time to iden-
tification of microorganisms significantly. However, they still re-
quire the use of blood cultures that have signaled positive (3).

The FilmArray blood culture identification (FA BCID) panel is
a new molecular diagnostic method based on multiplex PCR (10).
Identification of 24 common microorganisms and screening for
the three antibiotic resistance genes (mecA, vanAB, and the KPC
gene) takes 65 min in total from blood culture positivity. We have
recently evaluated the FA BCID panel in a prospective clinical
study where the method identified all microorganisms in 153/167
(91.6%) monomicrobial and 17/24 (71%) polymicrobial blood
cultures (7).

The blood culture-based methods have decreased the time to
identification after blood culture positivity from up to 72 h to �2
h (6–8). The next step in rapid diagnostics might be a semi-cul-
ture-based approach. Semi-culture-based identification is a new
approach, and the term is defined as the identification and suscep-
tibility testing of microorganisms from blood culture bottles be-
fore the bottles signal positive in the blood culture system. Few
previous studies have explored this approach (11–13). The aim of
this study was to evaluate the FilmArray and MALDI-TOF MS for
(i) identification of bacteria, yeast, and antibiotic resistance genes
in blood cultures before positivity in the blood culture systems
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and (ii) identification of bacteria and yeast after incubation of the
blood cultures in room temperature.

MATERIALS AND METHODS
We conducted our investigation between June 2013 and November 2013
at Karolinska University Hospital, Huddinge, Sweden. The laboratory
receives ca. 75,000 blood culture specimens per year from Karolinska
University Hospital (Huddinge, Sweden), South General Hospital (Stock-
holm, Sweden), and Södertälje Hospital (Södertälje, Sweden). The total
number of patient beds in these three tertiary hospitals are 1,569.

Study design. We evaluated the performance of the FilmArray (Bio-
Fire Diagnostics, Inc., Salt Lake City, UT, USA) and MALDI-TOF MS

(Bruker Daltonics, Bremen, Germany) in identification of microorgan-
isms from blood culture bottles prior to positivity in three different set-
tings, (i) in vitro (controlled analysis with spiked blood culture bottles),
(ii) ex vivo (clinical samples analyzed during incubation in the blood cul-
ture system), and (iii) ex vivo (clinical samples analyzed after transport
and before incubation in culture system). Figures 1 and 2 depict the study
design.

Blood culture bottles and blood culture system. BacT/Alert aero-
bic/FA Plus and anaerobic/FN Plus (bioMérieux, Durham, NC, USA)
blood culture bottles were used for the investigation. Bottles were incu-
bated in the BacT/Alert 3D (bioMérieux) automated blood culture system
until positivity or for a maximum of 5 days.

FIG 1 Flow chart of in vitro studies of the FilmArray (FA) and MALDI-TOF MS on BacT/Alert FA Plus blood culture bottles inoculated with Escherichia coli (n �
5) and Staphylococcus aureus (n � 5).

FIG 2 Flow chart of clinical blood culture bottles tested with the FilmArray (FA) prior to positivity in the blood culture system (A) and prior to incubation in
the blood culture system (B).
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FilmArray BCID. The FilmArray is a closed in vitro diagnostic system
that combines nucleic acid extraction from clinical specimens, high-order
nested multiplex PCR, and post-PCR DNA melt curve analysis. The FA
BCID panel covers 19 bacteria and 5 yeasts: Enterobacteriaceae, Escherichia
coli, Enterobacter cloacae complex, Klebsiella oxytoca, Klebsiella pneu-
moniae, Serratia marcescens, Proteus spp., Acinetobacter baumannii, Hae-
mophilus influenzae, Neisseria meningitidis, Pseudomonas aeruginosa,
Staphylococcus spp., Staphylococcus aureus, Streptococcus spp., Streptococ-
cus agalactiae, Streptococcus pyogenes, Streptococcus pneumoniae, Entero-
coccus spp., Listeria monocytogenes, Candida albicans, Candida glabrata,
Candida krusei, Candida parapsilosis, and Candida tropicalis. In addition,
the FA BCID panel also tests for the three antimicrobial resistance genes
(vanAB, mecA, and the KPC gene). Briefly, 1 ml hydration buffer was
injected into the pouch using the FA product syringe. Then, 100 �l of the
blood culture broth was diluted in FA dilution buffer. A diluted sample
(300 �l) was injected into the FA pouch before loading into the FilmArray
system for analysis. Extraction, amplification, detection, and control anal-
yses were automated within the pouch. Results for the analysis were pro-
vided by the software automatically after use of endpoint melting curve
data. Each pouch included two internal run controls for both the primary
amplification and the analyte-specific detection stages.

MALDI-TOF MS. MALDI-TOF MS was performed directly from
blood culture bottles as previously described by Saffert et al. (14). Briefly,
1.5 ml blood culture broth was centrifuged for 5 min at 110 relative cen-
trifugal forces (rcf). Following the centrifugation, 1 ml supernatant was
transferred to an Eppendorf tube and centrifuged for 2 min at high speed
(20,800 rcf). The pellet was washed with 1 ml molecular-grade water (Sig-
ma-Aldrich, St. Louis, MO, USA) and centrifuged for 2 min at high speed.
Extraction was performed by exposing the pellet to 70% formic acid (30
�l) (Fluka, St. Louis, MO, USA) and 30 �l acetonitrile (Fluka). After a
2-min centrifugation at high speed, 1 �l supernatant was spotted on a steel
96-spot MALDI plate (Bruker Daltonics, Bremen, Germany) and allowed
to dry before application of the MALDI matrix (1 �l) (Bruker Daltonics).
MALDI-TOF MS (Bruker Daltonics) was used to perform the analysis.
The Bruker Biotyper 3.0 software and library (Bruker Daltonics) were
used for spectra analysis. According to the manufacturer’s instructions,
scores of �2.0 were considered identification at the species level and
scores of �1.7 were considered identification at the genus level.

Standard clinical microbiological methods. Gram staining was done
immediately after blood cultures signaled positive. The results of the
Gram stains directed further subculturing onto relevant agar plates. Ob-
served growth on agar plates was used for identification of microorgan-
isms by using MALDI-TOF MS (Bruker Daltonics, Bremen, Germany),
the Vitek 2 XL system (bioMérieux, France), and various validated desk-
top spot tests. These tests included catalase, oxidase, and indole spot tests
and agglutination for Staphylococcus aureus (Staphaurex latex test; Remel
Europe Ltd., Dartford, United Kingdom), group A streptococci, and
Streptococcus pneumoniae (Oxoid, Basingstoke, United Kingdom). The
susceptibility testing was performed by disc diffusion according to the
EUCAST method.

Simulated blood culture bottles. (i) Preparation of simulated blood
culture bottles. Escherichia coli and S. aureus, two of the most common
causes of bacterial BSIs, were used in the in vitro experiments (15). Eight
previous blood culture isolates, four each from S. aureus and E. coli and
two reference strains, S. aureus (ATCC 29213) and E. coli (ATCC 25922),
were included in the study. The frozen isolates were thawed, cultured onto
blood agar plates, and then incubated at 37°C for 24 h. Inoculum was
prepared by suspending colonies from agar plates in 0.01 M phosphate
buffer solution (pH 7.3 to 7.4) to a 0.5 McFarland standard (1.5 � 108

CFU/ml) in DensiCheck (bioMérieux, l’Etoile, France). Inoculum was
diluted, and each bottle was spiked with 100 �l final inoculum containing
1, 000 CFU of the individual bacteria. Finally, 10 ml of 37°C defibrinated
horse blood (Håtunalab AB, Bro, Sweden) was added to each BacT/Alert
FA Plus blood culture bottle. Similarly, 100 �l of the final suspension was
simultaneously cultured on three blood agar plates and incubated at 36°C

for 24 h to control the bacterial concentration that was inoculated in the
respective blood culture bottle.

(ii) Identification of bacteria with the FilmArray and MALDI-TOF
MS prior to positivity in the blood culture system. Bottles were prepared
as described above and then were immediately incubated in the blood
culture system. Blood culture broth from the incubated bottles was taken
at the time intervals of 2.5 h, 5 h, and 7.5 h and analyzed by the FilmArray
and direct MALDI-TOF MS. The bottles were kept in the blood culture
system until they signaled positive. The times to detection (TTD) of blood
cultures in the blood culture system were documented. The positive blood
cultures were then analyzed by direct MALDI-TOF MS since the method
could not identify bacteria before blood culture positivity. MALDI-TOF
MS was not included in the subsequent experiments due to the observed
failure of identification of bacteria during culture.

(iii) Simulated transport time before loading the bottles in the blood
culture system. In this experiment, we investigated the role of transport
time in identification of bacteria prior to culture positivity. We investi-
gated the effect of transport time by preparing spiked blood cultures as
previously described and incubating 10 spiked bottles (five each of S.
aureus and E. coli) for 2.5 h at room temperature before loading them in
the blood culture system. The FilmArray analyses were performed at the
time intervals of 2.5 h, 5 h, and 7.5 h after incubation of the bottles in the
blood culture system. Finally, bottles were left in the blood culture system
until signaling positive.

(iv) Spiked blood cultures incubated at room temperature and ana-
lyzed with the FilmArray. Ten blood culture bottles (five each of S. aureus
and E. coli) were spiked as previously described and incubated at room
temperature. The FilmArray analyses were then performed at the time
intervals of 2.5 h, 8 h, and 24 h of room temperature incubation. The
chosen time intervals were based on our previously reported observation
on transport times of blood cultures at Karolinska University Hospital
(16). After the microorganism identification with the FilmArray, the
blood cultures were immediately incubated in the blood culture system.
The times to detection for the blood culture bottles in the system were
documented.

Clinical blood culture bottles. (i) Identification of bacteria from
clinical samples prior to positivity in the blood culture system. Blood
culture bottles in quadruplicate were investigated for inclusion in this part
of the study. The criteria for inclusion in the study were (a) BacT/Alert
aerobic/FA Plus and anaerobic/FN Plus blood culture bottles, (b) samples
for four blood culture bottles taken at the same time, and (c) pending
blood culture bottle results. When three out of the four samples signaled
positive in the blood culture system, the fourth blood culture was tested by
the FilmArray before signaling for blood culture positivity. In order to
analyze the specificity of the FilmArray, we tested 8 blood culture bottles
that were negative at the end of 5 days of incubation in the blood culture
system.

(ii) Identification of bacteria from clinical samples prior to incuba-
tion in the blood culture system. Two-milliliter blood culture broth from
one bottle from each of the 400 blood culture bottles were taken from the
clinical samples after arrival at the laboratory. These samples were imme-
diately put in a �70°C freezer. Simultaneously, the blood culture bottles
were loaded in the blood culture system. Blood cultures were routinely
followed for positivity or until the end of the incubation time of 5 days.
When the blood culture bottle signaled positive, the respective frozen
broth was thawed and analyzed with the FilmArray. If the initial analysis
was FilmArray negative, 1 ml broth was centrifuged at 21,000 rcf for 5 min.
The supernatant (850 �l) was discarded, and 100 �l of the pellet was
analyzed again by The FilmArray. Transport times of the respective sam-
ple and times to detection of microorganisms in the blood culture system
were documented. In order to analyze the specificity of the FilmArray in
this setting, we tested frozen broth from 4 blood culture bottles that were
negative at the end of 5 days of incubation in the blood culture system.
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RESULTS
Identification Prior to Detection in Spiked Blood Culture Bot-
tles. (i) Identification of bacteria prior to detection in the blood
culture system. The FilmArray identified 10/10 (100%) bacteria
in spiked samples before detection in the blood culture system.
Nine out of 10 (five S. aureus and four E. coli) isolates were iden-
tified at 5 h, and the remaining one E. coli isolate was identified at
7.5 h of incubation in the blood culture system (Table 1). The
median time to detection (TTD) of growth for the blood culture
bottles in the automated blood culture system was 11.1 h (range,
9.12 to 25 h). In contrast, MALDI-TOF MS did not detect any of
the isolates prior to their signaling positive in the blood culture
system. Identification with the direct MALDI-TOF MS method
was, however, successful in 10/10 (100%) samples after blood cul-
ture bottles signaled positive with an average MALDI-TOF MS
score of 2.1 (data not shown).

(ii) Effect of transport time on the FilmArray performance.
We analyzed the effect of a 2.5-h room temperature incubation
before loading of the spiked blood culture bottles in the blood
culture system. Interestingly, 6/10 (60%) spiked samples were
identified by the FilmArray after 2.5 h of incubation in the blood
culture system (Table 1). These isolates were three each of S. au-
reus and E. coli. The remaining four samples (two each of S. aureus
and E. coli) were identified after 5 h of incubation in the blood
culture system. The median time to detection in the blood culture
system was 9.1 h (range, 8.2 to 10.8 h). In this setting, the identi-
fication of S. aureus and E. coli by the FilmArray was done in a total
of 5 and 7.5 h after the inoculation of bacteria in the blood culture
bottles.

(iii) FilmArray analysis prior to incubation in the blood cul-
ture system. Direct identification prior to incubation of the
spiked blood culture bottles in the blood culture system was suc-
cessful in 9/10 (90%) isolates with the FilmArray after 8 h of in-
cubation at room temperature. These were five E. coli and four S.
aureus. The remaining one S. aureus isolate was identified after 24
h of incubation at room temperature. The median TTD of spiked
samples was 5.5 h (range, 3.5 to 6.7 h) in the blood culture system
after the simulated transport time of 8 h.

Identification prior to detection in clinical samples. (i) Iden-
tification of bacteria with the FilmArray prior to detection in the
blood culture system. In total, 100 blood culture bottles in qua-

druplicate were investigated for inclusion. Twenty-three bottles
were included for analysis in the study. Fifteen of 23 (65%) bottles
became positive, and 8/23 (35%) were blood culture negative. The
FilmArray identified 14/15 (93%) microorganisms in positive
bottles prior to detection in the blood culture system (Table 2).
These were four S. aureus, five coagulase-negative staphylococci,
two E. coli, and one each of Klebsiella pneumoniae and Enterococ-
cus faecium. The FilmArray-negative and blood culture-positive
sample was one S. pneumoniae isolate that signaled positive after
74 h in the blood culture system. Eight blood culture bottles
that did not signal positive until the end of the incubation time
of 5 days in the blood culture system were also negative on the
FilmArray analysis.

(ii) Identification of microorganisms with the FilmArray be-
fore incubation in the blood culture system. Sixteen of the 400
blood culture bottles included in the study signaled positive for
growth. In total, 8 out of 16 (50%) samples were correctly identi-
fied by the FilmArray (Table 3). The microorganisms in five sam-
ples were directly identified by the FilmArray. These were one each
of E. coli, Streptococcus pyogenes, S. pneumoniae, and Candida al-
bicans and one polymicrobial blood culture containing Klebsiella
oxytoca and Citrobacter freundii. The remaining 11 samples were
centrifuged, and the pellet was analyzed with the FilmArray. The
FilmArray then identified microorganisms in an additional three
samples, each containing S. aureus. Eight out of 16 (50%) samples
remained FilmArray negative. These were two each of Klebsiella
pneumoniae and E. coli, one each of Staphylococcus epidermidis,
Enterococcus faecalis, and S. aureus and one polymicrobial sample
with E. coli and �-streptococci. Four blood culture bottles that did
not signal positive until the end of the incubation time of 5 days in
the blood culture system were also negative on the FilmArray anal-
ysis.

DISCUSSION

Rapid identification of microorganisms in patients with BSI is
critical for tailoring the appropriate antimicrobial therapy (17). In
this study, we investigated a new potential use of the FilmArray
and MALDI-TOF MS for identifying microorganisms from blood
cultures prior to signaling positive in the automated blood culture
system. In the in vitro study, we showed that the FilmArray could
identify microorganisms in 9/10 (90%) spiked blood cultures at 5

TABLE 1 In vitro study results of blood culture bottles inoculated with Escherichia coli (n � 5) and Staphylococcus aureus (n � 5)a

Time in blood culture
system (h)

No. of bottles after direct incubation in the indicated blood culture system with:

No. of bottles after
incubation in the
FilmArray at RTb

for 2.5 h with:

E. coli S. aureus

E. coli S. aureusFilmArray MALDI-TOF MS FilmArray MALDI-TOF MS

2.5 0 0 0 0 3c 3c

5 4 0 5 0 2d 2d

7.5 1 0 NAe 0 NA NA
Until positive signal NA 5 NA 5 NA NA
a At specified time points in the blood culture system, blood culture broth was aspirated and subjected to testing with the FilmArray and MALDI-TOF MS. When a bottle tested
positive with a method, no additional testing with that method was performed.
b RT, room temperature.
c The total time to identification was 5 h after inoculation in the blood culture bottles.
d The total time to identification was 7.5 h after inoculation in the blood culture bottles.
e NA, not assessed, as microorganisms in all bottles were identified by the assay.
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h and in 1/10 (10%) at 7.5 h after incubation in the blood culture
system. In contrast, the median time to detection in the blood
culture system was 11.1 h (range, 9.1 to 25 h). In parallel, we
investigated a direct MALDI-TOF MS method for identifying S.
aureus and E. coli after up to 8 h in the blood culture system.
Unfortunately, the present direct MALDI-TOF MS method
showed results similar to those of the Loonen et al. (11) investiga-
tion, and it did not identify any of the 10 strains after 8 h of
culturing in the blood culture system. The method did, however,
identify all strains after blood culture positivity.

The promising results of the in vitro investigation on the
FilmArray encouraged further exploration of the method for test-
ing clinical blood cultures. In the first part of the clinical investi-
gation, identification of microorganisms before blood culture
positivity was evaluated. The FilmArray identified all microorgan-

isms in 14/15 (93%) blood cultures, including one blood culture
that contained two different bacterial species, before blood culture
positivity. The remaining 1/15 (7%) FilmArray-negative sample
had a long incubation time in the blood culture system (72 h).

We simulated a short transport time of 2.5 h to analyze the
effect of transport time on the FilmArray results. Following the
additional transport time of 2.5 h, the FilmArray identified 6/10
(60%) of the microorganisms in spiked blood cultures at 2.5 h and
the remaining 4/10 (40%) at 5 h after incubation. The median
time to detection for the same samples in the blood culture system
was, however, 9.1 h (range, 8.2 to 10.8 h). This suggests that
the short transport time is beneficial for the performance of the
FilmArray but has no significant effect on the time to detection in
the blood culture system.

In the final part of the in vitro study, the FilmArray was inves-

TABLE 2 Identification of microorganisms from blood culture bottles by the FilmArray during incubation in the systema

System results
No. of
bottles

Microorganism(s) and gene identified by:

FilmArray
Standard method after signal in blood
culture system

FilmArray positive/culture positive (n � 14) 4 Staphylococcus aureus Staphylococcus aureus
4 Staphylococcus spp. and mecA Staphylococcus epidermidis and mecA
1 Staphylococcus spp. and mecA Coagulase negative staphylococci and mecA
1 Enterococcus spp. Enterococcus faecium
1 Enterococcus spp. Enterococcus faecalis
2 Escherichia coli Escherichia coli
1 Klebsiella pneumoniae Klebsiella pneumoniae

FilmArray negative/culture positive (n � 1) 1 None detected Streptococcus pneumoniae

FilmArray negative/culture negative (n � 8) 8 None detected No growthb

a Twenty-three blood culture bottles were analyzed in quadruplicate. One of the 4 bottles was removed from the system and analyzed when the 3 parallel blood culture bottles
signaled positive in the blood culture system.
b Incubation in the blood culture system for 5 days.

TABLE 3 Identification of microorganisms by FilmArray directly from blood culture bottles before incubation in the blood culture systema

System result

Microorganism(s) identified by:

FilmArray prior to incubation in blood culture system Standard blood culturing methods

FilmArray positive/culture positive (n � 8) Klebsiella oxytoca and Enterobacteriaceae Klebsiella oxytoca and Citrobacter freundii
Streptococcus pneumoniae Streptococcus pneumoniae
Streptococcus pyogenes Streptococcus pyogenes
Escherichia coli Escherichia coli
Candida albicans Candida albicans
Staphylococcus aureusb Staphylococcus aureus
Staphylococcus aureusb Staphylococcus aureus
Staphylococcus aureusb Staphylococcus aureus

FilmArray negative/culture positive (n � 8) None detected Escherichia coli and Streptococcus spp.
None detected Staphylococcus epidermidis
None detected Staphylococcus aureus
None detected Enterococcus faecalis
None detected Klebsiella pneumoniae
None detected Klebsiella pneumoniae
None detected Escherichia coli
None detected Escherichia coli

FilmArray negative/culture negative (n � 4) None detected No growth (5 days)
a FilmArray analysis was performed on the previously stored broth after the respective blood culture bottle signaled positive. Broth samples with negative FilmArray results were
retested with FA after a centrifugation step.
b FilmArray positive after centrifugation.
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tigated for identification of microorganisms in spiked blood cul-
tures before incubation in the blood culture system. Interestingly,
the FilmArray identified 9/10 (90%) of the microorganisms at 8 h
in spiked blood cultures without the use of the blood culture sys-
tem. This proposes a new and, to our knowledge, not previously
explored use of blood cultures. To investigate this approach on
clinical samples, we froze culture broth from 400 clinical blood
cultures after arrival at the laboratory. The 16 blood cultures that
later signaled positive were analyzed by the FilmArray, and all
microorganisms in 8/16 (50%) samples were identified from the
frozen blood culture broth. The freezing of the clinical samples
might potentially have a negative effect on the FilmArray perfor-
mance, and it is important that the samples be analyzed directly
after transport in the future. Interestingly, the FilmArray identi-
fied one C. albicans isolate from the frozen sample, suggesting that
the method can identify even yeast before incubation of the blood
in the blood culture system. This might be compared to standard
diagnostic methods that took 48 h to identify the C. albicans iso-
late. The present study also included one polymicrobial clinical
blood culture bottle where the microorganisms were identified by
the FilmArray before incubation of the bottle in the blood culture
system. To put this finding in perspective: the semi-culture ap-
proach results in identification of the microorganisms in a poly-
microbial blood culture in 70 min after arrival at the laboratory. In
contrast, when processed by standard microbiological methods,
the same polymicrobial sample would first require incubation in
the blood culture system for detection and then an additional 24 to
48 h for identification. This finding might also be compared to
direct MALDI-TOF MS methods where several studies have
shown that MALDI-TOF MS is unreliable for identifying micro-
organisms in polymicrobial blood cultures (18, 19). Recently, we
showed that the FilmArray identified all microorganisms in 17/24
(71%) clinical polymicrobial blood culture bottles after they sig-
naled positive in the blood culture system (7). The semi-culture
approach of identifying microorganisms before incubating the
blood culture in the blood culture system might equip both the
laboratory and the physician with a new possible “urgent analysis”
if required (i.e., prolonged transport times for hospitals that are at
long distances from the laboratory and/or a patient who is rapidly
deteriorating). Blood cultures taken according to standard proce-
dures might be analyzed by the FilmArray before incubation in the
blood culture system.

There were no vanAB- or KPC gene-positive samples in the
present study. Interestingly, all six MecA-positive Staphylococcus
spp. detected by the FilmArray were resistant to cefoxitin in sus-
ceptibility testing, indicating that the assay might detect resistance
genes in a semi-culture-based approach.

The present results indicate that the FilmArray applied to
blood culture fluid after 5 h of incubation in the blood culture
system might be a useful diagnostic strategy for routine use in
order to detect bloodstream infection. Thus, including hands-on
time and time in the FA system, the total time from the sampling
to the identification result is approximately 6 h. This should be
compared to the times for non-culture-based molecular diagnos-
tic methods that are performed directly on blood samples. These
methods are aimed to bypass the need for culturing in an attempt
to quickly identify microorganisms. The LightCycler SeptiFast
test, the Magicplex real-time PCR test, and the VYOO test are
three commercial PCR assays that are used for detecting microor-
ganisms directly from blood samples without the need for cultur-

ing. Despite bypassing the need for culturing, these methods take
6 to 8 h to identify microorganisms. Compared to non-culture-
based methods, the total time to identification using the present
semi-culture approach with the FilmArray is ca. 6 h. This short
time to identification suggests that the FilmArray might be used in
a selected number of patients in a manner similar to that of the
non-culture-based methods. While the FilmArray only requires 5
min of hands-on time and almost no personnel training to per-
form the analysis, the non-culture-based methods require consid-
erably longer hands-on time for extraction and PCR in addition to
specially trained staff (5). The simplicity of the FilmArray is an
obvious advantage as it can be performed by non-laboratory-
trained personnel and can be implemented in 24/7 clinical settings
(i.e., intensive care units). The semi-culture approach has the
added benefit of early identification as well as simultaneous cul-
turing for further processing in situations where an extended eval-
uation of the microorganisms is also needed (i.e., sequencing, col-
lecting, and freezing isolates, etc). Moreover, there is still an
obvious need for antimicrobial susceptibility testing of the col-
lected strains, which is currently not possible with the non-cul-
ture-based methods.

The specificity of the assay is essential in implementation of the
FilmArray in a semi-culture-based approach. In the present study,
we tested a total of 12 blood culture bottles that were negative in
the blood culture system. In our previous FilmArray study, we
tested another 12 negative blood culture samples (7). In all 24
negative blood culture bottles, the FilmArray results were also
negative. In line with our findings, Blaschke et al. (20) reported
that 18 blood culture bottles that were culture negative were also
negative in the FilmArray. The present and previously published
data indicate that the FilmArray has high specificity for negative
blood culture bottles.

It is important to note that we analyzed the performance of the
FilmArray only in BacT/Alert FA Plus in the simulated bottles and
in BacT/Alert FA Plus and BacT/Alert FN Plus in the clinical sam-
ples. It is not possible to generalize the present data to all types of
blood culture bottles in the clinical routine, and the performance
of the FilmArray may vary in other types of bottles.

There are a wide range of bacteria and yeast that can cause BSI.
A limitation of the present study is that we analyzed only E. coli
and S. aureus in the simulated blood cultures. Further studies
analyzing other microorganisms, including fastidious bacteria
yeasts and polymicrobial BC samples, are warranted.

This study proposes a unique application of the FilmArray that
might open new possibilities for the rapid identification of micro-
organisms in patients with BSI. The present data indicate that the
FilmArray can be used in identification of microorganisms from
blood culture bottles before they signal positive and has the po-
tential of identifying the microorganisms in blood cultures di-
rectly after arrival at the laboratory. This might be an important
supplement to traditional blood culturing methods by providing
rapid microorganism and antimicrobial resistance gene identifi-
cation. Further studies are warranted to investigate the perfor-
mance of the semi-culture-based FilmArray method in clinical
settings.
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