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Rapid and accurate identification of the pathogens involved in bloodstream infections is crucial for the prompt initiation of
appropriate therapy, as this can decrease morbidity and mortality rates. A PCR-reverse blot hybridization assay for sepsis, the
reverse blot hybridization assay (REBA) Sepsis-ID test, was developed; it uses pan-probes to distinguish Gram-positive and -neg-
ative bacteria and fungi. In addition, the assay was designed to identify bacteria and fungi using six genus-specific and 13 species-
specific probes; it uses additional probes for antibiotic resistance genes, i.e., the mecA gene of methicillin-resistant Staphylococ-
cus aureus (MRSA) and the vanA and vanB genes of vancomycin-resistant enterococci (VRE). The REBA Sepsis-ID test
successfully identified clinical isolates and blood culture samples as containing Gram-positive bacteria, Gram-negative bacteria,
or fungi. The results matched those obtained with conventional microbiological methods. For the REBA Sepsis-ID test, of the
115 blood culture samples tested, 47 (40.8%) and 49 (42.6%) samples were identified to the species and genus levels, respectively,
and the remaining 19 samples (16.5%), which included five Gram-positive rods, were identified as Gram-positive bacteria,
Gram-negative bacteria, or fungi. The antibiotic resistances of the MRSA and VRE strains were identified using both conven-
tional microbiological methods and the REBA Sepsis-ID test. In conclusion, the REBA Sepsis-ID test developed for this study is a
fast and reliable test for the identification of Gram-positive bacteria, Gram-negative bacteria, fungi, and antibiotic resistance
genes (including mecA for MRSA and the vanA and vanB genes for VRE) in bloodstream infections.

Sepsis is an increasingly common cause of morbidity and mor-
tality, particularly in elderly, immunocompromised, and crit-

ically ill patients (1), and it represents one of the greatest chal-
lenges in intensive care medicine. The causative agents of sepsis
are Gram-positive bacteria, Gram-negative bacteria, anaerobes,
and fungi (2–6). Moreover, this situation has worsened with the
emergence of methicillin-resistant Staphylococcus aureus (MRSA)
and vancomycin-resistant enterococci (VRE) (7, 8).

Conventional identification and susceptibility testing systems
have several limitations, including a lack of both speed and sensi-
tivity. The current gold standard for sepsis diagnosis, which is
blood culture sampling, usually requires 6 to 12 h of incubation
and a further 24 to 48 h for definitive identification of the infec-
tious agent and the determination of its susceptibility to antibiot-
ics (9, 10). Therefore, the development of a rapid, sensitive, and
specific assay is important for the identification of bloodstream
pathogens, as well as for the implementation of timely, appropri-
ate, and accurate antimicrobial therapy (11).

Currently, molecular methods, such as PCR, real-time PCR,
and microarray analyses, are used to detect pathogens, and these
methods have shown enhanced sensitivities and specificities for
microbial pathogens (12). For the diagnosis of sepsis, a new assay
that can detect and identify a panel of the most relevant bacterial
and fungal pathogens is needed, as broad-range pathogens are
increasingly linked to bloodstream infections. At present, various
assays are commercially available, such as SeptiFast (Roche Diag-
nostics GmbH, Mannheim, Germany), SepsiTest (Molzym
GmbH & Co. KG, Bremen, Germany), VYOO (SIRS-Lab GmbH,
Jena, Germany), and the microarray-based system Prove-it Sepsis
(Mobidiag, Helsinki, Finland) (9). These assays can detect broad-
range bloodstream pathogens and their drug resistance profiles.
However, a new assay that can distinguish between bacteria and

fungi or between Gram-positive and -negative bacteria is required
for the diagnosis of bloodstream infections. Moreover, for the
appropriate treatment of bloodstream infections, the new assay
should (i) include current causative agents as targets, (ii) identify
pathogens to the genus and species levels, and (iii) simultaneously
determine the antibiotic resistance profiles of the detected patho-
gens.

The reverse blot hybridization assay (REBA), which is a molec-
ular tool for the assessment of multiple samples using multiple
probes, allows for simultaneous detection and identification of
pathogens. REBA is increasingly used as a diagnostic tool for sev-
eral pathogens (13, 14).

The aim of the present study was to develop and evaluate the
REBA Sepsis-ID test for the rapid diagnosis of sepsis-causing mi-
croorganisms. The REBA Sepsis-ID test was developed to detect
Gram-positive bacteria, Gram-negative bacteria, and fungi using
pan-probes, to identify sepsis-causing organisms to the genus and
species levels, and to detect antibiotic resistance profiles using
probes for the mecA gene of MRSA and the vanA and vanB genes
of VRE.
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MATERIALS AND METHODS
Bacterial strains and clinical specimens. For the development and opti-
mization of the REBA Sepsis-ID test, 48 reference strains and 120 clinical
isolates were used (Tables 1 and 2). In total, 120 bloodstream infection-
causing clinical isolates were obtained from December 2011 through Jan-
uary 2012 at a university hospital laboratory in Wonju, South Korea. All
strains were grown on sheep blood agar and MacConkey agar (BD Diag-
nostic Systems, Sparks, MD) at 37°C overnight and were identified by the
microplate method (11) and the MicroScan system (Siemens Healthcare
Diagnostics, Sacramento, CA) for Gram-positive and -negative bacteria,
and the Vitek2 system (bioMérieux, Durham, NC) with yeast identifica-
tion (YST ID) card for Candida spp. The antimicrobial resistance profiles
for the Gram-positive bacteria were determined using the MicroScan Pos
Breakpoint Combo Panel Type 28 (PBC28) (Siemens Healthcare Diag-
nostics), and those of the Gram-negative bacteria and fungi were deter-
mined according to the guidelines of the Clinical and Laboratory Stan-
dards Institute (CSLI). The analyses were performed according to the
standard protocol provided by each manufacturer.

For evaluation of the REBA Sepsis-ID test, blood samples were col-
lected from 115 hospitalized patients and were cultured using both the
Bactec FX system (BD Diagnostic Systems) and the BacT/Alert 3D system
(bioMérieux). Cultures found to contain growing bacteria in the bottles
were regarded as positive cultures and were further processed for identi-
fication using the MicroScan system (Siemens Healthcare Diagnostics).
The panels used for positive cultures were selected according to the results
of Gram staining.

Preparation of oligonucleotide probes for REBA Sepsis-ID. To max-
imize the sensitivities and specificities of the species- or genus-specific
primers and probes, sequences from the most variable regions within
the bacterial 16S ribosomal DNA (16S rDNA) for Gram-positive
and -negative bacteria, 18S to 5.8S internal transcribed sequence (ITS)
for fungi, the nuc gene for S. aureus (with the mecA gene for MRSA),
and the vanA and vanB genes for VRE, which were the target DNAs,
were selected by multiple alignment using the ClustalW program

(http://www.cmbi.kun.nl/bioinf/tools/clustalw.shtml). The specific
primers and probes used for the genus- and species-level identifications of
bacteria and fungi and for antibiotic resistance detection are listed in
Table 3. The sequences of the primers and probes were compared by
nucleotide-nucleotide NCBI BLAST (BLASTn) searches to determine
their sequence homologies. Oligonucleotide probes were selected while
taking into consideration our desire to avoid self-complementarity of
more than three nucleotides per probe. After evaluation of the probes, 17
bacterial probes, six fungal probes, and three antibiotic resistance probes
were used for the REBA Sepsis-ID test.

DNA preparation. To prepare DNA templates, one colony per type
strain and clinical isolate was suspended in 100 �l of DNA extraction
solution (M&D, Wonju, South Korea). Suspended bacterial solutions
were boiled for 10 min. After centrifugation at 13,000 � g for 10 min, the
supernatant was used as the DNA template. To prepare DNA template
from blood culture samples, 0.5 ml of culture sample was taken directly
from the Bactec FX system (BD Diagnostic System) or from the BacT/
Alert 3D system (bioMérieux), added to 1 ml of phosphate-buffered saline
(PBS) buffer (pH 8.0), and centrifuged at 13,000 � g for 1 min. The superna-
tant was removed and the pellet resuspended in 1 ml of sterile water for the
lysis of red blood cells. It was then centrifuged at 13,000 � g for 1 min. This
washing step was repeated twice, and the pellet was resuspended in DNA
extraction solution as described above for the clinical isolates.

PCR amplification. PCR was performed according to the manufac-
turer’s instructions using a 50-�l reaction mixture (Bioneer, Daejeon,
South Korea) that contained 2� Master mix, 1� primer mix, and 5 �l of
sample DNA. Sterile distilled water was added to give a final volume of 50
�l. For the REBA Sepsis-ID test, the first 10 PCR cycles comprised initial
denaturation at 95°C for 30 s, followed by annealing and extension at 65°C
for 30 s. These 10 cycles were followed by 40 cycles of denaturation at 95°C
for 30 s, followed by annealing and extension at 60°C for 30 s. After the
final cycle, samples were maintained at 72°C for 7 min to complete the
synthesis of all strands. In all PCR assays, sterile distilled water was added
to the PCR mixture in place of bacterial DNA as a negative control. Fol-

TABLE 1 List of reference strains used in this study

Gram-positive bacteria Gram-negative bacteria

Strain ATCC no. Strain ATCC no.

Enterococcus cecorum 43198 E. coli 35218
Enterococcus durans 19432 Haemophilus influenzae 49247
Enterococcus faecalis 29212 Klebsiella oxytoca 700324
E. faecalis (vanB) 51299 Klebsiella pneumoniae 13883
Enterococcus faecium 35667 Leclercia adecarboxylata 23216
E. faecium (vanA) CCUG 36804a Proteus mirabilis 7002
Enterococcus flavescens 49997 Proteus vulgaris 49132
Enterococcus gallinarum (vanC-1) 49573 Providencia alcalifaciens 51902
Enterococcus hirae 9790 Pseudomonas aeruginosa 27853
Enterococcus malodoratus 43197 Pseudomonas cepacia 25608
Enterococcus mundtii 43186 Salmonella enterica serovar Enteritidis 13076
Enterococcus raffinosus 49427 Salmonella enterica serovar Newport 6962
Enterococcus saccharolyticus 43076 Salmonella enterica serovar Paratyphi 11511
Enterococcus solitarius 49428 Shigella flexneri 9199
Enterococcus sulfureus 49903
Micrococcus luteus 49732 Fungi

Mycobacterium marinum 927 Candida albicans 10231
Staphylococcus aureus 25923 C. albicans 36802
S. aureus 29213 Candida glabrata 38326
S. aureus (MRSA) 43300 Candida guilliermondii 56822
Staphylococcus xylosus 29971 Candida lusitaniae 34449
Streptococcus agalactiae 13813 Candida parapsilosis 7330
Streptococcus pneumoniae 33400 Candida tropicalis 14506
a CCUG, Culture Collection, University of Göteborg, Sweden.
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lowing amplification, 5 �l of each PCR product was electrophoresed on a
2.0% Tris– borate–EDTA (TBE) agarose gel to confirm successful ampli-
fication. The gel was stained with 0.05 mg/ml ethidium bromide (EtBr)
solution, visualized using the AgaroPower system (Bioneer), and photo-
graphed using the Gel Doc EQ system (Bio-Rad, Hercules, CA).

PCR-reverse blot hybridization assay. The REBA Sepsis-ID test was
performed according to the standard protocols provided by the manufac-
turer (M&D). For PCR-REBA, hybridization of the PCR products with
probes immobilized on a membrane was carried out according to the
manufacturer’s instructions. Briefly, denatured PCR products in hybrid-
ization solution (HS) were incubated with REBA Sepsis-ID membrane
strips at 55°C and 90 rpm for 30 min on a mini incubation tray (Bio-Rad).
Following washing with washing solution (WS) at 55°C and 90 rpm for 10
min, streptavidin-alkaline phosphatase conjugate diluted 1:2,000 in con-
jugate diluent solution (CDS) was added and the membrane was incu-
bated at 25°C and 90 rpm for 30 min. Finally, the membrane was washed
twice with CDS at 25°C and 90 rpm for 10 min. For detection, the mem-
brane was incubated with nitroblue tetrazolium–5-bromo-4-chloro-3-in-

dolyphosphate (NBT-BCIP) staining solution (SS) for 10 min. Data interpre-
tation was conducted using the provided REBA Sepsis-ID data sheet.

RESULTS
Development of the REBA Sepsis-ID test using type strains. The
PCR amplification results for the REBA Sepsis-ID test are shown
in Fig. 1. The PCR products for the 16S rRNA genes of Gram-
positive and -negative bacteria (470 and 250 bp, respectively), the
18S to 5.8S internal transcribed sequence (ITS) of fungi (230 bp),
the nuc gene of S. aureus (120 bp), the mecA gene of MRSA (120
bp), and the vanA and vanB genes of VRE (250 and 100 bp, re-
spectively) were of the expected sizes.

To validate the usefulness of the selected probes, target DNA
samples amplified from 48 reference strains were applied to REBA
Sepsis-ID membrane strips spotted with the selected probes. The
hybridization results are shown in Fig. 2. The amplified PCR prod-

TABLE 2 Comparison of conventional methods and PCR-REBA: screening and identification results in 120 clinical isolatesa

Conventional methodsa REBA Sepsis-IDa

Genus and species Antibiotic resistance Genus and species Antibiotic resistance

Gram-positive bacteria (43)
Staphylococcus aureus (12) MRSA (9) S. aureus (12) MRSA (9)

MSSA (3) MSSA (3)
Staphylococcus epidermidis (4) MRCoNS (4) Staphylococcus spp. (4) MRCoNS (4)
Staphylococcus haemolyticus (3) MRCoNS (3) Staphylococcus spp. (3) MRCoNS (3)
Staphylococcus capitis (1) MSCoNS (1) Staphylococcus spp. (1) MSCoNS (1)
Streptococcus agalactiae (1) Streptococcus spp. (1)
Streptococcus mitis (2) Streptococcus spp. (2)
Streptococcus parasanguinis (1) Streptococcus spp. (1)
Streptococcus salivarius (1) Streptococcus spp. (1)
Streptococcus pyogenes (1) Streptococcus spp. (1)
Streptococcus pneumoniae (1) S. pneumoniae (1)
Enterococcus faecalis (4) Enterococcus spp. (4)
Enterococcus faecium (10) VRE (7) Enterococcus spp. (10) VRE-vanA (7)

VSE (3) VSE (3)
Enterococcus mundtii (1) Enterococcus spp. (1)
Corynebacterium spp. (1) Gram positive (1)

Gram-negative bacteria (64)
Escherichia coli (16) E. coli (16)
Enterobacter asburiae (1) Gram negative (1)
Enterobacter cloacae (1) Gram negative (1)
Klebsiella pneumoniae (14) K. pneumoniae (14)
Citrobacter freundii (1) C. freundii (1)
Morganella morganii (1) Gram negative (1)
Proteus mirabilis (1) Gram negative (1)
Serratia marcescens (1) Gram negative (1)
Providencia rettgeri (1) Gram negative (1)
Acinetobacter baumannii (11) Acinetobacter baumannii (11)
Pseudomonas aeruginosa (13) P. aeruginosa (13)
Aeromonas spp. (1) Gram negative (1)
Haemophilus influenzae (1) H. influenzae (1)
Moraxella catarrhalis (1) Gram negative (1)

Fungi (13)
Candida albicans (5) C. albicans (5)
Candida parapsilosis (3) C. parapsilosis (3)
Candida glabrata (1) C. glabrata (1)
Candida tropicalis (2) C. tropicalis (2)
Saccharomyces cerevisiae (2) Fungi (2)

a The number in parentheses is the number of isolates of each genus and/or species identified.
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ucts reacted with universal probes (including the pan-bacterial,
Gram-positive bacterial, Gram-negative bacterial, and fungal
probes) and genus- and species-specific probes and had unique
hybridization patterns, as expected. The target DNA samples hy-
bridized strongly with the probes derived from their targets and
showed no cross-reactivities. All of the 48 type strains showed
strong specific hybridization signals at the positions of the corre-
sponding probes derived from their respective sequences, suggest-
ing that sepsis-causing microbial pathogens can be specifically de-
tected and identified using this test.

Validation of the REBA Sepsis-ID test. In a verification test,
120 clinical isolates that had been identified by culture-based
methods were analyzed by the REBA Sepsis-ID test. The results of
a confirmation test for clinical isolates indicated high concor-
dance between the routine culture-based methods and the REBA
Sepsis-ID test. Among the 120 clinical isolates, all 43 isolates of
Gram-positive bacteria, all 64 isolates of Gram-negative bacteria,
and all 13 isolates of fungi hybridized at the position of the corre-
sponding universal probe (pan-bacteria, Gram-negative, Gram-
positive, and fungus). In addition, the REBA Sepsis-ID test iden-
tified the following clinical isolates to the genus and/or species
level: Staphylococcus spp., Streptococcus spp., Enterococcus spp.,
Candida spp., Escherichia coli, Klebsiella pneumoniae, Pseudomo-
nas aeruginosa, Acinetobacter baumannii, Haemophilus influenzae,
Citrobacter freundii, Streptococcus pneumoniae, S. aureus, Candida
albicans, Candida tropicalis, and Candida glabrata (Table 2).

Antibiotic resistance gene-carrying clinical isolates, such as
MRSA and VRE, were detected by the REBA Sepsis-ID test. In an
antibiotic susceptibility test, nine of 12 S. aureus strains were
MRSA, eight of 12 coagulase-negative staphylococci (CoNS)
strains were resistant to oxacillin (�4 �g/ml), and seven of 15
Enterococcus spp. were resistant to vancomycin (�32 �g/ml). All
antibiotic-resistant clinical isolates, including MRSA, methicillin-
resistant coagulase-negative staphylococci (MRCoNS), and VRE,
hybridized with resistance gene probes, such as those for mecA and
vanA (data not shown).

Application of PCR-REBA to clinical isolates. To evaluate the
REBA Sepsis-ID test using clinical samples, 115 positive blood
culture samples from patients with presumed sepsis were analyzed
and the results were compared with those obtained using the con-
ventional identification system. The patients were �1 year of age
and 12 had septic shock, five had pneumonia, and one had con-
tinuous bacteremia. The PCR-REBA results revealed strong con-

TABLE 3 Primers and probes used in this study

Target and primer/probe name Nucleotide sequence (5=–3=)
16S rRNA

F-16S TAAYACATGCAAGTCGARCG
R-16S TGGCACGDAGTTRGCCGKKGCTT

Staphylococcus aureus
F-Saur AGCGATTGATGGTGATACGGT
R-Saur ATGCACTTGCTTCAGGACCA

mecA
F-mecA GGTGTTGGTGAAGATATACCAAGTG
R-mecA GAAAGGATCTGTACTGGGTTAATCAT

vanA
F-VanA TCAATAGCGCGGACGAATTG
R-VanA GCGGGAACGGTTATAACTGCGTTT

vanB
F-VanB TACCTACCCTGTCTTTGTGAAGCC
R-VanB GCTGCTTCTATCGCAGCGTTTAGT

Fungus
F-Fung AACGCANMTTGCRCYCHHTG
R-Fung CAGCGGGTADYCCYACCTGA

Bacteria: p-panBact AGYGGCGGACGGGTGAGTAA
Gram(�) bacteria: p-GrPo TGAGTAACACGTGGGYAACC
Gram(�) bacteria: p-GrNg ATGTCTGGGAAACTGCCTGATG
Fungus: p-Fung TGCGTTCAARRAYTCGATGA
Enterococcus spp.: p-Ent CCATCAGARGGGGATAACACTT
Mycobacterium spp.: p-Mycob TGGTGSAAAGCTTTTGCGGT
Salmonella spp.: p-Salm CGGAAGCCTCCGCTAATTTGAT
Shigella spp.: p-Shig AGTTCAGTAAGATGGTTGTGCGCA
Staphylococcus spp.: p-Stap CACGTRGCTAACCTACCTATAAGACTG
Streptococcus spp.: p-Str CGCGTAGGTAACCTGCCTGGTA
Acinetobacter baumannii: p-Abaum AGCTTGCTACCGGACCTAGC
Candida albicans: p-Calb AATAGTGGTAAGGCGGGATC
Candida glabrata: p-Cgrab AGCGCAAGCTTCTCTATTAATCTG
Candida krusei: p-Ckrus AGCGGAGCGGACGACGTGTA
Candida parapsilosis: p-Cpara AGGCGGAGTATAAACTAATGGATAGGT
Candida tropicalis: p-Ctrp ACGTGGAAACTTATTTTAAGCGA
Citrobacter freundii: P-Cfreun TAGCACAGAGGAGCTTGCTCCTTG
Escherichia coli: p-Ecoli AAAGGGAGTAAAGTTAATACCTTTGCTCA
Haemophilus influenzae: p-Hinfl CGTATTATCGGAAGATGAAAGTGC
Klebsiella pneumoniae: p-KPneum AAAAAAAGGTTAATAACCTCATCGATTGAC
Pseudomonas aeruginosa: p-Paer ATACGTCCTGAGGGAGAAAGTG
Streptococcus pneumoniae:

p-Stpneum
TCAGTGTCGCTGTTTTAGCAGAT

S. aureus: p-Saur TTGGTTGATACACCTGAAACAAAG
mecA: p-MecA AGCTGATTCAGGTTACGGACAAGGT
vanA: p-VanA TCGTATTCATCAGGAAGTCGAGCC
vanB: p-VanB TCGTCCTTTGGCGTAACCAA

FIG 1 Typical PCR results for REBA Sepsis-ID test. Lanes M, 100-bp DNA ladder (Bioneer, Daejeon, South Korea); lane 1, 16S PCR (470 bp, 250 bp); lane 2, S.
aureus (120 bp); lane 3, mecA (120 bp); lane 4, vanA (250 bp); lane 5, vanB (100 bp); lane 6, fungus (230 bp); lane 7, 16S-S. aureus-mecA mix; lane 8, fungus-vanA;
lane 9, fungus-vanB; lane 10, fungus; lane 11, fungus-vanA-vanB.

Choi et al.

1454 jcm.asm.org Journal of Clinical Microbiology

http://jcm.asm.org


cordance between the microbiological identification method and
the REBA Sepsis-ID test for all the blood samples.

The REBA Sepsis-ID test identified the following clinical iso-
lates at the genus and/or species level: S. aureus (n � 13; 10 MRSA,

three methicillin-susceptible S. aureus [MSSA]), Staphylococcus
spp. (n � 39; 32 MRCoNS, six methicillin-susceptible coagulase-
negative staphylococci [MSCoNS]), Enterococcus spp. (n � 7; two
VRE, four vancomycin-susceptible enterococci [VSE]), E. coli

FIG 3 Typical results of the REBA Sepsis-ID test using blood culture samples. Lanes 1 to 3, MRCoNS; lane 4, Gram-negative bacteria; lanes 5 and 16, MSSA; lanes
6, 8, and 11, Staphylococcus sp. (MSCoNS); lane 7, Streptococcus sp.; lane 9, P. aeruginosa; lanes 10 and 14, MRSA; lane 12, Enterococcus spp. (VSE); lane 13, VRE;
lane 15, A. baumannii; lane 17, C. albicans; lane 18, C. tropicalis; lane 19, E. coli; lane 20, negative control.

FIG 2 Typical results of the REBA Sepsis-ID test using reference strains. All Gram-negative bacteria, Gram-positive bacteria, and fungi show strong specific
hybridization signals at the positions of the corresponding probes. For the development of PCR-REBA, methicillin-resistant coagulase-negative staphylococci
(MRCoNS) were used as the clinical isolates in the tests shown.
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(n � 14), K. pneumoniae (n � 7), Haemophilus influenzae (n � 1),
P. aeruginosa (n � 1), C. albicans (n � 8), Candida parapsilosis
(n � 2), and C. glabrata (n � 1). In addition, eight Gram-positive
bacteria, eight Gram-negative bacteria, and two fungi were de-
tected in the blood samples from patients with suspected sepsis
(Fig. 3, Table 4).

DISCUSSION

We developed a multiplex PCR-REBA for the diagnosis of patho-
gens in cases of sepsis. The REBA Sepsis-ID test targets the bacteria
and fungi that cause bloodstream infections. We evaluated the
REBA Sepsis-ID test using clinical bacterial and fungal isolates, as
well as using blood culture samples from sepsis patients.

The REBA Sepsis-ID test distinguished Gram-positive bacte-
ria, Gram-negative bacteria, and fungi using pan-probes, and it
identified bacteria and fungi using six genus-specific probes and

13 species-specific probes. Moreover, this assay simultaneously
identified MRSA and VRE strains.

Conventional methods identified, of 115 blood specimens, 106
specimens (92.2%) at the species level and 4 (3.5%) at the genus
level, as well as five specimens (4.3%) as Gram-positive rods. Us-
ing the REBA Sepsis-ID test, the majority of the blood specimens,
i.e., 47 specimens (40.8%) at the species level and 49 specimens
(42.6%) at the genus level, were identified, and 19 specimens
(16.5%) were identified as Gram-positive bacteria, Gram-nega-
tive bacteria, or fungi. Interestingly, the REBA Sepsis-ID test de-
tected all the antibiotic-resistant isolates, similar to the perfor-
mance of conventional tests.

In the present study, Gram-positive bacteria were present in
61% and Gram-negative bacteria in 27% of the blood culture sam-
ples. The major causative agents of bloodstream infections were
(percent and number identified out of 115 blood specimens):

TABLE 4 Comparison of conventional methods and PCR-REBA: screening and identification results in 115 blood samples

Conventional methodsa REBA Sepsis-IDa

Genus and species (n) Antibiotic resistance Genus and species (n) Antibiotic resistance

Gram-positive bacteria (70)
Staphylococcus aureus (13) MRSA (10) S. aureus (13) MRSA (10)

MSSA (3) MSSA (3)
Staphylococcus epidermidis (23) MRCoNS (20) Staphylococcus spp. (23) MRCoNS (20)

MSCoNS (3) MSCoNS (3)
Staphylococcus capitis (5) MRCoNS (4) Staphylococcus spp. (5) MRCoNS (4)

MSCoNS (1) MSCoNS (1)
Staphylococcus haemolyticus (5) MRCoNS (5) Staphylococcus spp. (5) MRCoNS (5)
Staphylococcus hominis (5) MRCoNS (3) Staphylococcus spp. (5) MRCoNS (3)

MSCoNS (2) MSCoNS (2)
Staphylococcus warneri (1) Staphylococcus spp. (1)
Streptococcus parasanguinis (1) Streptococcus spp. (1)
Streptococcus salivarius (1) Streptococcus spp. (1)
Enterococcus faecium (6) VRE (2) Enterococcus spp. (6) VRE-vanA (2)

VSE (4) VSE (4)
Enterococcus faecalis (1) Enterococcus spp. (1)
Corynebacterium spp. (1) Gram positive (1)
Micrococcus spp. (2) Gram positive (1)
Propionibacterium acnes (1) Gram positive (1)
Gram-positive rods (5) Gram positives (5)

Gram-negative bacteria (32)
Escherichia coli (14) E. coli (14)
Klebsiella pneumoniae (7) K. pneumoniae (7)
Klebsiella oxytoca (2) Gram negatives (2)
Salmonella group D (1) Salmonella spp. (1)
Acinetobacter lwoffii (1) Gram negative (1)
Aeromonas spp. (1) Gram negative (1)
Citrobacter koseri (1) Gram negative (1)
Haemophilus influenzae (1) H. influenzae (1)
Neisseria sicca (1) Gram negative (1)
Proteus mirabilis (1) Gram negative (1)
Pseudomonas aeruginosa (1) P. aeruginosa (1)
Sphingomonas paucimobilis (1) Gram negative (1)

Fungi (13)
Candida albicans (8) C. albicans (8)
Candida parapsilosis (2) C. parapsilosis (2)
Candida glabrata (1) C. glabrata (1)
Cryptococcus neoformans (1) Fungi (1)
Saccharomyces cerevisiae (1) Fungi (1)

a The number in parentheses is the number of isolates of each genus and/or species identified.
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Staphylococcus epidermidis (20.0%, 23), S. aureus (11.3%, 13), E.
coli (12.2%, 14), K. pneumoniae (6.1%, 7), and C. albicans (7.0%,
8). These results are consistent with those of Koh et al. (4), which
showed that Gram-positive and -negative bacteria accounted for
53% and 35.2% of bloodstream infections, respectively. Stoll et al.
(6, 15) reported Gram-positive bacteria as the major cause of
bloodstream infections, although they found that the incidence of
Gram-negative bacteria was increasing. Koh et al. reported that
the major causative agents of bloodstream infection were S. aureus
(13.8%), E. coli (24.5%), and K. pneumoniae (8.9%). Although S.
pneumoniae and group A and B streptococci are regarded as im-
portant agents of bloodstream infections, they were not detected
in the present study. Overall, our results are consistent with those
of previous studies (4, 11, 16), while the nondetection of S. pneu-
moniae and group B streptococci may be due to the minimal num-
ber of specimens we examined.

The REBA Sepsis-ID test has certain advantages over the con-
ventional methods in terms of the identification of Gram-positive
and -negative genera and/or species that cause sepsis, and the fact
that antibiotic resistance can be determined within a few hours of
receipt of the blood culture sample. Moreover, the REBA Sep-
sis-ID has advantages over other commercial diagnostic assays for
sepsis. The SeptiFast Test (Roche) does not include probes for
antibiotic resistance, and while the VYOO test (SIRS-Lab) does
contain probes for resistance to vancomycin and for beta-lacta-
mase, it does not test for resistance to methicillin, which is a major
antibiotic resistance of S. aureus (17).

Since the causative agents of bloodstream infections differ ac-
cording to region and country, the target panel of the REBA Sep-
sis-ID should be optimized in additional evaluations to include
the most important and virulent pathogens associated with blood-
stream infections as targets at the species and/or genus level. This
would ensure that patients receive appropriate medical treatment
earlier and would prevent deterioration of the patient’s condition,
perhaps even saving his or her life.

In conclusion, the REBA Sepsis-ID test appears to be a prom-
ising assay for the early identification of pathogenic bacteria and
fungi, including antibiotic-resistant strains, such as MRSA and
VRE, in blood samples, which might not only allow medical staff
to make a precise diagnosis but also allow them to administer
quick and appropriate treatment to hospitalized patients.
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